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Background: Despite an increasing necrotizing enterocolitis (NEC) incidence, treatment strategies have
failed to make major advancements towards improved NEC outcomes. Heterogeneity in outcome
reporting and a lack of treatment efficacy studies potentially hamper these advancements. We aimed to
analyze outcome reporting in recent interventional NEC studies.
Methods: We performed a systematic review identifying interventional studies on NEC between 1st of
January 2016 and 1st of June 2023 in MEDLINE, Embase, CENTRAL and Cochrane reviews. Systematic
reviews, clinical trials and change-in-practice cohort studies reporting any therapeutic intervention for
NEC patients (Bell's stage � IIa) were eligible. We excluded studies on NEC diagnostics or prevention and
non-English publications. Outcomes were categorized into five core areas and presented descriptively.
The review was registered with PROSPERO (CRD42022302712).
Results: Out of 1.642 screened records, 65 were eligible for full-text review and 15 were finally included
for data extraction. Median number of reported outcomes per article was six (range 1e19). We identified
66 unique outcomes, which were mapped to 53 outcome terms. Thirty-four out of the 53 of the outcome
terms (64%) were only reported in a single article. Mortality was the most reported outcome (11/15
articles, 73%). Core area ‘Adverse outcomes’ contained the most outcome terms (n ¼ 19), whereas ‘Life
impact’ contained the least outcome terms (n ¼ 4) and was represented in 3 articles (20%).
Conclusions: Considerable heterogeneity in outcome reporting and a paucity of outcomes concerning
‘Life impact’ exist in interventional NEC studies. Development of a NEC core outcome set may improve
consistency and patient-relevance in outcome reporting.
Study Type: Systematic Review and Meta-Analyses.
Level of Evidence: III.
© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Advancements in neonatal care and changes in guidelines for
resuscitation of neonates have led to an increasing population of
very and extremely preterm neonates, adding to the incidence of
necrotizing enterocolitis (NEC) [1]. Despite research efforts over the
last decades, infants suffering from NEC still face a mortality rate of
21e35%, with worse outcomes for those needing surgical man-
agement [1e4]. Survivors of NEC may suffer from long-term
morbidity such as short-bowel syndrome and neurodevelopmental
delay in up to 75% of cases [5]. Hence, the need for novel treatments
for the improvement of NEC outcomes continues to rise.
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Over the past decade, treatment of NEC has failed tomakemajor
advancements affecting outcome [1], possibly due to a lack of
treatment efficacy studies in this vulnerable patient population. In
addition, the multifactorial nature of NEC leads to a plethora of
possible outcomes to report in treatment efficacy studies. Published
NEC treatment studies reported heterogenous outcomes, which
may not always be relevant to clinicians, scientists or patients and
their families. This heterogeneity significantly hampers meta-ana-
lyses, as highlighted in a recent systematic review on NEC [4].
Consequently, wide variation in management strategies is main-
tained and it remains hard to establish evidence-based guidelines
and consistently optimize outcomes for infants with NEC.

Outcome reporting in efficacy studies may be improved by
establishing a core outcome set (COS) for a certain medical condi-
tion [6,7]. A COS entails a recommended set of essential outcome
measures to be reported in studies concerning a tested intervention
for a medical condition. This COS is established through a stan-
dardized consensus process consisting of several survey rounds and
a consensus meeting, where the importance of multiple outcomes
is scored by all relevant stakeholder groups involved, including
family representatives (Delphi method) [8]. A COS allows the input
of patients and their family, which is crucial for the societal rele-
vance of future research [9]. Uptake of COS outcomes in treatment
efficacy trials is feasible [10], and ensures that a minimum set of
standardized outcomes are reported in studies on a certain pa-
thology or treatment. Hence, relevancy of reported outcomes for
multiple stakeholders (clinicians, scientists, patients and family) is
safeguarded and study results of treatment efficacy studies are
likely to be more comparable for systematic reviews (qualitatively)
and meta-analyses (quantitatively).

Presently, no such COS for NEC (NECCOS) exists. As a first step
towards establishing an international NECCOS, we aimed to iden-
tify the outcomes reported in recent literature on NEC. In this
systematic review we analyze and summarize outcome reporting
in studies investigating any intervention aimed at improving
outcome of NEC patients.

2. Methods

This systematic review was conducted in accordance with the
PRISMA guidelines for systematic reviews (Supplement 1) [11] and
was registered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO: CRD42022302712), where the pro-
tocol and data collection form template are available.

2.1. Eligibility criteria

Included study types were: systematic reviews (with or without
meta-analysis), clinical trials (including randomized and/or
controlled trials) and cohort studies including at least ten patients.
All studies had to report on the efficacy of any therapeutic inter-
vention aimed at the improvement of NEC outcome. For cohort
studies, we considered change-in-practice studies as interventional
(i.e., comparing before and after introduction of an intervention or
protocol). We defined the study population as infants diagnosed
with NECmodified Bell's stage� IIa. Studies starting intervention in
a NEC population up to two weeks after initial diagnosis were
included.

To ensure contemporaneity of the reported outcome measures,
we only included articles published in January 2016 or later, which
also included trials performed prior to 2016 but published in or
after 2016.We excluded studies not published in English, studies on
NEC diagnostic techniques or prevention, conference abstracts,
registered protocols of trials and studies for which no full-text
report was available.
2.2. Search strategy

In consultation with an academic medical information
specialist, we composed a search strategy for the following data-
bases: MEDLINE, Embase, Cochrane Central Register of Controlled
Trials (CENTRAL) and the Cochrane Database of Systematic Reviews
(CDSR) (Supplement 2). The last search was conducted on the 1st of
June 2023 for all databases. The general search terms are displayed
in Table 1. We identified database specific search terms for NEC and
included study types (e.g. clinical trial, systematic review) from the
respective thesauri and exploded terms where applicable. We
generated free text search words for each search subject including
commonly used variations and combined search terms and free
text using Boolean operators. Searches were limited to a publica-
tion date from January 2016 onwards. In MEDLINE and Embase an
additional search string excluded animal studies and case reports,
for Embase conference abstracts were excluded.
2.3. Study selection

Studies were screened independently by title and abstract by
two reviewers (OCvV and DHK) using the systematic review tool
Rayyan [12]. Papers considered potentially relevant by either
reviewer were included for critical full-text screening against the
eligibility criteria. Subsequently, the final set of eligible studies was
determined through consensus between the two reviewers. Upon
disagreement, the discussion was resolved with a third reviewer
(JBFH). The reference lists of included systematic reviews were
searched for any relevant studies missed.
2.4. Data extraction & synthesis

Extraction of data was conducted in duplicate and indepen-
dently by two reviewers (OCvV and DHK). For each included study,
we extracted publication year, country, study design, intervention
type, population size and all outcomes. We recorded all the re-
ported outcome measures with their respective definition, unit
and time point if applicable. Outcomes were also recorded as
primary or secondary. An outcome had to be stated as ‘primary
outcome’ in the full-text report or stated in the aim as the single
measure of intervention effect to be recorded as primary. Specif-
ically stated baseline characteristics (e.g., birth weight, mode of
delivery) were not considered outcome measures and thus not
extracted.

Outcomes were mapped to a single ‘outcome term’ when: 1)
they were described as a single outcome item (e.g., ‘intraoperative
complications’ includes ‘intraoperative hemorrhage’, ‘intra-
operative death’), or 2) they were similar but with a different
definition (e.g., ‘Mortality at 30 days’ and ‘Mortality at discharge’
were grouped under ‘Mortality’). Described definitions of out-
comes were compiled. Each outcome term was categorized in
accordance with the Core Outcome Measures in Effectiveness
Trials (COMET) taxonomy and the OMERACT Filter 2.0; frame-
works safeguarding relevancy of outcomes in different domains
for COS [13,14]. These taxonomies both apply the core areas
‘Death’, ‘Physiological or Clinical’ (or ‘Pathophysiological mani-
festations’), ‘Life Impact’, ‘Adverse Events’ and ‘Resource Use’.
Each extracted outcome term was assigned to one of these areas
and the number of studies and the frequency of reporting an
outcome in each core area was determined. All data are presented
descriptively in tables and graphs where appropriate. Formal
statistical analysis is inappropriate considering the qualitative
nature of the extracted data.



Table 1
Search strategy: general search terms and limits per database.

Database Search terms Limiting criteria

MEDLINE necrotizing enterocolitis/necrotising enterocolitis
clinical trials/clinical study/controlled study/randomized controlled trial/treatment
outcome/outcome/systematic review/meta-analysis

� Publication date 2016 or later
� No animal studies or case reports

Embase necrotizing enterocolitis/necrotising enterocolitis
clinical trial/clinical study/controlled study/randomized controlled trial/clinical
outcome/outcome assessment/outcomes research/outcome/systematic review/meta-analysis

� Publication date 2016 or later
� No animal studies, case reports, conference abstracts

Cochrane Library necrotizing enterocolitis/necrotising enterocolitis � Publication date 2016 or later
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3. Results

A flow diagram of the study selection process is displayed in
Fig. 1. A total of 2.617 titles were retrieved through our search
strategy, including 1.279 PubMed, 1.019 Embase, 288 CENTRAL and
31 Cochrane Reviews articles. After deduplication and removal of
91 records published before 2016, 1.642 records were screened and
65 records were full-text reviewed. The reasons for exclusion at
screening comprised: preventive study or no infants with NEC in
the study population (n¼ 685); diagnostic study or no intervention
(n ¼ 465); wrong publication type (e.g., commentary, narrative
review, survey, conference abstract) (n ¼ 397); and non-English
publication (n ¼ 36). For 60 full-text reviewed records consensus
was reached between the two reviewers, for five records the third
reviewer was consulted to agree upon inclusion or exclusion. From
Fig. 1. Article selection displayed
the 65 full-text reviewed records, six were excluded because no
report was retrievable. Another 44 articles were excluded because
no interventionwas applied (n¼ 24), the primary study population
was not NEC patients with Bell's stage � IIa (n ¼ 11) or the publi-
cation type-criterion was not met (n ¼ 7). One article was excluded
because it focused on pharmacology and biochemical effects of a
medicine rather than NEC outcome, and one article was excluded
due to the lack of NEC-related outcomes in a phase I safety and
feasibility study [15,16].

Fifteen articles [17e31] met our eligibility criteria and under-
went data extraction (Table 2). Included studies were published
between 2017 and 2023, originated from a total of eight countries
(United States, Canada, Armenia, Italy, Brazil, China, Denmark,
France) and comprised eight systematic reviews
[17e20,22,24,28,30], five cohort (change in practice) studies
in the PRISMA flow diagram.



Table 2
Characteristics of included studies.

First author Publication
year

Country of
origin

Study
design

Intervention type
studied

Stated primary
outcome

Number of NEC-related outcomes
reported

Sample
size

Haricharan [17] 2017 USA SR Surgery Yes 2 616
Hock [18] 2018 Canada SR Feeding Yes 7 91
Pammi [19] 2019 USA SR Medication Yes 9 NA (0)a

Van Heesewijk
[20]

2020 USA SR Surgery Yes 7 16.288

Quiroz [21] 2020 USA Cohort Surgery Yes 8 108
Patel (2020) [22] 2020 USA SR Feeding Yes 5 229
Harutyunyan [23] 2020 Armenia Cohort Medication Yes 4 200
Don�a [24] 2021 Italy SR Antibiotics No 4 3.161
Blakely [25] 2021 USA RCT Surgery Yes 19 308
Gonçalves-Ferri

[26]
2021 Brazil Cohort Hypothermia Yes 5 43

Liu [27] 2022 China RCT TDP® Yes 10 103
Gill [28] 2022 Denmark SR Antibiotics Yes 15 375
Patel (2022) [29] 2022 USA Cohort Feeding Yes 6 50
Li [30] 2022 China SR Surgery Yes 1 3280
Montalva [31] 2023 France Cohort Surgery Yes 6 77

NEC, necrotizing enterocolitis; USA, United States of America; SR, systematic review; RCT, randomized controlled trial; TDP®, trade name of medical electromagnetic device
[27].

a This SR did not identify any studies meeting their eligibility criteria.
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[21,23,26,29,31], and two randomized controlled trials [25,27]. The
types of interventions studied included surgery (n ¼ 6), feeding
practices (n ¼ 3), antibiotic treatment (n ¼ 2), treatment with
medication (n ¼ 2), hypothermia (n ¼ 1), and electromagnetic
wave therapy (n ¼ 1). Median sample size in the studies was 215
(range 43e16.288) for a total of 24.929 infants. One systematic
review did not identify any eligible studies for its search strategy
[19], and therefore sample size extraction was not applicable for
this included article.

3.1. Reported outcomes

A total of 66 unique outcomes were extracted from 15 articles,
which were mapped to 53 outcome terms (Table 3). Specifically,
multiple outcomes were included in the terms ‘postoperative C-
reactive protein trend’ (DCRP post-op day (POD)-0 and POD-2; CRP
on POD-7), ‘postoperative surgical complications’ (wound infec-
tion/dehiscence, stoma prolapse, parastomal hernia, fistula,
abdominal culture, intestinal stricture, intra-abdominal abscess),
‘intraoperative complications’ (intraoperative cardiopulmonary
resuscitation, hemorrhage and death) and ‘duration of parenteral
nutrition’ (time to initiation of enteral feeding, time to full enteral
feeding). The median number of outcome terms reported per
article was six (range 1e19).

The different units and time points for each outcome term, as
reported in the articles, are displayed in Supplement 3. Outcomes
that were further defined within articles or had varying definitions
between articles are shown in Table 4. The most frequently re-
ported outcome termwasmortality in 11 (73%) articles, followed by
duration of parenteral nutrition in eight (53%) articles and length of
hospital stay in seven (47%) studies. Notably, the most reported
outcomes (mortality and duration of parenteral nutrition) had the
most variable definitions. Of all 53 outcome terms, 34 (64%) were
only reported in a single article rather than in multiple articles.
Remaining outcome terms were reported in two or more included
articles. Mortality was also the outcome term most commonly
specified as primary outcome, in eight (57%) articles. One article did
not specify a primary outcome [24].

Each of the outcome terms (n ¼ 53) was assigned to one of five
core areas. Core area ‘Adverse events’ contained the most outcome
terms (n ¼ 19). The number of outcome terms for the other areas
were 17 for ‘Physiological or clinical’, 11 for ‘Resource use’, four for
‘Life impact’ and two for ‘Mortality’. The core area ‘Adverse events’
also had the highest overall frequency of reporting per core area
(n ¼ 34 times reported, divided over all papers), followed by
‘Resource use’ (n¼ 30) and ‘Physiological or clinical’ (n¼ 24) (Fig. 2,
Table 3). Core area ‘Mortality’ was frequently reported overall
(n ¼ 12) despite containing only two outcome terms (mortality,
survival), whereas ‘Life impact’ was reported six times over all ar-
ticles while containing four outcome terms. Each core area was
represented in 12 (80%) or more articles, with the exception of ‘Life
impact’ which was only represented in three articles (20%)
[18,19,25]. Just two articles (13%) reported at least one outcome in
each of the five core areas [19,25].

4. Discussion

We analyzed outcome reporting in recent interventional studies
on NEC. We found 66 unique outcomes in 15 included articles,
which were mapped to 53 outcome terms and categorized into five
core areas. Additionally, we reported units and time points for
outcome terms and the varying outcome definitions encountered
in the reviewed articles. We found notable heterogeneity, as 34 out
of 53 (64%) outcome terms were only reported in a single article
rather than in multiple articles. Among the plethora of outcomes,
core area ‘Life impact’was underrepresentede a core area that may
be considered especially relevant to patients and their families.

Previous analyses on outcome reporting in appendicitis, gas-
troschisis and Hirschsprung's disease, also found wide heteroge-
neity in reported outcomes [32e34]. In our study on NEC,
heterogeneity might even be greater with 66 unique outcomes
found in 15 articles, compared to 62 unique outcomes in 30 articles
in a previous study on gastroschisis outcome reporting [34]. This
heterogeneity hampers effective data synthesis in systematic re-
views and meta-analyses [4], but also hinders interpretation and
comparison of current evidence by treating physicians. With NEC,
being a rare disease often studied in small numbers of patients,
effective and valid data synthesis is crucial to establish evidence-
based guidelines. Hence, our findings support the urgency to
develop a COS and reduce reporting heterogeneity.

We found that outcomes concerning ‘Life impact’were reported
in just three studies. Other studies consistently show this core area
to be underrepresented in current outcome reporting [32,33]. This
may be explained by a lack of patient and parent involvement in



Table 3
Reported outcome terms categorized by core area.
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design of the included studies. Moreover, clinicians tend to focus on
the safety and efficacy of a treatment, which is mostly covered by
well-represented core areas such as ‘Adverse events’ and ‘Mortal-
ity’. Initiatives such as COMET, but also patient charities and soci-
eties, strongly encourage involvement of patients and family in
future research [8,9]. Previously established pediatric COS showed
that patient and parent involvement in COS development is feasible
and allows their input to define (patient-) relevant outcomes in
pediatric diseases [35,36]. It is considered a valuable addition by
both researchers and patients and their family [37].

The strength of this study is that current limitations in outcome
reporting in NEC treatment efficacy studies are exposed. This in-
cludes a lack of consistent outcome reporting and a lack of patient
and parent involvement, impeding both accurate evidence com-
parison and patient-relevancy of outcomes. In our systematic re-
view we included multiple publication types such as cohorts, and
non-randomized non-controlled clinical trials, ensuring a broad
representation of outcome reporting in recent NEC treatment
literature. This review forms the basis for development of a COS for
NEC; a consensus-based set of important outcomes for consistent
future reporting. It also supports involvement of patient and par-
ents, to increase outcomes focusing on life impact.

Despite our focus on interventional studies, certain included
systematic reviews contained observational studies besides clinical
trials and one did not identify any interventional studies meeting
its eligibility criteria. This can be seen as a limitation. However, we
considered inclusion appropriate if the systematic review analyzed
an intervention aimed at improvement of NEC outcome, since we
presume that reported outcomes of this review were formulated
based on the studied intervention. The time period of the system-
atic review from 2016 onwards, chosen in the light of contempo-
raneity, may be considered another limitation. To ensure no



Table 4
Definitions of outcomes and variations.

Mortality (n ¼ 10)
- All-cause mortality during hospital stay and at 28 days [19]
- All-cause and NEC-related mortality according to results of autopsy and histology [23]
- Death within 30 days after NEC diagnosis or anytime if related to extensive bowel resection [26]
- Death at 18e22 months corrected age [25]
Not explicitly defined (n ¼ 7)
Central line-associated blood stream infection (CLABSI) (n ¼ 3)
- Diagnosed using Centers for Disease Control and Prevention criteria (clinical signs of sepsis, one positive peripheral blood culture, negative urine, tracheal aspirate
cultures) [18]

- CLABSI as defined within each study were incorporated within the meta-analysis [22]
- CLABSI was defined as confirmed bloodstream infection with a central line in place on the day or day before the event [29]
Need for surgery (n ¼ 2)
- Signs of intestinal perforation or significant clinical worsening of the patient's general condition despite maximal clinical therapy or positive paracentesis [26]
Not explicitly defined (n ¼ 1)
Neurodevelopmental impairment (n ¼ 3)
- Neurodevelopment delay as assessed by a validated test [19]
- 1) Moderate to severe cerebral palsy with Gross Motor Function Classification System level 2; 2) Bayley-III cognitive composite score <85; 3) severe bilateral visual
impairment consistent with vision <20/200; 4) permanent hearing loss despite amplification that prevents communication or understanding the examiner [25]

Not explicitly defined (n ¼ 1)
Postoperative surgical complications (n ¼ 2)
- Wound infection/dehiscence, bleeding, stoma prolapse, parastomal hernia, fistula, positive abdominal culture, other [21]
- Wound dehiscence, intestinal stricture, fistula, intra-abdominal abscess, other [25]
Intestinal perforation (n ¼ 4)
- Diagnosed by abdominal X-ray [23]
- Confirmed by surgical findings [26]
Not explicitly defined (n ¼ 2)
Intraoperative complications (n ¼ 1)
- Intraoperative hemorrhage, cardiopulmonary resuscitation or death [25]
Duration of parenteral nutrition (n ¼ 8)
- Time required to reach full enteral feeding [18,22,25e29] Further defined as 140 mL/kg/d [29] or 150 mL/kg/d [18]
- Time to re-initiation of enteral feeds after nil per os for NEC [22,29] Further defined as trophic feeds up to 20 mL/kg/d [29]
- Duration of parenteral nutrition [25]
- Duration of total parenteral nutrition [20]
Additional operations (n ¼ 2)
- Rescue laparotomy, delayed closure, creation of ostomy, ostomy closure, bowel stricture resection, PDA ligation [21]
- Early surgical reintervention (within 30 days postoperatively), late surgical reintervention (after 30 days postoperatively) [31]

CLABSI, central line-associated blood stream infection; NEC, necrotizing enterocolitis; PDA, patent ductus arteriosus.
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important outcomes were missed, a non-systematic screening of
interventional NEC studies published before 2016 was conducted.
This screening mostly yielded outcomes that can be mapped to our
reported outcome terms, with the exception of two clinical scores:
the modified SOFA score and an organ failure score (Supplement 4).
Fig. 2. Representation of core areas in outcome reporting. (A) Frequency of outcomes repor
Diagnostic and preventive studies were excluded from our re-
view, even though they form a considerable part of scientific pub-
lications on NEC. We justified this by our prespecified aim to focus
on treatment studies on confirmed NEC as a first step towards a
tailored NECCOS. The limited number of treatment efficacy studies
ted per core area. (B) Number of articles reporting at least one outcome for a core area.
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identified by our systematic review highlights the relative paucity
of treatment trials for NEC. Yet, studies on novel treatment strate-
gies are crucial to advance outcomes of infants suffering from NEC.
A NECCOS focused on outcomes for treatment efficacy studies may
stimulate more volume and consistency for this study type.

5. Conclusion

Considerable heterogeneity exists in outcome reporting of
interventional NEC studies over the last seven years. In addition,
there is a paucity of outcomes in the core area ‘Life impact’. Our
findings imply hampering of evidence interpretation, meta-ana-
lyses for evidence-based guidelines and comparison by clinicians.
Future research on treatment efficacy for NEC should report
consistent outcomes, and include more outcomes in the ‘Life
impact’ area that may be especially relevant to patients and par-
ents. These findings justify the commitment to developing a COS
for NEC.
Previous communication

Not applicable.

Conflicts of interest

All authors have no conflict of interest to declare.

Financial support statement

OC van Varsseveld was financially supported by the Junior Sci-
entific Masterclass of the University of Groningen. The open access
article processing charges were paid through the University of
Groningen open access fund. The funders had no role in study
design, data collection and analysis, decision to publish or prepa-
ration of the manuscript.

Acknowledgements

We thank Sjoukje van der Werf, MSc (Central Medical Library,
University of Groningen, Groningen, the Netherlands) for her
guidance in composing a scientifically accurate search strategy for
the queried databases.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jpedsurg.2023.06.017.

References

[1] Heida FH, Stolwijk L, Loos MH, van den Ende SJ, Onland W, van den
Dungen FA, et al. Increased incidence of necrotizing enterocolitis in The
Netherlands after implementation of the new Dutch guideline for active
treatment in extremely preterm infants: results from three academic referral
centers. J Pediatr Surg 2017;52(2):273e6.

[2] Frost BL, Modi BP, Jaksic T, Caplan MS. New medical and surgical insights into
neonatal necrotizing enterocolitis: a review. JAMA Pediatr 2017;171(1):
83e8.

[3] Bubberman JM, van Zoonen A, Bruggink JLM, van der Heide M, Berger RMF,
Bos AF, et al. Necrotizing enterocolitis associated with congenital heart dis-
ease: a different entity? J Pediatr Surg 2019;54(9):1755e60.

[4] Jones IH, Hall NJ. Contemporary outcomes for infants with necrotizing
enterocolitis-A systematic review. J Pediatr 2020;220:86e92.e3.
[5] Adams-Chapman I. Necrotizing enterocolitis and neurodevelopmental
outcome. Clin Perinatol 2018;45(3):453e66.

[6] Sinha IP, Altman DG, Beresford MW, Boers M, Clarke M, Craig J, et al. Standard
5: selection, measurement, and reporting of outcomes in clinical trials in
children. Pediatrics 2012;129(Suppl 3):S146e52.

[7] Williamson P, Altman D, Blazeby J, Clarke M, Gargon E. Driving up the quality
and relevance of research through the use of agreed core outcomes. J Health
Serv Res Policy 2012;17(1):1e2.

[8] Kirkham JJ, Gorst S, Altman DG, Blazeby JM, Clarke M, Tunis S, et al. Core
outcome set-STAndardised protocol items: the COS-STAP statement. Trials
2019;20(1):116.

[9] Canvasser J. Family Reflections: harnessing the power of families to improve
NEC outcomes. Pediatr Res 2020;87(7):1270e1.

[10] Kirkham JJ, Bracken M, Hind L, Pennington K, Clarke M, Williamson PR. In-
dustry funding was associated with increased use of core outcome sets. J Clin
Epidemiol 2019;115:90e7.

[11] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. Syst Rev 2021;10(1):89.

[12] Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and
mobile app for systematic reviews. Syst Rev 2016;5(1):
210.

[13] Dodd S, Clarke M, Becker L, Mavergames C, Fish R, Williamson PR. A taxonomy
has been developed for outcomes in medical research to help improve
knowledge discovery. J Clin Epidemiol 2018;96:84e92.

[14] Boers M, Kirwan JR, Wells G, Beaton D, Gossec L, d'Agostino MA, et al.
Developing core outcome measurement sets for clinical trials: OMERACT filter
2.0. J Clin Epidemiol 2014;67(7):745e53.

[15] Schüller SS, Kempf K, Unterasinger L, Strunk T, Berger A. Intravenous pen-
toxifylline is well tolerated in critically ill preterm infants with sepsis or
necrotizing enterocolitis. Eur J Pediatr 2020;179(8):1325e30.

[16] Zozaya C, Ganji N, Li B, Janssen Lok M, Lee C, Koike Y, et al. Remote ischaemic
conditioning in necrotising enterocolitis: a phase I feasibility and safety study.
Arch Dis Child Fetal Neonatal Ed 2023;108(1):69e76.

[17] Haricharan RN, Gallimore JP, Nasr A. Primary anastomosis or ostomy in
necrotizing enterocolitis? Pediatr Surg Int 2017;33(11):1139e45.

[18] Hock AM, Chen Y, Miyake H, Koike Y, Seo S, Pierro A. Initiation of
enteral feeding after necrotizing enterocolitis. Eur J Pediatr Surg 2018;28(1):
44e50.

[19] Pammi M, Abrams SA. Enteral lactoferrin for the treatment of sepsis and
necrotizing enterocolitis in neonates. Cochrane Database Syst Rev 2019;5(5):
Cd007138.

[20] van Heesewijk AE, Rush ML, Schmidt B, Kirpalani H, DeMauro SB. Agreement
between study designs: a systematic review comparing observational studies
and randomized trials of surgical treatments for necrotizing enterocolitis.
J Matern Fetal Neonatal Med 2020;33(12):1965e73.

[21] Quiroz HJ, Rao K, Brady AC, Hogan AR, Thorson CM, Perez EA, et al. Protocol-
driven surgical care of necrotizing enterocolitis and spontaneous intestinal
perforation. J Surg Res 2020;255:396e404.

[22] Patel EU, Wilson DA, Brennan EA, Lesher AP, Ryan RM. Earlier re-initiation of
enteral feeding after necrotizing enterocolitis decreases recurrence or stric-
ture: a systematic review and meta-analysis. J Perinatol 2020;40(11):
1679e87.

[23] Harutyunyan A, Urlesberger B, Muradyan A, Hovhannisyan M, Badalyan A,
Kalenteryan H, et al. Introducing multi-modal enteral medication reduced
morbidity and mortality associated with necrotising enterocolitis. Acta Pae-
diatr 2021;110(2):458e64.

[24] Don�a D, Gastaldi A, Barbieri E, Bonadies L, Aluvaala J, English M. Empirical
antimicrobial therapy of neonates with necrotizing enterocolitis: a systematic
review. Am J Perinatol 2021;40(6):646e56.

[25] Blakely ML, Tyson JE, Lally KP, Hintz SR, Eggleston B, Stevenson DK, et al.
Initial laparotomy versus peritoneal drainage in extremely low birthweight
infants with surgical necrotizing enterocolitis or isolated intestinal perfo-
ration: a multicenter randomized clinical trial. Ann Surg 2021;274(4):
e370e80.

[26] Gonçalves-Ferri WA, Ferreira CHF, Couto LCA, Souza TR, de Castro Peres T,
Carmona F, et al. Low technology, mild controlled hypothermia for necrotizing
enterocolitis treatment: an initiative to improve healthcare to preterm neo-
nates. Eur J Pediatr 2021;180(10):3161e70.

[27] Liu X, Zhang X, Li L, Wang J, Wu L. Electromagnetic waves can help improve
the rate of increase of milk feeds per day in premature infants with necro-
tizing enterocolitis: a pilot trial. Front Pediatr 2022;10:775428.

[28] Gill EM, Jung K, Qvist N, Ellebæk MB. Antibiotics in the medical and surgical
treatment of necrotizing enterocolitis. A systematic review. BMC Pediatr
2022;22(1):66.

[29] Patel EU, Head WT, Rohrer A, Ryan RM, Lesher AP. A quality improvement
initiative to standardize time to initiation of enteral feeds after non-surgical
necrotizing enterocolitis using a consensus-based guideline. J Perinatol
2022;42(4):522e7.

https://doi.org/10.1016/j.jpedsurg.2023.06.017
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref1
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref1
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref1
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref1
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref1
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref1
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref2
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref2
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref2
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref2
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref3
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref3
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref3
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref3
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref4
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref4
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref4
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref5
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref5
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref5
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref6
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref6
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref6
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref6
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref7
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref7
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref7
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref7
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref8
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref8
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref8
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref9
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref9
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref9
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref10
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref10
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref10
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref10
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref11
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref11
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref11
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref12
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref12
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref12
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref13
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref13
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref13
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref13
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref14
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref14
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref14
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref14
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref15
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref15
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref15
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref15
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref16
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref16
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref16
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref16
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref17
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref17
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref17
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref18
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref18
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref18
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref18
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref19
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref19
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref19
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref20
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref20
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref20
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref20
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref20
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref21
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref21
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref21
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref21
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref22
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref22
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref22
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref22
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref22
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref23
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref23
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref23
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref23
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref23
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref24
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref24
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref24
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref24
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref24
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref25
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref25
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref25
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref25
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref25
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref25
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref26
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref26
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref26
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref26
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref26
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref27
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref27
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref27
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref28
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref28
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref28
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref29
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref29
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref29
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref29
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref29


O.C. van Varsseveld, D.H. Klerk, I. Jester et al. / Journal of Pediatric Surgery 58 (2023) 2105e2113 2113
[30] Li W, Tang J, Zhu Z, Tang W. Initial surgical treatment of necrotizing entero-
colitis: a meta-analysis of peritoneal drainage versus laparotomy. Eur J Pediatr
2022;181(7):2593e601.

[31] Montalva L, Incerti F, Qoshe L, Haffreingue A, Marsac L, Fr�erot A, et al. Early
laparoscopic-assisted surgery is associated with decreased post-operative
inflammation and intestinal strictures in infants with necrotizing enteroco-
litis. J Pediatr Surg 2023;58(4):708e14.

[32] Hall NJ, Kapadia MZ, Eaton S, Chan WW, Nickel C, Pierro A, et al. Outcome
reporting in randomised controlled trials and meta-analyses of appendicitis
treatments in children: a systematic review. Trials 2015;16:275.

[33] Ross AR, Hall NJ. Outcome reporting in randomized controlled trials and
systematic reviews of gastroschisis treatment: a systematic review. J Pediatr
Surg 2016;51(8):1385e9.
[34] Allin BS, Irvine A, Patni N, Knight M. Variability of outcome reporting in
Hirschsprung's Disease and gastroschisis: a systematic review. Sci Rep
2016;6:38969.

[35] Allin BSR, Hall NJ, Ross AR, Marven SS, Kurinczuk JJ, Knight M. Development of
a gastroschisis core outcome set. Arch Dis Child Fetal Neonatal Ed
2019;104(1):F76e82.

[36] Knaapen M, Hall NJ, Moulin D, van der Lee JH, Butcher NJ, Minneci PC, et al.
International core outcome set for acute simple appendicitis in children: re-
sults of a systematic review, delphi study, and focus croups with young
people. Ann Surg 2022;276(6):1047e55.

[37] Vanderhout SM, Smith M, Pallone N, Tingley K, Pugliese M, Chakraborty P,
et al. Patient and family engagement in the development of core outcome
sets for two rare chronic diseases in children. Res Involv Engagem
2021;7(1):66.

http://refhub.elsevier.com/S0022-3468(23)00400-1/sref30
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref30
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref30
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref30
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref31
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref31
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref31
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref31
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref31
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref31
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref32
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref32
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref32
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref33
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref33
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref33
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref33
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref34
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref34
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref34
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref35
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref35
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref35
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref35
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref36
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref36
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref36
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref36
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref36
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref37
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref37
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref37
http://refhub.elsevier.com/S0022-3468(23)00400-1/sref37

	Outcome Reporting in Interventional Necrotizing Enterocolitis Studies: A Systematic Review
	1. Introduction
	2. Methods
	2.1. Eligibility criteria
	2.2. Search strategy
	2.3. Study selection
	2.4. Data extraction & synthesis

	3. Results
	3.1. Reported outcomes

	4. Discussion
	5. Conclusion
	Previous communication
	Conflicts of interest
	Financial support statement
	Acknowledgements
	Appendix A. Supplementary data
	References


