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A b s t r ac t
In very-low-birth-weight (VLBW) infants, the initiation of enteral feedings is frequently delayed and the feeding volumes are advanced very
slowly. Clinicians often express concerns about gut immaturity and consequent increased risk of feeding intolerance, spontaneous intestinal
perforation (SIP), and necrotizing enterocolitis (NEC). Late initiation and ultracautious advancement of enteral feedings are seen all over the
world, despite known associations with a prolonged need for central venous access and increased risk of sepsis, which is one of the leading
causes of neonatal mortality. Promoting early establishment of full enteral feeding, particularly when maternal or donor milk is available, can
improve neonatal outcomes, particularly the incidence of central-line-associated bacterial infections, the length of hospital stay, and survival.
This review highlights current evidence for maximizing enteral feeding strategies for VLBW infants in various settings. Specifically, we will outline
the physiologic evidence for early and continued enteral feedings in VLBW infants, discuss considerations for the initiation and advancement
of enteral feedings, and highlight future areas of research focused on these issues. Consideration for the evidence from low- as well as highresource settings is critical to inform optimal feeding strategies of VLBW infants globally.
Keywords: Enteral nutrition, Necrotizing enterocolitis, Prematurity.
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Introduction

1

Despite increasing awareness of the importance of enteral feeding
with human milk, delayed initiation and slow progression of enteral
feedings is still an impediment in the care of VLBW infants. Most
drivers of delays to enteral feedings are fear-based related to
concerns about gut immaturity, dysmotility, feeding intolerance,
development of SIP, or NEC. There is increasing evidence that these
feeding practices have not improved outcomes and may even be
potentially harmful. Furthermore, inadequate enteral feedings can
prolong the need for central lines, extend the use of parenteral
nutrition, and increase the risk of central-line-associated infections
and death.1,2 Delayed initiation and advancement of enteral
feeding increase the length and cost of hospitalization in addition
to increased morbidity. Thus, with amassing evidence focused on
timely initiation and progression of exclusive human-milk-based
diets among VLBW infants, we aim to revisit the current feeding
practices globally.
Although historical observational studies have suggested an
association between rapid advancement of enteral feeding and the
occurrence of NEC, modern trials of differing feeding advancement
rates have not shown significant differences. The cohorts in these
studies frequently had a prolonged period of fasting for weeks prior
to initation of enteral feeds, with advantages of human-milk diets
not yet realized.3 Recent randomized clinical trials (RCTs) evaluating
enteral feeding initiation and/or advancements have demonstrated
benefits such as reduction in the use of parenteral nutrition, the
need for central venous access, and the risk of invasive infections,
all without any increase in risk of SIP or NEC.4–8
Following the clear and significant benefits inferred from early
use of human milk for VLBW infants,9 the practice of providing
trophic feeding has been largely accepted. However, practices
regarding the ideal time for initiation of enteral feeding, the

duration and volume of initial feedings, and the rate of progression
of feeding volumes to establish full enteral feeding among
VLBW infants are widely variable. Promotion of early and rapid
establishment of full enteral feeding, particularly when maternal

Division of Neonatology, University of Washington/Seattle Children's
Hospital, Seattle, Washington, United States of America
2
Department of Pediatrics, Division of Neonatology, University of
Washington, Seattle, Washington, United States of America
3
Department of Neonatology, Lady Hardinge Medical College and
Kalawati Saran Children’s Hospital, New Delhi, India
4
USDA-ARS Children’s Nutrition Research Center, Pediatrics, Gastro
enterology and Nutrition, Baylor College of Medicine, Houston, Texas,
United States of America
5
Global Newborn Society, Clarksville, Maryland, United States of
America
6,7
St Paul’s Hospital Millennium Medical College, Addis Ababa, Ethiopia
8
Department of Nutrition Sciences, University of Alabama at
Birmingham, Birmingham, Albama, United States of America
9
Division of Neonatology and Newborn Medicine, Hospital Materno
Infantil Ramon Sarda, Buenos Aires, Argentina
10
University of Alabama at Birmingham, Birmingham, Alabama, United
States of America
Corresponding Author: Ariel Salas, University of Alabama at
Birmingham, Birmingham, Alabama, United States of America, Phone:
+2059344680, e-mail: asalas@uab.edu
How to cite this article: Perez K, Valentine GC, Nangia S, et al.
Advancement of Enteral Feeding in Very-low-birth-weight Infants:
Global Issues and Challenges. Newborn 2022;1(3):306–313.
Source of support: Nil
Conflict of interest: None

© The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Enteral Feeding in VLBW Infants

Fig. 1: Effect of enteral fasting on the crypt–villus axis in the gut mucosa in newborn piglets. Photomicrographs show hematoxylin-eosin stained
sections from the jejunum from 4-day-old piglets that received (top) enteral feedings or (bottom) were enterally fasted and reared on total parenteral
nutrition. The magnification was (left) 100× and (right) 200×. Enterally fasted piglets show atrophic changes with villus stunting as compared with
the control animals that received milk from the dams

milk is available, is critical to reducing neonatal mortality from
sepsis and healthcare costs worldwide, including neonatal units
in low-resource settings. In this review, we will summarize the
findings of RCTs and meta-analyses exploring enteral feeding
initiation and progression for VLBW infants, with particular
attention to balancing known and unknown confounders that
contribute to the the complex relationships between enteral
feeding and outcomes of interest. Furthermore, we will highlight
ongoing areas of study and a call for future research endeavors
to continue to inform practices in high-resource settings and
low-resource settings, with importance in the bidirectionality of
evidence exchange rather than the “usual” high-resource setting
studies informing those in low-resource settings with promising
preliminary data for early total enteral nutrition and larger total
fluid volumes.

P hys i o lo g i c E v i d e n c e
E n t e r a l F ee d i n g

to

I m p o r ta n c e

of

Enteral feeding is the postnatal route to administer nutrients. In
utero, the ingestion of up to 500 mL/day of amniotic fluid promotes
the development of the crypt–villus histoarchitecture.10–13
By 16–20 weeks of gestation, the digestive and absorptive
functions of the gastrointestinal (GI) tract are developed.14,15

After birth, the digestive and absorption functions,16,17 including
gastric acid output, bile synthesis, and exocrine pancreatic function,
have been correlated with sustainable growth.18–22 However, the
autoregulation in splanchnic circulation23–25 and gut motility
may remain immature among preterm newborns,26 as effective
propulsion of nutrients with anterograde, organized peristaltic
contractions via parasympathetic and sympathetic systems is
limited.27 In fact, even though most neural elements of the GI tract
develop by 15–18 weeks’ gestation,28 functional maturity may not
be seen until later in the third trimester.27,29–31
The first few postnatal weeks are critical for the growth and
development of the GI tract. In the developing intestine, even
transient feeding interruptions can cause mucosal and villous
atrophy, suppress the expression of digestive enzymes, and
inhibit nutrient absorption. 31,32 Enteral fasting also decreases the
gut hormonal response, 33 decreases mucosal IgA, and increases
expression of adhesion molecules that promote leukocyte
recruitment. 33,34 Prolonged enteral fasting can lead to up to
50% loss of mucosal mass, crypt–villus atrophy, and enterocyte
apoptosis. 35 In parenterally fed piglets, enteral fasting induces
gut mucosal atrophy (Fig. 1) with increased enterocyte apoptosis,
decreased crypt-cell proliferation, and decreased jejunal mass
by more than one-third, decreased villus height by almost half,
and decreased villus area by more than 50%. 36–38 This resulting
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Fig. 2: Schematic diagram showing the impact of enteral fasting on mucosal development, endocrine changes, and intestinal function

mucosal atrophy promotes lymphocyte activation, 39 increases
expression of adhesion molecules, 40,41 favors recruitment
of neutrophils, and increases expression of inflammatory
cytokines.42–44
Delayed introduction of enteral feeding in newborn infants
is associated with altered maturation of the mucosal crypt–villus
axis or secondary atrophy (Fig. 2) that can increase bacterial
translocation and the risk of infections. Infants are also known to
show hyperinflammatory responses in the intestine. The structural
immaturity and the altered inflammatory changes are known to
increase permeability to macromolecules and luminal bacteria36
and thereby increase the risk of gut-derived sepsis and NEC. 32,45
The deleterious effects of prolonged or transient periods of
enteral fasting on the GI mucosa31–34,46 may be observed after
feeding interruptions that are either consciously or inadvertently
prescribed to prevent feeding intolerance during treatment of
patent ductus arteriosus with prostaglandin inhibitors, after
the diagnosis of NEC, and in infants recovering after surgery.
Specifically for NEC, a recent systematic review and meta-analysis,
including 119 infants from three observational studies, found a
reduced incidence of recurrent NEC and/or post-NEC stricture
(OR 0.27, 95% CI 0.10, 0.75; p = 0.012) among infants re-initiated
on enteral feedings sooner (median 4 days vs median 10 days).47
In animal models, early introduction of enteral colostrum and
milk feeding is associated with an increased intestinal weight by
50–75%.48,49 These findings are consistent with rapid growth of
the small intestine observed during the early neonatal period in
humans. 50,51 Early initiation of enteral feeding with colostrum
also enhances resistance to NEC,52 promotes intestinal peristalsis,
promotes enzymatic activity, augments intestinal blood flow,
maintains intestinal-barrier function, prevents gut dysbiosis, and
reduces infections.53–57
In human clinical studies, delayed introduction of enteral
feeding has not been shown to confer protection against feeding
intolerance, NEC, or abnormal gut mucosal permeability compared
with early enteral feeding. 3,53,58–63 Delayed enteral feeding is
associated with prolonged hospital stay, even among cohorts
of growth-restricted infants. 3,53,58–63 Moreover, early postnatal
enteral feeding can stimulate gut motility, promote release of GI
hormones,64 reduce feeding intolerance, facilitate the delivery of
essential micronutrients, favor the development of a healthy gut
308
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microbiome,65–67 and even prevent severe hyperbilirubinemia.68
Ultimately, the amassing literature demonstrates significant
benefits and limited risk with early introduction of human milk
enterally to preterm newborns, including those at-risk for NEC.

S lo w vs R api d P r o g r e s s i o n
F ee d i n g s

of

Enteral

Following initiation of trophic feedings to prime the gut and
improve feeding tolerance, 69,70 a gradual increase of these
feeding volumes is necessary to establish full enteral feeding. The
duration of trophic feeding, related to early/delayed initiation or
slow/rapid advancement of enteral feedings, remains a variable
parameter across neonatal units, despite a lack of benefit
related to delayed and/or slower progression of enteral feeding.
Compounding this issue, clinicians often reference “feeding
intolerance” as a reason for slow advancement or even for the
cessation of all enteral feeds for a period of time. However, this
term is often used in a subjective sense and remains ill-defined,
it may differ within and between institutions. Efforts focused
on preventing or treating feeding intolerance are diverse and
not evidence-based, leading to substantially different feeding
initiation, reinitation, and advancement practices.71–74
Randomized clinical trials have not shown increased risk of NEC
with early progression of enteral feeding volumes (i.e., within the
first 96 hours). Multiple well-designed RCTs of early progression of
feeding volumes have shown that VLBW infants, even those critically
ill between 22 and 28 weeks’ gestation, can tolerate and attain full
enteral feeding within the first 10 days of life without any increase
in the risk of adverse outcomes.75 In a large multicenter trial, 404
small-for-gestational-age preterm newborns who were believed
to be at high risk of NEC61 (due to documented absence/reversal
of diastolic blood flow in the umbilical artery/aorta in antenatal
Doppler studies)76 were randomized in two groups of early (within
24–48 hours) or delayed (between 120 and 144 hours) progression
of enteral feeding. The early enteral feeding progression group
achieved full enteral feeding earlier (18 vs 21 days; p = 0.003) with
no difference in the incidence of NEC (all-stage NEC, RR 1.20, 95%
CI: 0.77–1.87; p = 0.42).61 Similarly, another trial in infants who were
believed to be at high risk of NEC (<28 weeks’ gestation or less)
showed no difference in NEC.75
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Randomized clinical trials in infants considered at high risk
of NEC also reported a potential reduction of culture-proven
sepsis after early progression of enteral feeding.61,75 A 2022 metaanalysis comparing early vs delayed progression of enteral feeding
volumes concluded that delaying enteral feeding progression
beyond the first 96 hours after birth increased the risk of severe
infection (RR 1.44, 95% CI: 1.15–1.80; p = 0.001).8 The meta-analysis
found no benefit in delaying the progression of enteral feedings
on the risk of NEC (RR 0.81, 95% CI: 0.58–1.14; p = 0.22). 8 Thus,
given the risks of delaying feeding progression, the current
evidence does not support delayed progression of feeds until
several days of trophic feedings have been tolerated, but rather
supports early and timely advancement of enteral feeds 24–72
hours after birth.
More rapid progression of enteral feeding volumes has
similarly been shown to not increase the risk of NEC in VLBW
infants. In an earlier 2011 meta-analysis,77 including 4 RCTs and
496 infants who received slow advancement (daily increments of
15–20 mL/kg)78–81 vs more rapid advancement (daily increments
of 30–35 mL/kg/day) of feeds showed no increase in the risk of
NEC (RR 0.91, 95% CI: 0.47–1.75) nor all-cause mortality (RR 1.43,
95% CI: 0.78–2.61). Faster rates of progression of feeding volumes
demonstrated earlier time to regain birth weight (mean difference
from 2 to 6 days) and earlier establishment of full enteral feeding
(median difference from 2 to 5 days). A 2021 updated metaanalysis, including 14 trials and 4033 infants, found similar results:
Advancing feeding volumes 15–24 mL/kg/day as compared with
30–40 mL/kg/day demonstrates no reduction in risk of NEC,
feeding intolerance, invasive infection, or in-hospital mortality;
even among ELBW infants, SGA infants, growth-restricted infants,
and infants with absent or reversal of end-diastolic flow, faster
feeding advancements of 30–40 mL/kg/day did not increase the
risk of NEC or death.6
The 2019 Speed of Increasing milk Feeds Trial (SIFT),82 which
was included in the 2021 meta-analysis, is worth particular mention
as the investigators included extremely low-birth-weight (ELBW)
infants. The trial remains the largest published study thus far that
has examined the impact of enteral feedings among VLBW infants.
The trial included 2793 preterm newborns (48% between 1000 gm
and 1500 gm at birth and 37% <1000 gm at birth) randomized to
enteral feeding advances of 30 mL/kg/day or 18 mL/kg/day. More
rapid advancements of enteral feeds did not increase the risk of
NEC and had no effect on late-onset sepsis or survival without
moderate-to-severe neurodevelopmental disability. Notably,
most of the infants in this trial were fed exclusively or partially with
breast milk, with fortifier added only after full enteral feeds were
reached, making conclusions about growth challenging to interpret
with many units fortifying feeds sooner. Nonetheless, the findings
support more rapid advancement of feeds (30–40 mL/kg/day) than
has traditionally been used (<20 mL/kg/day), particularly among
infants with birthweights <1000 gm.
In summary, recent systematic reviews of the literature have
concluded that neither early progressive feeding83,84 nor more
rapid advancements in volumes of enteral feedings5 increase
the risk of NEC or other adverse outcomes in VLBW infants,
including SGA and growth-restricted infants. Thus, delayed
initiation and advancement (<25 mL/kg/day) of enteral feeds
appear unwarranted with no appreciable benefit to this practice,
although, potential for increased morbidities, including invasive
infection.83

E a r ly T ota l E n t e r a l F ee d i n g s (ETEF)
E a r ly P a r t ia l E n t e r a l F ee d i n g s

vs

Early exclusive full enteral feeding may relay even more benefit
than early, rapid progression of enteral feeding in stable VLBW
infants. As we will discuss, recent small clinical trials suggest
that ETEF in VLBW infants – defined as feeding volumes of
60–80 mL/kg/day within the 24–48 hours after birth – reduces the
time to full enteral feeding, the need for intravenous (IV) access, the
duration of parenteral nutrition, and the risk of late-onset sepsis.
In a small feasibility trial, 23 otherwise-stable VLBW infants were
randomly assigned to receive exclusive enteral nutrition (initial
feeding volumes of 80 mL/kg/day) within 1 hour after birth and
showed that early full enteral feeding significantly decreases the
time to regain birth weight and the length of hospital stay.85 In
another trial, 51 VLBW infants were randomized to receive ETEF
with human milk or standard care, those receiving ETEF with
human milk regained birthweight sooner (11 vs 12 days, p = 0.04)
and had a shorter hospital stay (12 vs 13 days, p = 0.04).86 In a more
recent trial of 180 VLBW infants, full enteral feeding with preterm
formula or breast milk (if available) reduced the time to full enteral
nutrition (mean difference: –3.6 days), the incidence of feeding
intolerance (RR 0.5, 95% CI: 0.3–0.9, p = 0.002), the incidence of
clinical sepsis (26% vs 61%, p <0.001), the requirement of IV fluids
(median difference: –2.2 days, 95% CI: –3.9 to –0.4, p = 0.02), and the
length of hospital stay (median difference: –4.1 days, 95% CI: –6.9
to –1.2, p = 0.01).87 Feeds were given every 2 hours in this study,
and fortification was initiated once an infant was on 100 mL/kg/
day of enteral feeds.87
A meta-analysis published in 2020 summarized existing
randomized trials comparing ETEF to early, rapid feeding
progression.7 Six randomized trials were eligible for inclusion,
with a total of 526 VLBW infants. None of the trials were masked and
all were conducted in India with maternal milk used preferentially.
While there were few and inconsistent findings with respect to
growth parameters, presumably due to heterogeneity with respect
to fortification and other aspects, an important finding was that
ETEF as compared with early, rapid progression of enteral feeds
was not associated with an increased risk of NEC (RR 0.98, 95% CI:
0.38–2.54).
The investigation of ETEF compared with conventinal feeding
progression is relatively new. However, two trials comparing
ETEF to conventional feeding progression in the United States
(E3NACT trial, NCT04337710) and United Kingdom (FEED1 trial,
ISRCTN89654042) are ongoing. They will provide additional
information on the effects of ETEF on outcomes and growth
outside of India. Future studies focused on identifying which
VLBWs might benefit most will be important, noting “stability” at
such small sizes and gestational ages is relative.

C o n s i d e r at i o n s f o r F u t u r e R e s ea r c h
t h e G lo b a l C o n t e x t

in

Importantly, while all evidence for ETEF has been conducted in
India, evidence of early and more rapid progression of enteral feeds
has been largely derived from studies in high-income countries.
Ensuring interventions are evaluated in high- and low-resource
settings may be of vital importance as diagnostic and treatment
options are limited. Furthermore, the directionality of ETEF being
evaluated in primarily India, with ongoing evaluation in higher-
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income settings, is an exciting precedent. While resources may be
different between settings, physiologic importance in such basic
newborn care such as early nutrition, especially with human milk, is
likely shared. As total parenteral nutrition is often unavailable and
sepsis is a major contributor to neonatal mortality in low-resource
settings, benefits of early, rapid enteral feeding progression may
be of even greater importance in such settings.88 Similarly, ETEF
is potentially beneficial even in high-resource settings such as
the United States, noting ongoing high healthcare costs and
shared goals to reduce morbidities and reduce the length of
hospitalization. Future studies should also evaluate the impact
of ETEF as compared with early partial enteral feeding on other
outcomes such as short- and long-term growth, oral feeding
progression, and neurodevelopmental outcomes.
The next potential frontier with respect to VLBW enteral
feedings is the convention to limit enteral feedings at volumes
conventionally within the 140–160 mL/kg/day range and the timing
of fortification initiation, when/if fortifier is available. Growth
is of increasing importance as a surrogate outcome globally,89
associated with in-hospital outcomes and neurodevelopmental
outcomes.90 In many parts of the world, fortification of enteral
feedings for VLBW infants is not feasible. As such, providers in
low-resource settings may increase goal enteral feeding volumes
beyond the conventional maximum of 160 mL/kg/day to improve
early nutrition and longer-term outcomes. A 2021 meta-analysis
investigating standard (<180 mL/kg/day of fortified feeds or
<200 mL/kg/day unfortified feeds) versus high-volume feeding
volumes (>180 mL/kg/day of fortified feeds or >200 mL/kg/day
unfortified feeds) included 2 RCTs with 271 participants.4 Infants
fed higher feeding volumes of fortified and unfortified milk had
improved in-hospital weight gain (fortified MD 2.58 g/kg/day,
95% CI 1.41–3.76; unfortified MD 6.20 g/kg/day, 95% CI 2.71–9.69)
without appreciable difference in the risk of NEC.4 The only trial of
high-volume feedings conducted in the United States concluded
that this feeding intervention favors weight gain91 and fat-mass
accretion within a clinical range of equivalence.92 Notably, these
trials included larger and more mature infants and were not
exclusive to VLBW infants, and while they also showed a suggestion
for improved in-hospital head circumference growth and longerterm weight gain, the level of certainty of these additional benefits
was low. Acknowledging the concerns about excessive fluid
intake and risk of adverse outcomes, including patent ductus
arteriosus and bronchopulmonary dysplasia, in the literature, these
associations have been described in the context of early, majority
parenteral fluid rather than fluid from enterally derived, biologically
active human milk beyond the first several days of life.93–95
Last, defining a “stable” VLBW infant that could benefit from
ETEF requires further studies with much of the ETEF work to-date
defining “stable” as not requiring respiratory support. Noting that
noninavsive positive-pressure respiratory support, when available,
is becoming standard for all VLBWs globally, defining stability by
the need for respiratory support may be short-sighted. Including
VLBWs who are receiving standard care, including respiratory
support, as well as those classified as “unstable” needing invasive
ventilation or vasopressor support, will be additional important
areas of study.

S u m m a ry
Enteral feeding, particularly with human milk, may be one of the
most critical therapies we offer VLBW infants, regardless of their
310
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location of birth. Importantly, no recent trials evaluating early or
more rapid advancement to full enteral feedings in VLBW infants
found an increased risk of NEC or death. Prolonged enteral fasting
after birth is no longer recommended with significant evidence
of the risk of GI atrophy and adverse development with fasting.
Bioactive human milk provides important immunoglobulins,
lactoferrin, lysozyme, oligosaccharides, white blood cells, and
antibodies that are beneficial to short- and long-term outcomes for
VLBWs. Strong data from randomized trials indicate that the use of
maternal or donor milk can effectively reduce the risk of feeding
intolerance and NEC. Based on past evidence, we believe future
randomized trials assessing ETEF in VLBW infants with maternal
or donor milk soon after birth are unlikely to prove an increased
risk of NEC.
Thousands of preterm newborns have been randomized
to prove that early progressive feeding compared with delayed
progressive feeding does not increase the risk of NEC (n = 1507,
13 trials), that rapid progression of feeding is not associated with a
higher risk of NEC (n = 4026, 14 trials), and that early establishment
of full enteral feeding is feasible in VLBW infants without an increase
in NEC (n = 522, 6 trials). Ignoring this evidence from clinical trials
and continuing to delay enteral feeds and advance at slow rates
may result in harm to this population, particularly in low-resource
settings where the incidence of severe infections is high and access
to alternatives to enteral nutrition (i.e., parenteral nutrition, central
venous access, and other healthcare resources) is limited. For
VLBW infants considered at high risk, initiation of enteral feeding
volumes at 25–30 mL/kg soon after birth (i.e., within the first 24
hours ideally) and subsequent daily feeding advancements by
25–30 mL/kg without extending the duration of trophic feeding
and according to daily intolerance may be the most reasonable. For
moderate-risk VLBW infants, starting at 30–40 mL/kg and advancing
by 30–40 mL/kg daily could lead to important benefits. For low-risk
VLBW infants, starting full enteral feeding volumes 60–80 mL/kg/
day could reduce the need for IV access, improve nutrition, and
decrease the wide global variation in feeding practices, ultimately
improving nutritional outcomes and promoting kangaroo care
without requirement of IV fluids. We look forward to findings from
the Fluids Exclusively Enteral From Day 1 (FEED 1) trial and Early,
Exclusive, Enteral Nutrition (E3NACT) trial, assessing ETEF and the
various subsequent quality-improvement projects throughout
the world focused on improving feeding practices and nutrition
among VLBW infants.
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