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Abstract

Background: Although decades have focused on unraveling its etiology, necrotizing enterocolitis (NEC) remains a
chief threat to the health of premature infants. Both modifiable and non-modifiable risk factors contribute to varying
rates of disease across neonatal intensive care units (NICUs).

Purpose: The purpose of this paper is to present a scoping review with two new meta-analyses, clinical recommendations,
and implementation strategies to prevent and foster timely recognition of NEC.

Methods: Using the Translating Research into Practice (TRIP) framework, we conducted a stakeholder-engaged scoping
review to classify strength of evidence and form implementation recommendations using GRADE criteria across subgroup
areas: 1) promoting human milk, 2) feeding protocols and transfusion, 3) timely recognition strategies, and 4) medication
stewardship. Sub-groups answered 5 key questions, reviewed 11 position statements and 71 research reports. Meta-
analyses with random effects were conducted on effects of standardized feeding protocols and donor human milk
derived fortifiers on NEC.

Results: Quality of evidence ranged from very low (timely recognition) to moderate (feeding protocols, prioritize
human milk, limiting antibiotics and antacids). Prioritizing human milk, feeding protocols and avoiding antacids were
strongly recommended. Weak recommendations (i.e. “probably do it”) for limiting antibiotics and use of a standard
timely recognition approach are presented. Meta-analysis of data from infants weighing <1250 g fed donor human
milk based fortifier had reduced odds of NEC compared to those fed cow’s milk based fortifier (OR = 0.36, 95% CI 0.13,
1.00; p = 0.05; 4 studies, N = 1164). Use of standardized feeding protocols for infants <1500 g reduced odds of NEC by
67% (OR = 0.33, 95% CI 0.17, 0.65, p = 0.001; 9 studies; N = 4755 infants). Parents recommended that NEC information
be shared early in the NICU stay, when feedings were adjusted, or feeding intolerance occurred via print and video
materials to supplement verbal instruction.
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Discussion: Evidence for NEC prevention is of sufficient quality to implement. Implementation that addresses system-
level interventions that engage the whole team, including parents, will yield the best impact to prevent NEC and foster
its timely recognition.

Keywords: Necrotizing enterocolitis, Very low birth weight, Prevention, Clinical practice guideline, Evidence-based
practice, Neonatal intensive care, Infant, Nursing, Parent engagement, Translating Research into Practice Framework,
NEC-zero, Practice guidelines, Scoping review,
Neonatal complications increase the cost of prematurity
4–7 fold; [1] but complication rates vary widely among
NICUs, especially for those born very low birthweight
(VLBW; <1500 g) [2–4]. One of the deadliest complica-
tions is necrotizing enterocolitis (NEC), a multi-factorial
acquired intestinal disease that is the primary cause of
emergency neonatal surgery [5]. NEC involves systemic
inflammatory activation and progresses to full intestinal
necrosis when severe [6]. NEC survivors can have very
long hospital stays [7], require parenteral nutrition long-
term, and experience delayed neurodevelopment [8].
Preventing one case of surgical NEC can save up to
$250,000 per case, and when not preventable, timely rec-
ognition is a priority [9]. Surgery is required in 20–40%
of the cases; and up to 50% of those needing surgery will
die [4, 6, 10].
Background
As with many neonatal complications, NEC rates vary
across NICUs [4, 11–13]. Quality improvement (QI)
methods have been shown to reduce rates of NEC [14].
Central to QI is the consistent, measurable implementa-
tion of evidence into practice. In 2010, a NEC Clinical
Practice Guideline published by the Cincinnati Chil-
dren’s Hospital Guideline Group recommended: 1) pref-
erential feeding of mother’s own milk (MOM), 2)
providing pasteurized human donor milk (HDM) if
MOM is not available, 3) using ibuprofen instead of
indomethacin to close a patent ductus arteriosus (a com-
mon challenge in prematurity relating to NEC), and 4)
administering antenatal steroids to mothers prior to de-
livery [15]. However, this guideline was not updated be-
cause of lack of a team to do so and was retired in 2015
[15]. In response, we sought to fill the gap for a NEC
prevention guideline by applying a stakeholder-engaged
process to conduct a scoping review and propose imple-
mentation recommendations in line with best practices
to create trustworthy clinical guidelines [16–19]. To re-
flect the goal of preventing NEC, ultimately driving its
incidence to a goal of zero, the effort was named “NEC-
Zero.” As parents are the first to notice symptoms and
arguably have the most to lose when NEC strikes, they
participated as expert stakeholders.
Purpose
The purpose of this paper is to present a scoping review
with two new meta-analyses, clinical recommendations,
and implementation strategies to prevent and foster
timely recognition of NEC. All papers and position state-
ments included in this review defined NEC as Bell’s
Stage II or greater.

Implementation science framework
To guide efforts, the Translating Research Into Practice
(TRIP) implementation science framework was used
because of its emphasis on framing evidence-based in-
terventions in intensive care environments in partner-
ship with stakeholders [20–23]. Building on Roger’s
Diffusion of Innovation theory applied to health [24],
the TRIP identifies several factors that impact adoption
of evidence-based innovations in practice. Factors in-
clude 1) innovation characteristics; 2) communication
processes; 3) users; and 4) the social system (see Fig. 1)
[20]. The TRIP purports that to be adopted, an
evidence-based intervention should be: a) better than
usual care; b) compatible with clinicians’ values, c) simple,
d) trialable in a low risk setting, and e) improve outcomes
(process or patient-related). Figure 1 depicts how the TRIP
was used to guide this stage of our process.

Methods
Scoping review approach
A stakeholder engaged scoping review was conducted to
answer key questions about NEC prevention, timely recog-
nition, implementation strategies and ways to engage par-
ents [25, 26]. Six key steps are typical to scoping reviews: 1)
identifying the key questions, 2) finding relevant studies, 3)
selecting relevant studies to answer the questions, 4)
extracting the data from the studies, 5) summarizing and
reporting results, and 6) consulting stakeholders to appraise
the literature, propose new resources and provide insights
missing from the literature [26–28].
The group of expert stakeholders was selected in four

steps. First, a national group of clinical and research ex-
perts were invited because they had published significant
research and EBP improvement work around NEC.
Second, a group of parents who had been impacted by



Fig. 1 Translating research into practice framework adapted for NEC-Zero

Table 1 Characteristics of NEC Working Group Experts (N = 20)

Characteristic % (N) or
Mean (SD)

Female 80% [16]

Years in Practice (Mean with SD) 18.6 (7.4)

Role

Registered Nurse (Bedside NICU, Lactation
Specialist, Librarian/Nurse, Neonatal Nurse
Practitioner or Scientist)

45% [9]

Parent Advocate (Architect, Musician, or
Information Specialist)

15% [3]

Pharmacist 5% [1]

Physician (includes Neonatologist, Medical
Directors, Scientists)

30% [6]

Registered Dietician 5% [1]

Degree (Highest degree earned)

Bachelors (B.S., B.S.N.) 20% [4]

Masters (MArch., Med., MLIS, M.S., M.P.H., or M.H.A.) 25% [5]

Doctorate (PharmD, DNP, PhD, or MD) 55% [11]

Geographical Location (United States)**

Central 15% [3]

Eastern 20% [4]

Mountain 55% [11]

West/Pacific 10% [2]

**Eight states represented over 4 time zones
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NEC were recommended by the president of the Preemie
Parent Alliance from the NEC Society (E.U.), Graham’s
Foundation (L.M.), and Hand to Hold (T.C.). Third, a doc-
torally prepared Clinical Nurse Specialist engaged local
stakeholders from the NICUs who intended to implement
the recommendations. Finally, at the first meeting all were
asked to identify expertise missing from the group, leading
to more bedside nurses and a pharmacist joining. Stake-
holder characteristics (N = 20) are portrayed in Table 1
and are referred to as “experts” from this point forward.

NEC-zero description
We reviewed evidence for NEC-Zero across four
evidence-based facets: 1) preferential human milk feeding;
[29–36] 2) adoption of a unit-approved standardized feed-
ing protocol; [37, 38] 3) stewarding medications particu-
larly restricting culture-negative empiric antibiotics to
<5 days [39, 40] and avoiding histamine-2 antagonists;
[41–43] and 4) adopting a unit-based approach to NEC
risk assessment and timely recognition [44, 45]. Withhold-
ing feedings during packed red blood cell transfusion was
considered [46–48], but evidence was found to be incon-
clusive. We elected to exclude probiotics from this review
due to controversy and lack of standardization in probiotic
formulations in the US [49, 50].
Experts participated in six monthly teleconferences.

To facilitate communication and ensure all voices were
represented, post-meeting surveys were distributed. Meet-
ing minutes were transcribed verbatim and shared with all
participants before the next meeting. At the third meeting,
subgroups were formed to allow more in-depth appraisal
of literature according to each facet of NEC-Zero. Sub-
group membership was distributed evenly to ensure equal
representation from nursing, parents, and neonatology.
The pharmacist, dietitian, and lactation consultant were
specifically asked to be in certain groups (e.g. medication
stewardship, feeding protocols, and human milk promo-
tion respectively). When parent voices appeared quiet,
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there was follow-up after the meetings to assure time for
them to contribute. Subgroups focused on one of four
facets of NEC-Zero and was co-facilitated by a local stake-
holder and a national expert. A recommendation template
was adapted and served as an outline that assisted with
searching, identifying and assessing the state of the
current literature. After evaluation, rating and synthesis of
the evidence was completed, the four subgroups presented
their findings during an all group meeting. The research
team actively facilitated the work of the subgroups.

Selection of evidence sources
The literature search was focused to answer key questions
[26, 27]. Guidelines, position statements, and studies that
focused on the infant born <1500 g and were published
in English were included. PubMed, CINAHL, and the
Cochrane databases were searched. Targeted internet
searches were applied to identify guidelines and position
statements from professional organizations (e.g. American
Academy of Pediatrics [AAP], American Society for Paren-
teral and Enteral Nutrition [ASPEN], National Association
of Neonatal Nursing [NANN], Society for Breastfeeding
Medicine [SBM], and the World Health Organization
[WHO]). When the position was very strong, the evidence
for the position was described in detail by the organization,
and validated with high levels of consensus, an in-depth re-
view of original research was deferred. If no position state-
ment was available, systematic reviews and meta-analyses
were evaluated first, followed by individual research studies
if no meta-analysis or position statement was available. All
participants assisted with critiquing the evidence and com-
ing to consensus on practice recommendations [26, 27].
Experts agreed that clinicians intending to use NEC-

Zero practices are likely familiar with GRADE criteria to
critique quality of evidence and strength of recommenda-
tions [18, 51–53]. Meta-analyses are necessary to consider
a body of evidence’s quality. In GRADE, observational
studies are typically “low” quality but can be upgraded
when magnitude of effects are consistent, significantly
large (i.e. <0.5 or >2), confounding is accounted for or if
there is evidence of a dose response. When a meta-
analysis was not available, we combined study results
using the Review Manager 5.3 software using random ef-
fects modeling. Recommendations are presented as “do it/
don’t do it” to reflect a strong recommendation or “prob-
ably do it/probably don’t do it” to indicate a weak recom-
mendation based on the quality of the evidence and if the
quality was upgraded or downgraded (i.e. due to direct-
ness, imprecision, consistency of effects or cost balance).

Results
Promoting human milk feeding
The human milk subgroup addressed the evidence for
human milk to prevent NEC across four categories: 1)
human milk versus formula feeding; 2) human donor milk
(HDM)-derived fortifier compared to cow’s milk-derived
fortifier; 3) colostrum use for oral care; and 4) implemen-
tation strategies to promote human milk in the NICU.

1. Human milk versus formula feeding

Strength of evidence
Position Statements from NANN published in 2015 [54],
The AAP in 2012 [55], AWHONN in 2014 [56], and the
WHO [57] all promote human milk as the scientifically
superior feeding for preterm infants. Specific health bene-
fits for the preterm infant population including lower rates
of sepsis, NEC, improved feeding tolerance, improved
neurodevelopmental outcomes, lower mortality rates,
more responsive immune function, lower rates of Retinop-
athy of Prematurity and fewer hospitalizations in the first
year post-NICU discharge compared to formula feeding.
[55] A meta-analysis concluded that if the preterm or low
birth weight infant cannot have access to their mother’s
own milk (MOM), meta-analyses demonstrate that pas-
teurized HDM demonstrates protection from NEC versus
the use of preterm or term formula [58]. Prioritizing the
use of MOM over DHM is important because MOM is
more bioactive than DHM, contains more immune-
supporting human milk oligosaccharides [59] and is more
protective against NEC [60].

Recommendations
We agree with the AAP position that all preterm infants
should receive human milk and that if MOM is not
available, pasteurized DHM is preferred to formula [55].
(High quality, do it).

2. Use of donor human milk (DHM)-based fortifier
versus Cow’s milk-based fortifier

Strength of evidence
The AAP recommends that human milk be fortified for
infants born less than 1500 g [55]. Fortification can be
accomplished with adding cow’s milk-based fortifier or
DHM-based fortifier to human milk. Some refer to a diet
that includes MOM, DHM if MOM is unavailable, and
DHM-based fortifier as an “exclusive human milk diet.”
Four studies have evaluated the difference in NEC (de-
fined as Bell’s stage II or greater) between the two types
of fortified diets [30, 61–63]. When results were pooled
from two RCTs [30, 61], lower risks of death, NEC, NEC
requiring surgery, and sepsis in infants less than 1250 g
was shown with risks rising incrementally as the per-
centage of cow’s milk in an infant’s diet increases [64].
Since 2014 when the pooled analysis was published, two
more cohort studies have been published [62, 63]. We
applied a random effects model to conduct a meta-



Fig. 2 Pooled effects of donor human milk-based fortifier compared to cow’s milk-based fortifier on odds of NEC
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analysis of the four studies for infants weighing <1250 g
at birth (N = 1164) and show that infants fed with
DHM-based fortifier had approximately 64% lower odds
of NEC compared to those fed with bovine based forti-
fiers (OR = 0.36, 95% CI 0.13, 1.00, p = 0.05; Fig. 2).
Highest protection of DHM-based fortifier was shown in
units with high rates of NEC and cost-savings from NEC
avoidance may be low if the baseline NEC rate is low.
One limitation of the evidence is that it focused on the
infant <1250 g and the effect estimate included one. More
studies are needed in NICUs with pre-treatment NEC
rates that are typical for most NICUs vs. those in the
literature in higher rate NEC NICUs. No studies have
shown adverse effects of using human milk based fortifiers
although adequate growth should be monitored [65].

Recommendations
The subgroup recommends the use of DHM-based fortifier
over bovine based fortifier (Moderate quality; probably do
it) with prioritized MOM with DHM if MOM is not
available. In units with a low baseline incidence of NEC, the
cost of DHM-based fortifier may show lower cost-
effectiveness compared to those with a high baseline inci-
dence. Greatest effects of DHM-derived fortifier to reduce
NEC are shown in units with high baseline NEC incidence.

3. Colostrum as oral immune therapy

Strength of evidence
The use of colostrum for oral care to provide immune
therapy in preterm infants was next addressed. Evidence
reviewed consisted of 1) a narrative review; [66] 2) three
randomized control trials; [33, 67, 68] 3) two cohort
studies; [36, 69] 4) a qualitative study; [70] 5) two pilot
studies; [32, 35] and 6) a position statement. [54] The
studies were typically single site and underpowered to
answer questions related to NEC outcomes. However,
many of the studies support the safety and feasibility of
early colostrum oral care in extremely-low- and very-
low-birthweight infants, [32, 33, 35, 36, 68, 69] and spe-
cifically in intubated babies [68, 69]. Use of colostrum
for oral care impacted other important neonatal out-
comes such as reaching full feeding volume earlier [33],
earlier initiation of enteral feedings and better weight
gain at 36 weeks corrected gestational age, [36] boosts in
immune markers suggesting immune-protection, [68]
and a reduction in the length of stay [67]. At least one
multi-center RCT is in progress and powered to detect
differences in late-onset sepsis, NEC and death outcomes
[71]. In one qualitative descriptive study of mothers with
infants who had congenital diaphragmatic hernia, strong
themes emerged that mothers and family members found
meaning in providing colostrum oral care emphasizing
that it encouraged them to continue pumping their milk
[70]. Although using colostrum for oral care is shown as
very low-risk, it is not clear from the studies what the op-
timal duration or dose is. In the studies reviewed, colos-
trum oral care was typically started by 48 h of age and
continued for 2–5 days. No clinical studies support using
DHM for oral care at this time because none are available.

Recommendations
Based upon immune boosting and benefits to promote
mother’s milk supply, colostrum for oral care is recom-
mended, although its direct effect on NEC has not been
shown (Low quality, probably do it).

4. Implementation strategies to promote human milk
in the NICU

Strength of evidence
There are a multitude of articles and position statements
that unanimously support providing human milk to all in-
fants, but particularly emphasizing the health benefits for
infants born early. A recent cost analysis estimated imple-
mentation gap burden of failing to provide premature in-
fants with adequate volumes of human milk equates to 1.5
billion dollars annually in the US alone [72]. Implementation
guidance is provided by NANN to use a programmatic
approach, recommending Spatz’s Ten Steps to promote
human milk in the NICU [54, 73]. We critiqued the evi-
dence about best implementation strategies to support
mothers of premature infants to provide human milk. While
the overall effectiveness of human milk promotion programs
was shown, few studies were focused on the implementation
science behind them. Overall, they showed that to a whole-
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team approach is needed that systematically and consistently
engages mothers with adequate lactation education, pump-
ing support and assessment of adequate milk supply.

Exemplar programs and related resources
Three implementation programs to promote human milk
in the NICU were selected as exemplars and reviewed by
the subgroup. Each program has videos, education mate-
rials, and education content for staff. Measurement of
program success have shown by increased breast pumping
initiation rates, longer duration of pumping or breastfeed-
ing, higher volumes of milk the infant received, and dem-
onstration that the infant was still receiving human milk
at discharge from the NICU [74, 75, 73]. These programs
consistently engage parents, moving them from bedside
bystanders and validating their essential role on the
healthcare team.

Recommendations
The subgroup recommends several steps be adopted to
initiate organization-level, provider- level and patient level
change to promote human milk and that using a program
supports this multi-layered implementation (Table 2)
[60, 73, 74]. The strength of these recommendations is
based on lower levels of evidence that specifically studied
implementation (Low quality, probably do it). More re-
search is needed using high quality designs to assess effect-
ive implementation strategies on human milk outcomes.

Engaging parents
Parent subgroup members advised that earlier education
about the importance of human milk to help them make
an informed decision about providing human milk be
given and specific guidance on how to bring in, maintain
and monitor milk supply shared. Concerns were raised
about delays to initiate pumping, lack of printed educa-
tion, and materials that did not show women from di-
verse communities (e.g. African American or Hispanic)
breastfeeding. When providing human milk for their
vulnerable infant was being presented as a “choice” ra-
ther than a necessary medical treatment, they experi-
enced angst at receiving mixed messages from the
healthcare team about the importance of human milk.
They recommend that lactation education is started be-
fore delivery and that they are shown how to set up the
breast pump at that time. Fathers were not asked their
perspective but mothers were emphatic that supportive
partners are critical to the “human milk producing
team.” In sum, parents recommended 3 key strategies to
support them to provide human milk: 1) early and often
skin to skin holding, 2) early pumping (i.e. within the
first 6 h, preferably within 2 h), and 3) access to lactation
support regardless of intention to breastfeed.
Standardized feeding protocols
Strength of Evidence
Standardized feeding protocols (SFPs) address a consist-
ent approach to the: 1) initiation and duration of trophic
feeding; [76–79] 2) advancement and fortification of
feeding; [77, 80] 3) criteria to stop and specifying how to
re-start feedings once held; 4) identification and hand-
ling of feeding intolerance; [37, 81, 82] and 5) preferred
feeding substance. Patole and deKlerk conducted a
meta-analysis in 2005 of 6 observational studies showing
reduced risk for NEC of up to 87% for infants <2500 g,
when a feeding protocol is in place, even when formula
was used within the protocol [38]. Studies were hetero-
geneous (p < 0.001) but when looking at studies similar
to each other, pooled risk ratios were more modest (RR
0.71, 95% CI, 0.52 to 0.97) conferring about a 29% reduc-
tion in risk for NEC for infants <1500 g. [38] In 2016, our
team reviewed papers published since the meta-analysis.
When SFPs are used, studies consistently showed lower or
unchanged NEC rates [81–86], with some also showing
reduced late onset sepsis [83], and fewer days of parenteral
nutrition [81, 85]. Weight gain improved after implement-
ing SFPs in some studies [81, 83, 85], and one study
showed less occurrence of bronchopulmonary dysplasia
[81]. No study showed an increase in NEC rates or any
other adverse events. No studies used randomized con-
trolled designs. To pool studies published since 2005 with
the Patole and deKlerk meta-analysis, we applied a ran-
dom effects model combining data from 9 observational
studies (N = 4755 infants <1500 g) [81, 83–85, 87–91].
Figure 3 shows an overall reduced odds of NEC by 67%
(OR = 0.33, 95% CI 0.17, 0.65, p = 0.001) with moderate
heterogeneity across studies (I [2] = 48%) when SFPs are
used. We limited the counts used in this meta-analysis to
those infants <1500 g.
Evidence was not conclusive, and more research is

needed to identify best strategies for holding feedings
when an infant is critically ill (e.g. very hypotensive or
receiving prophylaxis for intraventricular hemorrhage
with indomethacin), or during packed red blood cell
transfusion. Experts did not examine whether continu-
ous or bolus feeding is better. Although further random-
ized, controlled trials would be useful to increase the
quality of evidence supporting SFPs, this type of study
will be difficult to justify and conduct in centers that
already have SFP in place. Pragmatic multi-site clinical
trials that compare effectiveness of one SFP to another
using randomized experimental designs could be useful.

Recommendations
We recommend the use of a unit-approved standardized
feeding protocol based on the magnitude of their effects
to reduce NEC, their low cost, and low risk (Moderate
quality, do it). Details of the protocol itself do not appear



Table 2 Recommendations and Implementation strategies for NEC Prevention

Promoting Human Milk

Clinical Recommendations and GRADE Implementation Strategies

1. Mom’s own milk (MOM) is the preferred first line nutrition for
preterm infants (except for in cases where it is contraindicated).
If no MOM is available, donor human milk (DHM) is preferred
over formula. [High quality, do it]

2. DHM-based fortifier is preferred over bovine based fortifier.
Benefits of human milk based fortifiers outweigh the risks. Can
be cost-effective for the healthcare system, with greater cost
savings likely in higher rate NICUs. Impact of human milk-based
fortifier on growth is inconsistent across studies and growth
should be monitored carefully [Moderate quality, probably do it]

3. There is documented benefit from using colostrum for oral care
to boost immune response and to encourage mothers to sustain
milk production. (Low quality, probably do it).

Adopt a hospital-based policy to support breastfeeding and providing
human milk.
Provide education by OBs and Neonatologists when preterm delivery
is anticipated about the importance of human milk emphasizing immune
as well as nutritional benefit.
Reiterate importance of breastmilk for preemies in a parent handbook
or pamphlet, translated into commonly spoken languages and written
in simple terms.
Support initiation of pumping within 6 h after delivery and offer pumping
at the bedside when possible.
Provide lactation specialist support early (<24 h) and consistently through
the stay.
Educate staff (e.g. post-partum RNs, NICU RNs, Residents) using diverse
training tools.
Use huddles to remind staff about human milk education and goals.
Provide pumps in the hospital and resources to rent pumps at home.
Track initiation of pumping and milk volumes.
Use colostrum for oral care.
Facilitate regular skin to skin care (aka “kangaroo care”).
Offer peer lactation support.
Promote non-nutritive breast feeding when the infant is stable.
Encourage nutritive breast feeding when appropriate and recommend
breast before bottle when possible.
Create a breast feeding plan for discharge.

Standardized Feeding Protocols

Clinical Recommendations and GRADE Implementation Strategies

1. Adopt a unit-approved standardized feeding protocol to reduce
inter-provider variation. [Moderate quality, do it].

2. A multi-disciplinary team should be involved in creating,
implementing and monitoring adherence to the protocol.

Consider “Feeding rounds” as a way to audit and feedback on compliance
with the feeding protocol.
Track initiation of feeds.
Track advancement of feeds.
Track fortification of feedings.
Track growth.
Formalize criteria for identifying and managing feeding intolerance.
Tie feeding protocol to competencies and ongoing staff education.

Timely Recognition of NEC

Clinical Recommendations and GRADE Implementation Strategies

1. Early recognition tools can be beneficial in patient safety efforts.
Validated tools have been shown to differentiate between infants
who get NEC compared to those who do not. [Very low evidence,
probably do it]

Consider risk tool to use at the unit level (e.g. GutCheckNEC, NeoNEEDS
or eNEC).
Use a structured communication script (e.g. Situation-Background-
Assessment-Recommendation; SBAR method) to communicate when
NEC is suspected and to focus assessment.
Educate parents about warning signs of NEC and preventive measures
verbally and with printed materials (e.g. pamphlets) written in a way
parents can easily understand. Optimal timing for this education is when
initiating, advancing, or adding fortification to feeding.
Use medically accurate terminology when communicating with parents
(e.g. “necrotizing enterocolitis” vs. “tummy problems”, etc.)
Communicate baby’s risk factors to parents and emphasize why human
milk is important to help prevent NEC and that they play an important
role in NEC prevention.
Empower parents and nurses to speak up when concerned.

Medication stewardship

Clinical Recommendations and GRADE Implementation Strategies

1. Avoid use of H2 blockers within the first 120 days of life (enteral
or parenteral) [Moderate quality, don’t do it]

2. Restrict empiric antibiotic use to 4 days or less for infants without
positive blood cultures or clinical suspicion of infection [Moderate
quality, don’t do it]

Specify, adopt and automate prescribing guidelines for antibiotics that
require a specific number of doses to be ordered.
Adopt electronic alerts that warn the clinician that an H2 blocker is
ordered and that it increases the risk for NEC.
Communicate at handoffs about the date and time antibiotics should
be stopped.
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Table 2 Recommendations and Implementation strategies for NEC Prevention (Continued)

Collaborate with pharmacists and integrate electronic alerts into electronic
health record to remind clinicians to stop unnecessary antibiotics.
Educate hospital personnel (e.g. neonatology, nursing, physician trainees)
on recently published guidelines.
Participate in antibiotic stewardship and regional collaborative organizations
in multidisciplinary teams.
Evaluate change by measuring the adherence to protocol and the number
and % of infants who received prolonged antibiotics or H2 blockers.
Create and share a report on findings within the local NICU.
Give feedback to clinicians on their adherence to the medication stewardship
guidelines in a way that is timely, individualized, not punitive, and customizable.
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as important as reducing inter-provider variation [38, 92].
A SFP should be adopted at the NICU level (i.e. all
providers agree to its components) and address: 1) when to
initiate and how long to give trophic feeding (typically 10–
20 mL/kg/day for 48–72 h); 2) schedules to advance and
then fortify feeding (e.g. typically increasing calories by add-
ing fortifier at 22 kcal/oz. after reaching 80–100 mL/kg/day
and increasing to 24 kcal/oz. after reaching 120 mL/kg/
day); 3) criteria for stopping and restarting feeding (e.g. if a
unit decides to hold feeding during blood transfusion, indo-
methacin, etc.); 4) prioritized fresh human milk (MOM 1st,
DHM 2nd, preterm formula 3rd); and 5) criteria to identify,
and manage feeding intolerance. Best outcomes across
studies appear to be shown when a multi-disciplinary team
is involved in creating, implementing and monitoring
adherence to the protocol. Guidance on components of
effective protocols has been published by ASPEN [77] and
the California Perinatal Quality Collaborative [83, 93].
Based on group consensus and recommendations from
published papers, [81, 83, 91, 94] several SFP implementa-
tion strategies are recommended (see Table 2).

Timely NEC recognition
Beginning signs of NEC occur at approximately 2–4 weeks
of age, often when infants have experienced multiple en-
counters with multiple clinicians [10, 95]. Information rele-
vant to recognizing NEC is contained in many places in the
medical record, making it a challenge for clinicians to
Fig. 3 Pooled effects of standardized feeding protocol on odds of NEC
integrate into their assessments. Nurses and parents often
recognize NEC first, but when symptoms are mild or non-
specific, treatment delays can occur if communication is
unclear or when symptoms are not considered in the
context of NEC risk factors [45]. The timely recognition
subgroup evaluated biomarkers, bedside monitoring tech-
niques, and information-based tools to assess NEC risk and
addressed ways to engage families in the process. Although
timely recognition was the goal of the subgroup, based on
review of evidence the focus shifted to what was possible to
support timely recognition because it is not clear from the
evidence to what extent early recognition is possible. In
other inflammatory disease processes, the longer the time
to treatment the more severe the illness becomes and the
more difficult it is to treat it.

Strength of evidence
Given the purpose of identifying strategies to adopt in clin-
ical practice, this group evaluated what is currently most
available and feasible to implement. Based on a focused
literature search in 2015, several promising noninvasive
biomarkers were identified but none appeared widely avail-
able for clinical use outside of a research protocol [96, 97].
Bedside monitoring tools to evaluate intestinal perfusion
changes did not include guidelines to make them readily
implementable [98–100]. Risk scores found in 2015 to
promote NEC risk awareness include eNEC™ [45, 101],
NeoNEEDS [102], and GutCheckNEC [44, 45]. No tool
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showed perfect prediction but all showed promise to differ-
entiate between infants who got NEC compared to those
who did not. Implementation of NeoNEEDS showed a shift
towards fewer severe NEC cases as more “suspected NEC”
was identified. eNEC has been clinically tested in a QI
project with high inter-rater agreement and positive impact
on increasing knowledge of nurses about NEC risk factors
[45, 101]. GutCheckNEC was tested with the most infants
and showed robust prediction for NEC leading to surgery
(AUC = 0.84, 95% CI 0.82–0.84) or death (AUC = 0.83,
95% CI 0.81–0.85) but its ability to discriminate medical
NEC was marginal [44, 45].
Much discussion in this group centered on communi-

cation strategies and ways to engage parents as timely
recognition partners. Review of evidence on communica-
tion strategies that support patient safety and rescue
protocols showed that structuring communication (e.g.
at the change of shift or handoff of care from clinician
to clinician or when a nurse calls a physician or NNP)
can support clarity and reduce communication failures
[103–105]. An international study of families’ experi-
ences around NEC communication conducted by the
NEC Society identified that information about NEC was
most often shared verbally and primarily at the time of
diagnosis [106]. Very few parents received anticipatory
guidance about warning signs to watch for, preventive
strategies they could take, or how different treatments
may increase their risk. Parents expressed the great need
to be believed when they saw their child “not acting
right” and bore the guilt of not advocating for their baby
when the outcomes were poor [106]. The subgroup
agreed that it would be helpful to have a tool to share
with parents but did not want to scare parents or expose
them to unnecessary stress and worry. In contrast, par-
ents firmly believed that clinicians should share critical
information with parents instead of avoiding doing so
for fear of scaring them.

Recommendations
Timely recognition tools can support consistent communi-
cation and are shown beneficial in patient safety efforts.
Validated tools have been shown to differentiate between
infants who get NEC compared to those who do not.
Benefits of using them is likely to outweigh risks although
more research is needed (Very low evidence, probably do it)
[44, 101, 102]. Structuring communication when NEC is
suspected in tandem with adopting a risk score was the
most implementation-ready strategy to support timely rec-
ognition. Such a risk scoring system can also be used to
educate staff about NEC risk factors and cue attention to
times (e.g. day of life and contexts) when NEC is most
prevalent. We recommend that tools like GutCheckNEC,
eNEC or NeoNEEDS be coupled with a focused assessment
tool that is organized using a Situation-Background-
Assessment-Recommendation (SBAR) format. More re-
search is needed on ways to implement biomarkers and
bedside monitoring (e.g. NIRS) into routine practice.

Engaging parents
Parents should be empowered to speak up when they
think their baby is not acting right for several reasons in-
cluding that they know their infant best, they are the most
consistent bedside caregiver, and they have the most to lose.
Further, parents should be educated on warning signs that
signal a change. The group discussed at length the best
timing to discuss the symptoms of NEC with parents. The
consensus was that discussions could occur when human
milk education is given, when feedings are started, ad-
vanced, and changed. If signs of feeding intolerance arise,
discussions about warning signs of NEC can be addressed.
Throughout the discussions, emphasis can be placed on
what parents can do to help prevent NEC (e.g. provide
human milk) and what the team is doing to watch for it.
When parents raise concern that their infant is not acting
right, including parent concern as part of a focused assess-
ment tool can support nurse to provider communication.
As part of this subgroup’s activities, a website was devel-
oped to share tools created to engage parents including vid-
eos, pamphlets (also in Spanish) and links to diverse family
support resources (see http://neczero.nursing.arizona.edu/).
A focused assessment tool that combines GutCheckNEC

with an SBAR script to support communication when con-
cerns arise is also available at this website.

Medication stewardship
This subgroup worked to address questions related to
prolonged antibiotic therapy, barriers to limiting anti-
biotic therapy, and implementation and monitoring of
antibiotic and H2 blocker stewardship to prevent NEC.

Strength of evidence
Three multi-site observational studies in the US (23 NICUs,
combined N = 4716 infants) have addressed the role of an
extended initial course of antibiotics on risk for NEC [39,
40, 107]. Cotten and colleagues evaluated a prolonged
course of antibiotics as a measure of risk associated with
each additional antibiotic day with an exclusive focus on in-
fants born weighing <1000 g [39]. The other 2 studies in-
cluded infants <1500 g with one applying a case-control
approach in a single NICU [40], and the second evaluating
a cohort of 3 NICUs from a state network over 4 years
[107]. Two excluded studies compared those who received
no antibiotics compared to those who did for early empiric
therapy but did not evaluate the impact of a prolonged
course of antibiotics [108, 109]. Consistently, all 3 studies
showed an increasing odds of NEC or death after 4 days of
empiric antibiotics when blood cultures were negative
[39, 40, 107]. The decision to restrict antibiotics can

http://neczero.nursing.arizona.edu/
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address markers of inflammation as well as the presence
of a negative blood culture because not all infected babies
will have positive blood cultures [110].
Evidence addressed risk of NEC with H2 antagonists

came from a systematic review with meta-analysis of 2 co-
hort studies (N = 11,346, <1500 g) [111]. When pooling the
two studies [41, 42], they found significant heterogeneity
(I [2] = 73%) but an increased odds of NEC when gastric
acid inhibitors (proton pump inhibitors) or H2 receptor
blockers (ranitidine, famotidine or cimetidine) were given
parenterally or enterally before NEC (OR = 1.78, 95% CI
1.4, 2.27, p < 0.00001). They judged the risk of bias to be
low to moderate using the Newcastle-Ottawa scale.

Recommendations
The subgroup recommends judicious antibiotic use to
4 days or less for infants without positive blood cultures or
clinical suspicion of infection (Moderate quality, don’t ex-
ceed 4 days of antibiotics unless highly suspected or proven
infection) [39, 40, 107, 112]. When ordering empiric antibi-
otics, a stop-date or a specific number of doses should be
ordered. Use of H2 blockers increases the odds of NEC and
sepsis [111] and should be avoided (Moderate quality, don’t
do it). This group identified ampicillin and gentamicin as
the first choice treatment for early onset newborn sepsis
[113], restricting higher order cephalosporin use (e.g. cefo-
taxime and cefepime) to select cases [112]. Preferred dur-
ation of therapy was for 48 h to rule out infection based on
evidence that showed each additional antibiotic day confers
an increased risk of NEC or death [39, 40]. Individual
groups may choose to adopt restrictions from longer than
48 h but these should be limited to less than 5 days.

Implementation strategies
The group identified several barriers to implementing a
restrictive approach to antibiotics and H2 blockers. These
included a concerning clinical presentation, such as re-
spiratory distress, cardiovascular instability, or abnormal
lab indices. [114] Using a sepsis calculator may be useful,
however current tools are only validated for infants
>34 weeks [115, 116]. Clinicians may not be knowledgeable
about current recommendations so their practice may not
reflect current best evidence. In busy units where attention
is focused on cardio-respiratory crises; it is possible that
discontinuing antibiotics (a routine task) may be over-
looked. If between-shift handoffs are unstandardized, fail-
ing to communicate a plan to discontinue antibiotics is
more likely. To overcome these barriers, several implemen-
tation strategies are described in Table 2.

Discussion
NEC remains a chief threat to the survival and health of
premature infants in spite of the evidence available to re-
duce its incidence. Implementation guidance, toolkits,
and strategies to engage parents are needed to forward
improvement efforts. Prioritizing a human milk diet was
best supported by evidence, position statements, and
stakeholder input. While a specific feeding protocol could
not be recommended, the group agreed that using a feeding
protocol is evidence-based. Two new meta-analyses con-
ducted as part of this scoping review supported the protect-
ive effect of a DHM-based fortifier and feeding protocols to
reduce odds of NEC. Avoiding >4 days of antibiotics for the
initial empiric course after birth and avoiding any exposure
to histamine-2 antagonist medications was recommended.
This scoping review engaged expert stakeholders to

review evidence focused on answering key questions and
make recommendations to prevent and support timely
recognition of necrotizing enterocolitis. Four subgroups
reviewed evidence from 11 position statements and 71
research publications. Discussion about the evidence
yielded 29 actionable recommendations and guidance on
implementation strategies. This approach engaging national
experts with local clinicians and parent representatives was
consistent with recommendations for designing trustworthy
clinical practice guidelines laid out by the National
Academy of Medicine and others [16–19]. A geographic-
ally diverse expert group yielded a real-world approach to
implementation of NEC prevention strategies. Evidence
was strongest for promoting a human milk diet, use of a
unit-adopted standardized feeding protocol and limiting
exposures to unnecessary antibiotics and H2 blockers in
early life. Timely recognition continues to be studied as
risk tools are refined but the current state of evidence
justifies a “probably do it” recommendation because of the
potential for benefit, low risk, and support for consistent
communication to strengthen patient safety in other areas.
In upcoming years, we anticipate more information will
be available to support a broad approach to timely recog-
nition. In the meantime, engaging families and structuring
assessments and communication when NEC is suspected
could strengthen prompt diagnosis and quick action.
Although we reviewed evidence for holding feeding

during blood transfusion, the group did not achieve con-
sensus on best approaches because evidence was incon-
sistent in 2015. Anemia appears to underlie the risk for
NEC with transfusion [117, 118]. Transfusion thresholds
differ, few have transfusion protocols in place, and address-
ing confounders that reduce NEC like feeding protocols
and human milk exposiure is not consistent. Experts rec-
ommended that if a neonatal group chose to hold feeding
during transfusion, they should agree to how they will do
so, integrate it into the feeding protocol, and address cri-
teria to restart feeding. The approach taken in the multi-
site QI project was to hold the feeding only during the
transfusion, not advance the feeding volume on the day of
the feeding and avoid fortifiers on that day- with significant
reduction in the most severe NEC across 8 NICUs [119].
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To balance the strengths of this project, we should also
address its limitations. Using a scoping review vs. a system-
atic review approach had the potential to miss important
evidence in the literature. We cannot be certain that we
included all of the relevant literature. However, we were
able to satisfy a diverse group of 20 experts to answer key
questions about how to prevent NEC and support its
timely recognition using feasible, implementation ready
strategies. In an individual NICU’s process to adopt
evidence-based interventions this work is typically done
by <5 busy clinicians who may find our results helpful
to their efforts. We did not engage parents specifically
whose children did not get NEC as experts, which may
have limited the generalizabilty to all parents. However,
the processes useful to prevent NEC are also those that
support neonatal health broadly (e.g. avoiding excessive
antibiotic exposure, promoting a human milk diet and sup-
porting healthy team communication and risk awareness).

Conclusion
Stakeholders maintained engagement when they were
organized around the task of answering key questions
and agreed to actionable, feasible and evidence-based
strategies to foster NEC prevention and timely recognition.
Implementation strategies addressed staff education, parent
engagement, early discussions, structuring communication,
integrating reminders into electronic health record systems,
and using audit and feedback mechanisms. Partnering
national experts with local experts and ensuring that clin-
ical and parent perspectives were sought yielded balanced,
focused, and feasible implementation strategies that any
NICU could implement today to drive their incidence of
NEC to zero.
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