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Abstract
Background: Necrotizing enterocolitis (NEC) is one of the most devastating diseases in the neonatal population, with extremely low birth 
weight and extremely preterm infants at greatest risk. Method: A systematic review of the best available evidence to answer a series of 
questions regarding nutrition support of neonates at risk of NEC was undertaken and evaluated using concepts adopted from the Grading 
of Recommendations, Assessment, Development and Evaluation working group. A consensus process was used to develop the clinical 
guideline recommendations prior to external and internal review and approval by the A.S.P.E.N. Board of Directors. Results/Conclusions: 
(1) When and how should feeds be started in infants at high risk for NEC? We suggest that minimal enteral nutrition be initiated within 
the first 2 days of life and advanced by 30 mL/kg/d in infants ≥1000g. (Weak) (2) Does the provision of mother’s milk reduce the risk of 
developing NEC? We suggest the exclusive use of mother’s milk rather than bovine-based products or formula in infants at risk for NEC. 
(Weak) (3) Do probiotics reduce the risk of developing NEC? There are insufficient data to recommend the use of probiotics in infants at 
risk for NEC. (Further research needed.) (4) Do nutrients either prevent or predispose to the development of NEC? We do not recommend 
glutamine supplementation for infants at risk for NEC (Strong). There is insufficient evidence to recommend arginine and/or long chain 
polyunsaturated fatty acid supplementation for infants at risk for NEC. (Further research needed.) (5) When should feeds be reintroduced 
to infants with NEC? There are insufficient data to make a recommendation regarding time to reintroduce feedings to infants after NEC. 
(Further research needed.) (JPEN J Parenter Enteral Nutr. XXXX;xx:xx-xx)
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Background

Necrotizing enterocolitis (NEC) is one of the most devastating 
diseases in the neonatal population, with extremely low birth 
weight (ELBW) and extremely preterm infants at greatest 
risk.1-3 Data from large, multicenter, neonatal network data-
bases from the United States and Canada report a mean preva-
lence of 7% in infants weighing <1500 g1,4,5 and an estimated 
mortality of 15%–30%,6-8 resulting in an estimated total cost 
up to $1 billion annually in the United States alone.9 NEC is 
classified into clinical stages (I, II, and III) based on the sever-
ity of disease, as proposed by Bell et al in 1978,10 which were 
then modified (IA, IB, IIA, IIB, IIIA, IIIB) to include sys-
temic, intestinal, and radiologic signs by Walsh and Kliegman 
in 1986.11 Although the etiology remains undefined, multiple 
risk factors imply a multifactorial etiology. As gastrointestinal 
integrity and function are compromised in NEC, it is without 
question that nutrition considerations are important in the pre-
vention and management of this disease. These clinical guide-
lines will address enteral nutrition practices, probiotic 
administration, and nutrient supplementation in patients at risk 
for and/or diagnosed with NEC.

Methodology

The American Society for Parenteral and Enteral Nutrition 
(A.S.P.E.N.) is an organization comprising healthcare profes-
sionals representing the disciplines of medicine, nursing, 
pharmacy, dietetics, and nutrition science. The mission of 
A.S.P.E.N. is to improve patient care by advancing the science 
and practice of nutrition support therapy and metabolism. 
A.S.P.E.N. works vigorously to support quality patient care, 
education, and research in the fields of nutrition and metabolic 
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support in all healthcare settings. These Clinical Guidelines 
were developed under the guidance of the A.S.P.E.N. Board of 
Directors. Promotion of safe and effective patient care by 
nutrition support practitioners is a critical role of the A.S.P.E.N. 
organization. The A.S.P.E.N. Board of Directors has been pub-
lishing Clinical Guidelines since 1986.12-23 The A.S.P.E.N. 
Clinical Guidelines editorial board evaluates in an ongoing 
process when individual Clinical Guidelines should be 
updated.

These A.S.P.E.N. Clinical Guidelines are based upon gen-
eral conclusions of health professionals who, in developing 
such guidelines, have balanced potential benefits to be derived 
from a particular mode of medical therapy against certain risks 
inherent with such therapy. However, the professional judg-
ment of the attending health professional is the primary com-
ponent of quality medical care. Because guidelines cannot 
account for every variation in circumstances, the practitioner 
must always exercise professional judgment in their applica-
tion. These Clinical Guidelines are intended to supplement, but 
not replace, professional training and judgment.

A.S.P.E.N. has adopted concepts of the Grading of 
Recommendations, Assessment, Development and Evaluation 
(GRADE) working group (http://www.gradeworkinggroup.org) 
for development of its clinical guidelines. The GRADE working 
group combined the efforts of evidence analysis methodologists 
and clinical guidelines developers from diverse backgrounds 
and health organizations to develop an evaluation system that 
would provide a transparent process for evaluating the best 
available evidence and integration of the evidence with clinical 
knowledge and consideration of patient priorities. These proce-
dures provide added transparency by developing separate grades 

for the body of evidence and for the recommendation. The pro-
cedures listed below were adopted from the GRADE process for 
use with A.S.P.E.N. Clinical Guidelines with consideration of 
the levels of review (by internal and external content reviewers, 
by the A.S.P.E.N. Board of Directors).

A rigorous literature search is undertaken to locate clinical 
outcomes associated with practice decisions in the population 
of interest. Each pertinent paper is appraised for evidence qual-
ity according to research quality (randomization, blinding, 
attrition, sample size, and risk of bias for clinical trials24 and 
prospective vs retrospective observation, sample size, and 
potential bias for observational studies) and placed into an evi-
dence table. A second table is used to provide an overview of 
the strength of the available evidence according to the clinical 
outcomes, in order to support a consensus decision regarding 
the guideline recommendation. If the evidence quality is high, 
it is unlikely that further research will change our confidence 
in the estimate of effect. With moderate grade evidence, further 
research is likely to modify the confidence in the effect esti-
mate and may change the estimate. With low grade evidence, 
further research is very likely to change the estimate, and with 
very low evidence quality, the estimate of the effect is very 
uncertain. A clinical recommendation is then developed by 
consensus of the Clinical Guidelines authors, based on the best 
available evidence. The risks and benefits to the patient are 
weighed in light of the available evidence. Conditional lan-
guage is used for weak recommendations. For further details 
on the A.S.P.E.N. application of GRADE, see the “Clinical 
Guidelines for the Use of Parenteral and Enteral Nutrition in 
Adult and Pediatric Patients: Applying the GRADE System to 
Development of A.S.P.E.N. Clinical Guidelines.”24

Table 1. Nutrition Support Guideline Recommendations for Neonatal Patients at Risk for Necrotizing Enterocolitis

Question Recommendation Grade

When and how should feeds be started in 
infants at high risk for NEC?

We suggest that minimal enteral nutrition should be initiated 
within the first 2 days of life and advanced by 30 mL/kg/d in 
infants ≥1000 g.

Weak

Does the provision of mother’s milk reduce 
the risk of developing NEC relative to 
bovine-based products or formula?

We suggest the exclusive use of mother’s milk rather than bovine-
based products or formula in infants at risk for NEC.

Weak

Do probiotics reduce the risk of developing 
NEC?

There are insufficient data to recommend the use of probiotics in 
infants at risk for NEC.

Further research 
needed

Do certain nutrients either prevent or 
predispose to the development of NEC?

We do not recommend glutamine supplementation for infants at 
risk for NEC.

There is insufficient evidence at this time to recommend arginine 
and/or long-chain polyunsaturated fatty acid supplementation 
for infants at risk for NEC.

Strong

Further research 
needed

When should feeds be reintroduced to infants 
with NEC?

There are insufficient data to make a recommendation regarding 
time to reintroduce feedings to infants after NEC.

Further research 
needed

Abbreviation: NEC, necrotizing enterocolitis.

 by guest on August 24, 2012pen.sagepub.comDownloaded from 

http://pen.sagepub.com/


A.S.P.E.N. Clinical Guidelines / Fallon et al	 3

For the current Clinical Guideline, the search term necrotiz-
ing enterocolitis was used in PubMed with inclusion criteria 
including infants (birth to 23 months); humans; clinical trial; 
randomized controlled trial; case reports; clinical trial: phase I, 
phase II, phase III, phase IV; comparative study; controlled 
clinical trial; guideline; journal article; multicenter study; 
English language; and published within the last 10 years. The 
search was conducted on April 21, 2011. The questions are 
summarized in Table 1. For questions 1 and 3, an additional 
limitation of randomized controlled trial was implemented due 
to the plethora of literature on these topics. For questions 2, 4, 
and 5, pertinent literature within the past 10 years, without 
restriction to evidence type, was included. A total of 1335 
abstracts were reviewed, of which 24 papers met the inclusion 
criteria of the Clinical Guidelines and were included.

Practice Guidelines and Rationales

Question 1: When and how should feeds be started in 
infants at high risk for NEC (Tables 2 and 3)?

Recommendation: We suggest that minimal enteral 
nutrition be initiated within the first 2 days of life and 
advanced by 30 mL/kg/d in infants ≥1000 g.

Grade: Weak
Rationale: Several randomized controlled trials (RCTs) 

have been conducted to gain insight into the optimal time of 
initiation and rate of advancement of enteral nutrition in 
infants at risk for NEC. Of the studies reviewed, 2 of 1025,26 
evaluated NEC (Bell’s stage ≥II) as the primary outcome, 
whereas the remaining studies predominantly evaluated feed-
ing tolerance and/or time to achievement of full enteral nutri-
tion with NEC as a secondary outcome measure. With regard 
to the timing of initiation of EN, one RCT25 evaluated the 
effect of early (≤5 days; median 2 days) vs delayed (≥6 days; 
median 7 days) initiation of minimal enteral feeding (MEF) in 
infants with an age-adjusted birth weight (BW) ≤10th percen-
tile and intrauterine growth restriction (IUGR). No difference 
in the incidence of NEC between groups was found, although 
it was concluded that a larger sample size would be needed to 
adequately evaluate for an effect. Two RCTs27,28 evaluated the 
effect of MEF vs nil per os (NPO) status within the first week 
of life with feeds beginning at a median age of 2 days in 
<1000-g and <2000-g infants, respectively, and found no sig-
nificant differences in the incidence of NEC. For these studies, 
the quantity associated with MEF was ≤12 mL/kg/d.

Three RCTs29-31 evaluated the effect of slow (15–20 mL/
kg/d) vs rapid (30 mL/kg/d) enteral nutrition advancement to a 
goal rate of between 150 and 180 mL/kg/d and found that rapid 
advancement was well tolerated by infants with an average BW 
1000–2000 g without an increased incidence of NEC. In these 
studies, enteral nutrition was initiated at a median age of 6 
hours29 or 2 days.30,31 However, these studies were not powered 
to detect statistically significant differences in the incidence of 
NEC. In addition, it is important to note that hemodynamic 

instability can impact feeding practices, and thus, discretion 
should be employed under these circumstances. Last, one 
RCT26 evaluated the effect of stable (20 mL/kg/d) vs advancing 
(20 mL/kg/d to goal 140 mL/kg/d) feeding volumes for a 
10-day period following the initiation of enteral nutrition and 
found a significantly higher incidence of NEC in infants fed 
advancing volumes. Due to the high incidence of NEC in the 
advancing group (10% vs 1.4%), the study was prematurely ter-
minated. It is important to recognize that a major difference in 
this study compared with the previous RCTs29-31 is that enteral 
nutrition was initiated later in life, the timing of which was at 
the discretion of the neonatologist. Specifically, the earliest age 
of feed initiation was 4 days with a median age of 9.5 days in 
infants who developed NEC and 11 days for infants in the 
advancing group who developed NEC. This is a potentially 
important confounding variable, making the interpretation of 
these study results complicated and to be taken with caution.

Although the majority of these aforementioned studies have 
recommended larger, multicentered prospective trials to fur-
ther evaluate questions on enteral nutrition initiation and 
advancement, based on the available data, early MEF within 
the first 2 days of life and advancement at 30 mL/kg/d in 
infants ≥1000 g can be suggested.

Question 2: Does the provision of mother’s milk reduce 
the risk of developing NEC relative to bovine-based prod-
ucts or formula (Tables 4 and 5)?

Recommendation: We suggest the exclusive use of 
mother’s milk rather than bovine-based products or formula 
in infants at risk for NEC

Grade: Weak
Rationale: The type of enteral nutrition administered to 

an infant at risk for NEC is important. Several studies have 
focused on whether the administration of human milk results in 
a reduction in the incidence of NEC compared with formula 
feeding. These studies used mother’s milk (MM) with the 
exception of one,32 which fed infants pasteurized donor milk 
(DM) if MM was unavailable. Exclusive feeding with MM is 
associated with a decreased risk of NEC as compared with pre-
term formula (PF).33 As a substitute for MM, pasteurized DM 
has not been found to have any protective effect over PF with 
regard to the incidence of NEC,34 but feeding with MM and/or 
DM has been found to be associated with a decreased risk of 
NEC as compared with a combination of MM and/or DM and 
bovine milk (BOV)–based products.32 It is important to note 
that the source of enteral nutrition was explicitly evaluated; 
supplementation with milk fortifier was not evaluated. With 
respect to the quantity of MM administered, one prospective 
cohort study35 found enteral nutrition with ≥50% MM within 
the first 14 days was associated with a 6-fold decreased risk of 
NEC. An observational study36 found the amount of daily MM 
(1 to ≥50 mL/kg/d) fed through week 4 of life had no effect on 
the incidence of NEC. Based on the available data, exclusively 
fed MM has been shown to be beneficial in the prevention of 
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NEC and is therefore recommended over formula feeding. It is 
unclear whether the amount and/or timing of MM administered 
have an effect on the incidence of NEC, and therefore no rec-
ommendation regarding the optimal dose of MM can be made.

Question 3: Do probiotics reduce the risk of developing 
NEC (Tables 6 and 7)?

Recommendation: There are insufficient data to recom-
mend the use of probiotics in infants at risk for NEC.

Grade: Further research needed
Rationale: There has been much debate over the admin-

istration of oral probiotics in the prevention of NEC. Seven 
RCTs evaluating the use of prophylactic probiotics in preterm 
and very low birth weight (VLBW) infants met inclusion crite-
ria for these guidelines. NEC, defined as Bell’s stage ≥II, was 
the primary end point in 6 of 7 studies.37-42 The type of bacte-
ria, dosage, frequency, and duration of treatment varied widely 
across studies. One study evaluated the effect of a probiotic 
with MM vs MM alone,40 whereas 2 studies evaluated the 
effect of a probiotic with human milk (HM; MM or DM) vs 
HM alone,37,42 and 3 studies evaluated the effect of a probiotic 
with MM or formula vs MM or formula alone.39,41,43 One 
study38 specifically compared the effect of killed probiotic 
(KP) vs living probiotic (LP) Lactobacillus acidophilus on the 
incidence of NEC and found no difference in the incidence of 
NEC between groups; LP and KP were both found to be pre-
ventative against NEC in comparison to a placebo group, with 
KP retaining similar benefits to live bacteria with no adverse 
effect. All 7 RCTs demonstrated a lower incidence of NEC in 
the group of infants who received probiotics as compared with 
those who did not receive probiotics, although 1 of 7 studies43 
did not demonstrate statistical significance between groups. 
Although the implementation of a “probiotic” resulted in a 
lower incidence of NEC across studies, it is important to 
emphasize that these studies used different types of probiotics, 
with some administering a combination of probiotics.37,39-42 It 
is additionally important to mention that there is no Food and 
Drug Administration (FDA) approval to date for routine use of 
these products. Further studies are necessary to determine the 
most effective type(s) of probiotic, dosage, and duration of 
treatment; thus, no recommendation on the use of probiotics in 
infants at risk for NEC can be made at this time.

Question 4: Do certain nutrients either prevent or predis-
pose to the development of NEC (Tables 8 and 9)?

Recommendation: We do not recommend glutamine 
supplementation for infants at risk for NEC. There is insuf-
ficient evidence at this time to recommend arginine and/or 
long-chain polyunsaturated fatty acid supplementation for 
infants at risk for NEC.

Grade: Strong (glutamine); further research needed 
(arginine, long-chain polyunsaturated fatty acids)

Rationale: A review of the literature suggests that cer-
tain nutrients may reduce the incidence of NEC, whereas 

others may actually predispose infants to NEC. With 
respect to amino acids (AA), recent literature has focused on 
the effect of arginine and glutamine supplementation on the 
incidence of NEC. The plasma arginine and asymmetric 
dimethylarginine (ADMA, a metabolic by-product of pro-
tein modification processes) concentrations as well as the 
arginine:ADMA ratio have been found to be lower in prema-
ture infants with NEC, which have subsequently been shown 
to be associated with an increased mortality.44 Although 
there is not an abundance of literature, one RCT45 focuses on 
the effect of prophylactic L-arginine supplementation (1.5 
mmol/kg/d), the results of which suggest that supplementa-
tion may be effective in reducing the overall incidence of 
NEC. Of note, the results of this study must be taken with 
caution as the sample size was small and results demon-
strated no difference in the reduction of Bell’s stage ≥II. 
Glutamine supplementation has additionally been evaluated 
in one large, well-conducted RCT, and no statistically sig-
nificant difference in the incidence of NEC between supple-
mented and nonsupplemented groups was found.46 Apart 
from individual amino acid supplementation, the administra-
tion of AA in parenteral nutrition (PN) has additionally been 
studied. In a comparative pre- and postintervention study,47 
early AA administration was associated with an increased 
incidence of surgical NEC in VLBW infants. Last, fatty acid 
supplementation was evaluated in one RCT48; this study 
demonstrated a slightly increased incidence of NEC (5.3% 
vs 2%) in long-chain polyunsaturated fatty acid (LCPUFA)–
supplemented (fat mixture containing linoleic, α-linolenic, 
and γ-linolenic acids) compared with nonsupplemented 
infants, although the difference between groups was not sta-
tistically significant. Based on the aforementioned studies, 
there is limited research on AA/fatty acid administration and 
supplementation, and it remains an important area for future 
research. However, based on the available literature, argi-
nine supplementation may be effective, although the evi-
dence is underpowered, whereas glutamine supplementation 
does not appear to prevent NEC, and LCPUFA supplementa-
tion may predispose infants to NEC. Therefore, although 
glutamine supplementation is not recommended for infants 
at risk for NEC, there is insufficient evidence to recommend 
arginine and/or LCPUFA supplementation at this time.

Question 5: When should feeds be reintroduced to 
infants with NEC (Tables 10 and 11)?

Recommendation: There are insufficient data to make a 
recommendation regarding time to reintroduce feedings to 
infants after NEC.

Grade: Further research needed
Rationale: There is no standard recommendation as to 

when enteral nutrition should be reinitiated after a defini-
tive diagnosis of NEC. Historically, it has been suggested that 
a period of fasting from 10 days to 3 weeks should be observed 
prior to the reintroduction of enteral nutrition for an infant with 
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NEC; however, these recommendations are not founded on 
scientific data. It is without question that practices vary greatly 
among institutions and physicians. It has been suggested that 
prolonged fasting may actually be detrimental due to the 
potential need for prolonged central venous access and PN, 
and has prompted some institutions to introduce early feeding 
regimens in infants with NEC. To date, the literature on the 
impact of early feeding regimens is limited. In fact, only 2 ret-
rospective reviews met the inclusion criteria for these guide-
lines. Both of these studies suggest that, for infants with 
Bell’s stage II NEC, early feeding regimens may actually have 
potential beneficial effects, including a reduced incidence of 

catheter-related sepsis and post-NEC intestinal stricture for-
mation as well as shorter time to full enteral nutrition and 
shorter hospitalization. It is important to note that both studies 
have serious limitations given their retrospective nature, and 
both are underpowered to assess the impact of early enteral 
nutrition on NEC recurrence, a very important outcome vari-
able. Although these studies suggest that prolonged fasting 
periods traditionally recommended for infants with NEC may 
not be necessary, further prospective and randomized con-
trolled trials are necessary before recommendations can  
be made as to when feeds should be reintroduced in infants 
with NEC.

(Text continues on p. 17.)
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