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Abstract

Aim: Nutrition affects the growth and neurodevelopmental outcomes of preterm infants, yet con-
troversies exist about the optimal enteral feeding regime. The objective of this study was to compare
enteral feeding guidelines in Canadian neonatal intensive care units (NICUs).

Method: The research team identified key enteral feeding practices of interest. Canadian Neonatal
Network site investigators at 30 Level 3 NICUs were contacted to obtain a copy of their 2016 to 2017
teeding guidelines for infants who weighed less than 1,500 g at birth. Each guideline was reviewed to
compare recommendations around the selected feeding practices.

Results: Five of the 30 NICUs did not have a feeding guideline. The other 25 NICUs used 22 different
enteral feeding guidelines. The guidelines in 40% of those NICUs recommend commencing minimal
enteral nutrition (MEN) within 24 hours of birth and maintaining that same feeding volume for 24 to
96 hours. In 40% of NICUs, the guideline recommended that MEN be initiated at a volume of S to 10
mL/kg/day for infants born at <1,000 g. Guidelines in all 25 NICUs recommend the use of bovine-
based human milk fortifier (HMF), and in 56% of NICUs, it is reccommended that HMF be initiated at
a total fluid intake of 100 mL/kg/day. Guidelines in only 16% of NICUs recommended routine gastric
residual checks. Donor milk and probiotics are used in 76% and 72% of the 25 NICUs, respectively.
Conclusion: This study revealed substantial variability in recommended feeding practices for very
low birth weight infants, underscoring the need to establish a national feeding guideline for this vul-
nerable group.
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Nutritional management is an integral component of care in the
neonatal intensive care unit (NICU). During critical periods
of early life, it can positively influence growth parameters and
reduce the incidence of neonatal morbidity in very low birth
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weight (VLBW) infants (birth weight [BW] <1,500 g) (1).
Enteral feeding is the preferred route of nutrition delivery be-
cause it stimulates the development of gastrointestinal mucosa,
intestinal motility, enzyme synthesis, and hormonal release
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and decreases the risk of sepsis related to bacterial transloca-
tion (2). Current evidence supports standardization of feeding
guidelines to increase timely achievement of nutritional mile-
stones, improve growth and shorten length of hospitalization,
and to decrease the risk of mortality, necrotising enterocolitis
(NEC), late-onset sepsis, and chronic lung disease in vulnerable
newborns (i.e., those born prematurely and/or with a low BW)
(3-8). However, initiation and advancement of enteral feeding
in these infants remains a challenge because of acute illnesses in
the early neonatal period and functional immaturity of the gas-
trointestinal system, which can lead to feeding intolerance (9).

Due to existing studies” small sample sizes and heteroge-
neous populations and methodologies, there remains a lack of
consensus on the optimal feeding strategies for preterm infants,
especially in terms of volume and fortification. This is reflected
in studies that have demonstrated significant inter-NICU vari-
ation in feeding practices and growth outcomes internationally
(10-12).

Establishing a standardized nutritional management guide-
line across Canada that integrates experiences from multiple
NICUs will enable effective evaluation of nutritional manage-
ment strategies in large cohorts, thus providing the potential
to improve overall outcomes. As a first step towards this goal,
the objective of this study was to examine and compare enteral
feeding guidelines for VLBW infants in all of Canada’s Level
3 NICUs, which provide the highest level of medical care for
neonates. The findings will set the stage for future knowledge
translation activities to establish a national feeding guideline for
VLBW neonates.

METHODS

Several members of the research team (PSS, KD) identified key
enteral feeding practices of interest, which included i) whether
recommendations for minimal enteral nutrition (MEN) initia-
tion and advancement were stratified by BW; ii) MEN initiation
volumes, timing, and duration; iii) daily feeding advancement
rates; iv) human milk fortifier (HMF) type and amount and
timing of initiation; v) use of protein supplement in addition
to HMF, vi) use of routine gastric residual checks (i.e., prior to
every enteral feeding); vii) policy on withholding feeds during
pharmacological patent ductus closure; viii) use of donor milk;
ix) use of probiotics; and x) contraindications to enteral feeds.
In March 2016, an e-mail was sent to the Canadian Neonatal
Network (CNN) site investigators in all 30 of the country’s
Level 3 NICUs to request a copy of their current enteral feeding
guideline for VLBW infants. Each guideline was reviewed to
abstract information on the feeding practices of interest into
an Excel file. The data that were abstracted for each site were
then forwarded to the relevant CNN site investigator, who was

asked to verify the content. If a guideline did not contain any

recommendations on the use of donor milk and/or probiotics,
the CNN site investigators were asked during the data ver-
ification process to indicate whether those were used in their
NICUs.

All analyses were done in Microsoft Excel. Most comparisons
were performed directly on the abstracted data (i.e., no calcula-
tions were involved). In order to gain a better understanding of
how the different enteral feeding guidelines might affect feeding
progression, however, the recommendations on MEN initia-
tion, duration and progression were used to estimate the me-
dian time required for an infant born at 800, 1,100, and 1,400 g
to reach 120 mL/kg/day at each site, the volume at which cen-
tral lines and TPN are ordinarily discontinued.

The study was approved by the Queen’s University Health
Sciences and Affiliated Teaching Hospitals Research Ethics
Board.

RESULTS

Responses were received from the CNN site investigators at
all 30 Level 3 NICUs. Five units (17%) did not have a feeding
guideline. The remaining 25 NICUs used 22 different feeding
guidelines for VLBW infants. Unless otherwise indicated, all
subsequent numbers and percentages pertain to these 235 sites.

The guidelines in only one NICU (4%) recommend initiating
and advancing MEN feeds in the same manner for all VLBW
infants. In the other NICUs, the recommendations are stratified
by BW categories, the latter of which ranged in number from
two (n=4 [16%]) to six (n=5 [20%]). Stratification by three
BW categories was most common (n=8 [32%]).

The guidelines in NICUs across the country have variable re-
commendations for MEN volumes based on different sets of
weight stratification, ranging from as low as 3 to S mL/kg/day
to as high as 20 mL/kg/day. The recommended age at initiation
of MEN varies from <12 hours to 24 to 72 hours of age, with
<24 hours being most common (n=9 [36%]; see Figure 1).
Similarly, the recommended duration of MEN prior to feeding
advancement also varies (Figure 2), with the guidelines in two
NICUs (8%) recommending that MEN be maintained for 24
hours or less. By comparison, in slightly over half the units
(n=13 [52%]) the recommended duration ranges from 24 to
96 hours.

The estimated median time for 800, 1,100, and 1,400 g infant
to reach 120 mL/kg/day was, respectively, 9 days (range 3 to 14
days, interquartile range [IQR] S days), 7 days (range 3 to 11
days, IQR 2 days), and 6 days (range 3 to 8 days, IQR 1 day).

All the guidelines recommend bovine-based HMEFE.
However, the timing of use varies: in 14 NICUs (56%) the
guidelines recommend initiating HMF at a total feeding
intake of 100 mL/kg/day (Figure 3) and in 15 NICUs (60%)
at one package of HMF in 50 mL feeds (Figure 4). Guidelines
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Figure 1. Age at initiation of minimal enteral nutrition in feeding guide-
lines for very low birth weight infants in 25 Canadian NICUs". “Includes all
Canadian level 3 NICUs with a feeding guideline for very low birth weight
infants. MEN Minimal enteral nutrition; h Hours.
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Figure 2. Duration of minimal enteral nutrition prior to advancement of
feeds in feeding guidelines for very low birth weight infants in 25 Canadian
NICUs". “Includes all Canadian level 3 NICUs with a feeding guideline for
very low birth weight infants. MEN Minimal enteral nutrition; h Hours.

in 16 NICUs (64%) recommend the use of routine protein
supplementation in addition to HMF.

Routine gastric residual checks are recommended in only
about one-quarter of NICUs (n=7 [28%]). Guidelines in only
3 (12%) recommend holding enteral feeds during pharmaco-
logical patent ductus arteriosus closure, but in 13 units (52%)
teeding advancement is not recommended during this process.
A large majority of units offer donor milk (n=19 [76%]) and
order probiotics for all infants <1,500 g (n=18 [72%]), with a
large variability in inclusion criteria for the use of both (data not
shown). For example, the gestational age at which probiotics are
used ranges from < 31 weeks to as high as < 35 weeks with no
mention of BW in some units. Those that mention their use by
BW all report < 1,500 g as the inclusion criterion. Twelve units
(48%) use both donor milk and probiotics. Guidelines in three-
quarters of NICUs (n=19 [76%]) consider hemodynamic in-
stability of any cause, suspected NEC, and surgical abdomen
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Figure 3. Volume of feeds at time of human milk fortifier initiation
in feeding guidelines for very low birth weight infants in 25 Canadian
NICUs. “Includes all Canadian level 3 NICUs with a feeding guideline for
very low birth weight infants. HMF Human milk fortifier.
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Figure 4. Volume® of human milk fortifier at initiation in feeding guide-
lines for very low birth weight infants at 25 Canadian NICUs". “Volume
is HMF volume:feed volume. *Includes all Canadian Level 3 NICUs with
a feeding guideline for very low birth weight infants. HMF Human milk
fortifier.

as absolute contraindications to enteral feeds. In three NICUs
(12%), birth asphyxia is an additional contraindication and in
four NICUs (16%), the guidelines recommend holding feeds
during blood transfusions. Guidelines in six NICUs (24%) do
not list any contraindications to enteral feeds.

DISCUSSION

This study highlights the diversity of recommended feeding
practices in Level 3 NICUs across Canada. Previous studies
looking at international and US data also reported significant
variation in feeding practice, although a 2013 survey showed
this was not the case in South Africa (10-12). An interna-
tional survey published in 2012 by Klingenberg et al. (11) re-
vealed that MEN initiation occurred within 24 hours of life in
35%, 43%, and 71% of tertiary NICUs for infants <25, 25 to
27,and 28 to 31 weeks’ gestational age, respectively. Twenty-
nine of the 124 responding units in the survey were Canadian
and only 17%, 28%, and 65% initiated MEN within 24 hours
of life for the three gestational age groups listed above (11).
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Our data show that in Canadian Level 3 NICUs since 2012
there has been a move towards early feeding initiation: cur-
rent guidelines in nine NICUs (36%) recommend starting
MEN within 24 hours of life for infants born at <1,000 g,
as opposed to the 17% and 28% reported for infants of <25
and 25 to 27 weeks’ gestational age, respectively, in the 2012
survey. However, there remains wide variability in the recom-
mended timing, volume, and number of BW categories used
for initiating MEN. In addition, recommended differences
in the duration of MEN prior to increasing feeds continue to
exist despite evidence from a Cochrane review that showed
there is no increased risk of NEC or mortality with the intro-
duction of feeding volumes higher than 10 to 20 mL/kg/day
at 1 to 2 days compared to progressive enteral feeding defined
as advancing above 24 mL/kg/day initiated at S days of age or
later (13).

Because of the nutritional demands of the preterm infant,
advancement of feeds is an important aspect of the feeding
strategy in NICUs, with the goal being to simulate third tri-
mester intrauterine growth velocity. A published guideline
from one Canadian NICU recommends increasing nutri-
tional feeds in infants with BW of <1,000 g by 15 to 20 mL/
kg/day (9). However, a Cochrane review compared daily
feeding intake increments of 15 to 20 mL/kg/day versus 30
to 35 mL/kg/day and concluded that the more rapid advance-
ment did not increase the risk of NEC, mortality, or interrup-
tion of feeds (14). Our study indicated that while the feeding
advancement rate is stratified by BW (like MEN volume),
guidelines in most NICUs recommend similar rates for all
infants with BW <1,000 g. The estimated minimum time to
reach 120 mL/kg/day for an 800 g infant in NICUs across
Canada is quite variable, with a median of 9 days (IQR 5.5
days). However, the ‘minimum time to reach 120 mL/kg/day’
in our study is based on an infant with no contraindications
to starting or advancing feeds, which is often not the clin-
ical reality. While a Cochrane review did not find any trophic
feeding related adverse effects in the context of birth asphyxia,
respiratory distress, sepsis, hypotension, glucose disturb-
ances, ventilation, or umbilical lines, the guidelines in three-
quarters of Canadian Level 3 NICUs recommend withholding
feeds in cases of hemodynamic instability and suspected NEC
or surgical abdomen (15).

HMF adds protein content to nutritional feeds to meet the
high protein and energy demands of rapidly growing preterm
infants. Often clinicians are reluctant to fortify feeds early, as it
increases the osmolality of human milk and is thought to delay
gastric emptying (16,17). However, despite increases in gas-
tric residuals, with the addition of HMF, there is no difference
in the number of hours feeding was withheld or in the time to
reach full feeds as compared with babies who had not had HMF
added (17). Two studies which compared early versus delayed

introduction of HMF, one a prospective randomized controlled
trial (at 40 mL/kg/day versus 100 mL/kg/day) (18) and the
other a retrospective study (at first feed versus SO to 100 mL/
kg/day) (19), showed no difference in either adverse outcomes
such as NEC or desired outcomes such as weight gain. The inter-
national survey by Klingenberg et al. (11) found large variations
in the timing of initiation and volume of HMF at initiation, with
about half of all NICUs only starting HMF once feeds reached
150 mL/kg/day. Similarly, we identified significant variation
in both recommended timing of initiation and recommended
volume of HMF at initiation within Canada.

There is a lack of evidence showing that gastric residual
volume (GRV) is a predictor of NEC (20). In addition, GRV
did not predict the ability to reach full feeds (21), and rou-
tine checking of GRV only led to delayed target feeding vol-
umes (22). Our study shows that guidelines in most Canadian
NICUs no longer recommend this practice.

Both prospective (23) and retrospective (24) studies have
demonstrated that feeding during pharmacological closure of
PDA is not associated with adverse outcomes, including time to
reach full feeds, NEC incidence, or gastric residuals. Our results
indicate that most Canadian units (88%) no longer hold feeds
during pharmacological closure of PDA, but 52% hold further
advancement of feeds.

Use of human donor milk is preferred over preterm formula
because of the former’s association with a reduced incidence of
NEC (25,26). While the majority of Canadian NICUs report
using donor milk, there is still room for improvement given
that approximately 25% of units in the study did not have donor
milk available. In addition to donor milk, both a 2014 Cochrane
review and a Canadian study (27,28) supported the use of mul-
tiple strain probiotics for the prevention of NEC in preterm in-
fants, results which were echoed in a recent meta-analysis (29).
It is hoped that this accumulating evidence will further increase
the use of probiotics in Canadian NICUs.

One limitation of this study is the lack of information on
how closely health care providers in the NICU adhere to their
site’s feeding guidelines. This information could possibly have
been captured by surveying individual providers working
within each NICU. However, the response rate for any such
survey would likely have been far less than 100%. We also did
not evaluate whether the different feeding guidelines are as-
sociated with infant growth and outcomes such as NEC, the
incidence of which is known to vary across Canadian NICUs
(30).

CONCLUSION

Our study reveals a marked lack of consistency in recom-
mended enteral feeding practices across Canadian Level 3
NICUs. Most NICUs have developed their own guidelines,
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while five units do not have any feeding guideline. These
findings underscore the need to create a national evi-
dence-based nutrition management guideline for VLBW
infants, which would include elements such as the volume
and duration of MEN prior to the advancement of feeds, the
speed of advancement, the timing of HMF introduction and
inclusion criteria for donor milk and probiotics. It is hoped
that by using CNN outcome data and individual unit prac-
tices as identified through CNN’s Evidence-based Practice
for Improving Outcomes (EPIQ) project (31), national
guidelines based on best practice to optimize patient out-
comes will be standardized with the aim of standardizing

feeding protocols and optimizing patient outcomes.
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