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Background/aim: Debate exists about when to initiate enteral feeding (EF) in very low birth weight (VLBW) pre-
term infants. This retrospective study compared the effectiveness of an education-based quality improvement
project and the relationship of time of the first EF to necrotizing enterocolitis (NEC) or death incidence and par-
enteral nutrition (PN) days in VLBW infants.

Study design/subjects: VLBW infants born in 2 epochs were compared for hour of the first feed, PN days, NEC or
death incidence, and feeding type. The 2 epochs were temporally divided by a quality improvement initiative
to standardize initiation of EF in postnatal hours 6-24.

Results: 603 VLBW infants were included. Median time of feed initiation decreased from 33 (Epoch 1) to 14 h
(Epoch 2) (p < 0.0001). Median PN days were 14 vs. 12, respectively (p = 0.07). The incidence of NEC or
death was 13.4% vs. 9.5%, respectively (p = 0.14). When controlling for birth weight, gestational age, race, gender,
and time period, earlier feed initiation was associated with decreased NEC or death (p = 0.003). Evaluation of the
relationship of early EF (defined as within the first 24 h) in Epoch 2 alone showed that early EF was significantly
associated with decreased NEC or death (6.3 vs 15.1%) (RR, 95% Cl = 0.28,0.13-0.58) and less PN days (p < 0.0001).
Conclusions: In a VLBW infant cohort, an education-based process improvement initiative decreased time of EF ini-
tiation to a median of 14 h with no associated increase in NEC or death. In fact, results suggest that earlier feeding is

Keywords:

Early enteral feeding

Very low birth weight infants
Necrotizing enterocolitis
Parenteral nutrition
Prematurity

associated with decreased NEC or death.
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1. Introduction

Debate continues regarding early postnatal readiness for enteral
feeding in very low birth weight (VLBW) (<1500 g) infants [1]. Much
has been published about the potential benefits of early feeds. Early en-
teral nutrition is known to decrease gut atrophy and intestinal perme-
ability [2] and has been associated with improved postnatal growth
and decreased incidence of sepsis [3]. However, concern for an associa-
tion with necrotizing enterocolitis (NEC) has propagated delaying en-
teral nutrition in this population [4]. Recent data suggest that
implementation of a feeding protocol not only is safe but also may de-
crease the incidence of NEC [5,6].

At our institution, despite a feeding order to initiate minimal enteral
nutrition at 6-24 postnatal hours, this clinical plan was not widely ac-
cepted by the nursing staff and required an education-based quality im-
provement initiative to improve the process. This education consisted of
a presentation on the purpose of the feeding plan and the evidence
supporting early enteral feeding. We hypothesized that there would
be a significant decrease in time to the first enteral feed following the
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educational initiative and that this would result in fewer total parenteral
nutrition days, as infants would reach full feeds faster. With the long-
standing concern that early feeding increases the risk for NEC, we also
followed this outcome as a safety measure.

2. Patients and methods

After IRB approval, this retrospective study was performed at a
single university-based tertiary care neonatal intensive care unit
(Medical University of South Carolina). In 2005, neonatal service
admission orders were revised to have the default feeding plan in-
clude initiation of feeds between 6 and 24 postnatal hours. In July
2008, general clinician subjective experience concluded that this
feed initiation order was not consistently followed by nursing
staff. At that time, a process improvement plan was initiated to
educate staff in regard to this order and the scientific evidence
supporting the importance and safety of early enteral nutrition. Ad-
ditionally, staff received education and instructions to initiate ma-
ternal breast pumping within 6 h of infant delivery and to request
maternal assent for donor human milk at infant delivery. This edu-
cation occurred over a 6-month period.

The university hospital perinatal information database was queried
to identify and collect demographics for VLBW infants admitted January
1, 2007-June 30, 2008 (Epoch 1) and January 1, 2009-June 30, 2010
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(Epoch 2). Infants were excluded if they had congenital gastrointestinal
or cardiac anomalies, were transferred in after 24 postnatal hours, or
died in the first 24 postnatal hours prior to initiation of feeding protocol.
Infant demographics including the incidence of small-for-gestational-
age (SGA) status defined by Fenton growth chart [7], the hour of the
first feed, age at initiation and total days of parenteral nutrition, NEC
or death incidence, and type of feed given during the first 24 postnatal
hours were obtained. Additionally, central line days, central line associ-
ated blood stream infections, feeding intolerance (defined as documen-
tation of diagnosis by clinical provider), bronchopulmonary dysplasia
(defined as requiring oxygen at 36 weeks gestation), retinopathy of
prematurity (Stages 3-4), weight gain velocity from birth to hospital
discharge, and length of stay was compared between the two groups.
In further evaluation of growth, the infants in each epoch who were
discharged at 35-37 weeks post-menstrual age (PMA) and had weight,
length, and head circumference measurements at hospital discharge
had comparison of these growth parameters.

During both time periods, infants were fed by the same feed ad-
vancement protocol. This protocol standardizes both duration of trophic
feeds and feed volume advancement until 160 ml/kg/day volume is
reached. The protocol includes a statement to not initiate feeds for in-
fants with a surgical abdomen, hypotension requiring inotropic or vaso-
pressor support, or FiO, > 0.6. Upon initiation of feeds, infants were
preferentially fed mother's milk unless contraindicated. When mother's
milk was not available, donor human milk was substituted for infants
born <30 weeks gestation, and 24 kcal/oz preterm infant formula was
substituted for more mature infants. Once feeds were initiated, feed ad-
vancement was performed by standardized orders stratified by birth
weight, and details are as follows: (1) trophic feeds (12 ml/kg/day)
for 1-5 days; (2) feed volume advancement by 15-30 ml/kg/day; (3)
human milk fortification to 24 kcal/oz at 100 ml/kg/day; (4) goal feed
volume of 160 ml/kg/day; and (5) human milk fortification with whey
protein to 26 kcal/oz at 160 ml/kg/day. Additionally, parenteral nutri-
tion was initiated on postnatal day 1 and discontinued when the infant
was receiving at least 120 ml/kg/day enteral feeds.

3. Statistical analyses

The patient sample was defined by date of birth based on the time of
the quality improvement initiative. Therefore, no power analysis was
performed. The first outcome measurement was to determine whether
the process improvement plan was associated with feed initiation per
protocol (6-24 postnatal hours) and whether feed initiation was signif-
icantly earlier in Epoch 2 than in Epoch 1. Following these assessments,
if a significant clinical difference was observed, then evaluation of fac-
tors associated with this change was to be investigated. The studied fac-
tors were days of parenteral nutrition, incidence of NEC or death, and
type of enteral nutrition received in the first 24 postnatal hours, central
line days, central line associated blood stream infections, feeding intol-
erance, hospital weight growth velocity, retinopathy of prematurity,
bronchopulmonary dysplasia, and length of hospital stay. Outcomes
for days of parenteral nutrition, incidence of NEC or death, and type of
enteral nutrition in the first 24 postnatal hours were also compared by
postnatal hour of the first feed. To further evaluate growth between

the two epochs, for infants with hospital discharge at 35-37 weeks
PMA, hospital discharge weight, length, and head circumference were
compared. Results were tested for normality followed by the appropri-
ate test (Student's t-test or Wilcoxon Rank Sum) for comparison. Chi-
square, Fisher's exact, linear regression, and logistic regression were
also performed. Significance was defined a priori as p < 0.05.

In the secondary analysis, the outcome factors were evaluated in re-
lationship to early feeding, defined as feeding before 24 postnatal hours,
and postnatal hour of the first feed in Epoch 2 only. This epoch was cho-
sen due to standardization of feed initiation practice. In Epoch 1, the
practitioner choice to delay feeds may have biased the association of
feed initiation and outcome.

4. Results

Atotal of 603 VLBW infants (Epoch 1 = 277, Epoch 2 = 326) met the
inclusion criteria. Their characteristics are shown in Table 1. The groups
were comparable for race, gender, and incidence of SGA status but sta-
tistically different for median gestational age and birth weight, with in-
fants in Epoch 1 having lower gestational age at birth and smaller size
than infants in Epoch 2.

As shown in Fig. 1, compared to Epoch 1, a significantly larger pro-
portion of infants in Epoch 2 was receiving enteral nutrition by postna-
tal hour 24 (75.5 vs. 36.5%, p < 0.0001). The hour of enteral feed
initiation significantly decreased from Epoch 1 to Epoch 2 (median of
33 vs. 14 h, p < 0.0001) (Table 2).

As shown in Table 2, no significant difference in median total paren-
teral nutrition days was observed (p = 0.07), but the decrease in medi-
an days may be considered clinically important. Also of note, due to a
concomitant improvement initiative, compared to Epoch 1, significantly
more infants in Epoch 2 had initiation of parenteral nutrition on the first
day (85.9% versus 96% respectively, p < 0.001). Additionally, the percent
of infants diagnosed by a clinician as having feeding intolerance was sig-
nificantly higher in Epoch 1, and hospital growth velocity was signifi-
cantly higher in Epoch 2 without a significant difference in length of
hospital stay.

In evaluation of NEC and NEC or death, no significant difference
existed between epochs. However, death alone was significantly
higher in Epoch 1, and the associated morbidity of central line asso-
ciated blood stream infections was also significantly higher in Epoch
1. Since the lower gestational age and birth weight observed in
Epoch 1 are risk factors for NEC and death, a logistic regression was
performed to account for these factors. When controlling for birth
weight, gestational age, race, gender, and time period, the postnatal
hour of feed initiation was associated with NEC or death (p = 0.003).
Meaning the earlier feeding was initiated, the less likely NEC or death
were to occur.

In further appraisal of growth between epochs, infants with hospital
discharge at 35-37 weeks PMA had comparison of growth parameters
(Table 3). For these infants, weight at discharge was significantly higher
in Epoch 2, but no difference was found for length or head circumfer-
ence at discharge. The higher weight at discharge was congruent with
the significantly higher growth velocity also observed during Epoch 2.

Table 1
Patient characteristics.
Epoch 1 (n = 277) Epoch 2 (n = 326) p-Value

Birth weight median (grams) (range) 1030 (385-1496) 1135 (385-1495) 0.002
Gestational age (PMA) median (weeks) (range) 28 (22-35) 29 (23-35) 0.04
Male (%) 444 46.6 NS
Black (%) 57.8 52.5 NS
White (%) 329 396 NS
Hispanic (%) 83 6.8 NS
Asian (%) 1.1 12 NS
SGA (%) 16.3 123 NS
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