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AbstrACt
Introduction Enhanced Recovery After Surgery (ERAS) 
guidelines integrate evidence-based practices into 
multimodal care pathways designed to optimise patient 
recovery following surgery. The objective of this project 
is to create an ERAS protocol for neonatal abdominal 
surgery. The protocol will identify and attempt to bridge the 
gaps between current practices and best evidence. Our 
study is the first paediatric ERAS protocol endorsed by the 
International ERAS Society.
Methods A research team consisting of international 
clinical and family stakeholders as well as methodological 
experts have iteratively defined the scope of the protocol 
in addition to individual topic areas. A modified Delphi 
method was used to reach consensus. The second phase 
will include a series of knowledge syntheses involving a 
rapid review coupled with expert opinion. Potential protocol 
elements supported by synthesised evidence will be 
identified. The Grades of Recommendation, Assessment, 
Development, and Evaluation (GRADE) system will be used 
to determine strength of recommendations and the quality 
of evidence. The third phase will involve creation of the 
protocol using a modified RAND/UCLA Appropriateness 
Method. Group consensus will be used to rate each 
element in relation to the quality of evidence supporting 
the recommendation and the appropriateness for guideline 
inclusion. This protocol will form the basis of a future 
implementation study.
Ethics and dissemination This study has been registered 
with the ERAS Society. Human ethics approval (REB 
18–0579) is in place to engage patient families within 
protocol development. This research is to be published in 
peer-reviewed journals and will form the care standard for 
neonatal intestinal surgery.

IntroduCtIon
background
The care of children undergoing surgery pres-
ents physiological and sociological challenges 
that are different from those encountered 

in the care of adults. Neonates constitute 
a particularly complex patient population 
due to small blood volume, temperature 
instability, immature immune systems, nutri-
tional needs for growth and healing and the 
inability to verbally communicate among 
others.1 Furthermore, there is considerable 
variability in perioperative care in neonatal 
surgery, which is believed to contribute to 
adverse outcomes.2 3 

Enhanced Recovery After Surgery (ERAS) 
guidelines are innovative tools differing 
from other evidence-based guidelines as 
they encompass multiple aspects of patient 
care in the preoperative, intraoperative and 
postoperative periods, are used by a multidis-
ciplinary care team and have strong imple-
mentation frameworks. The holistic approach 
of ERAS protocols in multiple subspecialties 

strengths and limitations of this study

 ► This protocol outlines the development of the first 
paediatric Enhanced Recovery After Surgery (ERAS) 
guideline with unique areas of topic development, 
for example, parental involvement.

 ► The aims and targets of this study were developed 
by an international panel of experts and stakehold-
ers including parents.

 ► The methods include systematic literature reviews 
and evaluation, offering a potential standard for fu-
ture ERAS guideline generation informed by robust 
methodology.

 ► This study has integrated knowledge translation 
through endorsement and ongoing engagement 
with the International ERAS Society.

 ► Several care pathway elements will have little evi-
dence or evidence of low quality.
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such as colorectal and other intra-abdominal surgical 
specialties have been shown to improve health outcomes 
by decreasing complications and length of stay (LOS), 
translating to a reduction in healthcare costs.1 4–8

There have been few attempts to introduce ERAS into 
the paediatric surgical setting, none of which have been 
designed for the neonatal population.9 10

Audit is an important component of any ERAS 
programme. Using a tailored database (eg, RedCap) or 
the ERAS Interactive Audit System, teams review their 
compliance to the ERAS guideline recommendations 
during the preimplementation phase and then iterate 
towards improved compliance. This iterative cycle trans-
lates to improved clinical outcomes.11

The ERAS Society adopts evidence-based practices 
by integrating perioperative interventions for optimal 
patient recovery following a surgical procedure. We have 
developed our approach in partnership with the ERAS 
Society as well as family and clinician stakeholders.

relevance
Intestinal obstruction in a newborn is a frequent indi-
cation for surgical intervention with an estimated inci-
dence of neonatal intestinal obstruction of 1:1500 live 
births. Neonatal patients undergoing surgery are at high 
risk of surgical site infections (SSIs), with an observed 
SSI incidence rate of 4% in clean surgeries and a rate 
as high as 19% in dirty surgeries.12 Complications such 
as SSIs lead to increased length of stay and impairment 
of growth and development.13 In addition, two-thirds 
of neonatal patients undergoing intestinal resection 
are likely to require unanticipated reoperation within a 
year of their initial surgery.14 Our team has recognised 
that these adverse outcomes likely represent a knowl-
edge-to-action gap in the surgical care of these newborns. 
This study will address the gap by synthesising the current 
evidence on best practices surrounding neonatal abdom-
inal surgery and devise a comprehensive ERAS guideline 
that is designed to reduce the need for reoperation and 
enhance the overall quality, efficiency and safety of care 
for this fragile patient population while increasing parent 
satisfaction.

Anticipated impact
The development of an ERAS guideline has the poten-
tial to translate the benefits of protocolised care seen in 
the adult population to the vulnerable neonatal popula-
tion as well as identify key knowledge gaps that must be 
addressed to further improve care. The evidence-based 
guideline resulting from this research will be imple-
mented in a pilot study in the care of neonatal patients 
undergoing abdominal surgery at the Alberta Children’s 
Hospital in Calgary, Alberta, Canada, and the Hospital 
for Sick Children in Toronto, Ontario, Canada. Roughly 
10% of neonatal surgical patients suffer at least one post-
operative adverse event in Canada.15 Compliance with 
ERAS guideline elements will be measured prospectively 
and attitudes and acceptability of the guideline will be 

measured through clinician and parent surveys and inter-
views. Secondary measures will include clinical outcomes, 
such as nutritional outcomes, complication rates and 
length of stay, that will be compared within a time series 
analysis during ERAS guideline implementation. Data 
derived from the pilot study will be used to refine the 
neonatal ERAS guideline and develop an international 
trial to evaluate the impact of this guideline on clinical 
outcomes and measures of resource utilisation.

objectives
This project aims to create an ERAS guideline that will 
reduce adverse events, enhance quality of care, increase 
parent satisfaction and improve the efficiency of neonatal 
surgical healthcare delivery.

MEthods And AnAlysIs
Establishment of a multidisciplinary team
This research represents a collaborative effort between a 
core research team, an international guideline committee 
and a group of subject matter experts. Dr Mary Brindle, 
director of the Efficiency, Quality, Innovation and Safety 
(EQuIS) research platform, supports this project in part-
nership with Dr Gregg Nelson, secretary of the Inter-
national ERAS Society. The EQuIS research group is 
dedicated to improving the quality of care delivered to 
paediatric surgical patients in Calgary, in Canada and 
internationally.

The international guideline committee consists of 
a multidisciplinary international panel of individuals 
involved in the surgical care of neonates, with represen-
tation from Canada, USA, Sweden, UK and China. Panel 
selections were based on clinical expertise, expertise in 
knowledge synthesis and expertise in ERAS methods. The 
international guideline committee is composed of the 
following: Megan A Brockel, MD, Paediatric Anesthesiol-
ogist, USA; David DeBeer, Consultant Paediatric Anaes-
thetist, UK; Martin Offringa, MD, PhD, Neonatologist, 
Canada; Mehul V Raval, MD, MS, Paediatric Surgeon, USA; 
Erik Skarsgard, MD, MSc, Paediatric Surgeon, Canada; 
Paul Wales, MD, MSc, Paediatric Surgeon, Canada; Tomas 
Wester, MD, PhD, Paediatric Surgeon, Sweden; and 
Kenneth Wong, MD, PhD, Paediatric Surgeon, China. 
Subject matter experts represent the areas of nutritional 
care, physiotherapy/occupational therapy and nursing. 
Parent representatives will be involved in the framing 
of recommendations and the design of implementation 
strategies post tool development.

study design
This study involves knowledge synthesis, quality assess-
ment and expert consensus to generate an international 
ERAS guideline. Knowledge synthesis will be performed 
using rapid literature review and snowballing to synthesise 
the current evidence base supporting various elements of 
neonatal perioperative care. The most relevant research 
evidence will be summarised, and the quality of the evidence 
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will be evaluated. The resulting synthesis will be used to 
generate evidence-supported recommendations. These 
recommendations will be assessed for ERAS guideline inclu-
sion through group consensus including broad stakeholder 
involvement and following clearly established principles. 
These final recommendations will take the form of an ERAS 
guideline. This ERAS guideline and its implementation 
strategy will be assessed for clinical effectiveness within a 
future pilot trial at Alberta Children’s Hospital (ACH). The 
results from this trial will be used to further adapt the care 
pathway and implementation strategy for an ERAS Society 
supported international trial.

scope determination
The international panel was invited to attend as many 
as three International ERAS Neonatal Teleconferences 
to define the scope and topics for the guideline. All 
members attended at least one teleconference. Two of 
these teleconferences occurred in June of 2017 and one 
in July of 2017. Teleconferences were moderated by the 
senior leader (MEB). The opinion of all participants was 
obtained. The three areas for discussion included the 
scope of the target population, the scope of the condi-
tions for inclusion and the general list of topics for 
consideration as ERAS elements. Final decisions on scope 
and topics were made in an iterative fashion based on 
majority consensus and total group agreement. Detailed 
field notes were compiled for each session.

A modified Delphi method was used to reach consensus 
for topic inclusion within each area of inquiry by10n 
panellists. Each panellist was sent an email survey 
regarding target population, conditions and topics 
and was asked to rate the ‘Agreement of Inclusion into 
Guideline’ based on a nine-point scale where nine was 
completely agree and one was completely disagree. ERAS 
topics that had an overall median panel score of greater 
or equal to seven were included. Topics with a score of 
1–3 were excluded. Topics with a score between 4 and 6 
were further discussed within the group and decision for 
inclusion was based on group consensus.

The final target population determined was the term 
neonate defined as an infant born at or after 37 weeks 
without major comorbidity undergoing intestinal surgery 
within the first 4 weeks of life. All 10 panellists agreed 
on this definition (eight rating 9/9, one rating 8/9 and 
one rating 7/9). Residual areas for further consider-
ation included the definition of major comorbidity. The 
final decision of the group was that intestinal resections 
including stomas in term neonates would be considered 
for inclusion. All 10 panellists agreed on this (seven rating 
9/9, two rating 8/9 and one rating 7/9).

Based on previous ERAS literature supplemented with 
expert opinion, a working list of perioperative topics was 
generated. Topics were selected that could generate poten-
tial recommendations for inclusion within the guidelines. 
Proposed topics were emailed to the international panel. 
Panel members were also invited to provide other topics that 
could be included. An environmental scan of the evidence 

surrounding each topic was provided to all participants to 
supplement discussion about the necessity of each topic. 
Each panellist discussed their perspective on the relevance 
of the topic for inclusion, and the list of topics were once 
again sent to panellists for review to achieve consensus. Each 
rater provided a rating of necessity for inclusion for each 
topic on a nine-point scale.

The final topics identified for recommendation devel-
opment were: parental involvement (especially discharge 
planning), antimicrobial prophylaxis and skin prepara-
tion, perioperative communication and team structure, 
standard anaesthetic protocol and perioperative fluid 
management, postoperative vomiting/nasogastric intu-
bation, preventing intraoperative hypothermia/tempera-
ture control, urinary drainage, postoperative nutritional 
care, the role of physiotherapy/occupational therapy, 
surgical practices, optimal haemoglobin levels, postop-
erative analgesia, management of transitional circulation 
and postoperative skin care/stoma care. The topics that 
were eliminated were those of antenatal management 
and location of surgery. Overall, inter-rater reliability 
across topics was excellent for absolute agreement with 
an interclass correlation of 0.95 (95% CI 0.91 to 0.98)

literature search
Evidence searching within each topic area was 
performed using a modification of the systematic 
review process described within Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(Preferred Reporting Items for Systematic Review and 
Meta-Analysis Protocols checklist showing modifica-
tions to the process included in online supplementary 
material). Depending on expertise and preference, 
each topic was assigned to one or two members to 
perform a literature search. Within each topic, poten-
tial ERAS elements or target questions were selected 
following a predetermined (deductive) consensus, 
as well as a literature screen (inductive) to identify 
unanticipated areas of inquiry. A targeted search 
strategy for each topic was developed in collaboration 
with a research librarian. Target databases included 
MEDLINE and CINAHL for select topics. The struc-
tured search was supplemented by the members 
pursuing each topic with further focused literature 
searches, citation searching, a review of personal 
archives, as well through contact with experts to obtain 
important published and unpublished information. 
Each topic produced between 200 and 500 abstracts. 
Titles were catalogued using EndNote software. The 
search strategies aimed to obtain the most relevant 
and important studies but not necessarily generate 
a completely comprehensive review of the literature. 
Table 1 provides a sample of the root terms and topics 
used to create a specific search for nutritional care.

study selection
The library of titles and abstracts for each topic were 
screened using Rayyan QCRI, a web-based systematic 
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review application,16 by international guideline committee 
members and their respective teams to identify poten-
tially relevant articles. Discrepancies in judgement were 
resolved by a third reviewer. Meta-analyses, systematic 
reviews, randomised controlled studies, non-randomised 
controlled studies, reviews and case series were all consid-
ered for each individual topic (eligibility criteria outlined 
in table 2). Studies were primarily restricted to those in 
the English language; however, important papers written 
in a language understood by other members of the team 
were also considered.

study quality assessment and data synthesis
Subtopics were identified deductively and inductively within 
each topic by each team and were catalogued along with a 
summary of the evidence supporting proposed ERAS recom-
mendations. For example, within the topic area of preven-
tion of intraoperative hypothermia, predetermined areas 
for inquiry included: target temperature range for neonates 
undergoing surgery, recommended environmental inter-
ventions to reduce hypothermia and recommended direct 
and indirect therapies to maintain normothermia.

Table 2 Eligibility criteria

Inclusion criteria

Study design Meta-analyses, OR systematic reviews, OR published guidelines or protocols, OR randomised 
control studies, OR non-randomised control studies OR reviews, OR case series.

Population Term neonate patients, gestational age (≥37 weeks).
Population without any major multicomorbidities.
Excluded are: population with abdominal wall defects (gastroschisis and omphalocele); 
population with necrotising enterocolitis.

Type of surgery Surgery performed in the first 4 weeks of life. For appropriate subtopics (eg, nutrition), studies 
will be restricted to intestinal resection procedures (intestinal repair, colon resection, bowel 
resection, laparoscopic resection, small bowel resection, colectomy and partial colectomy), OR 
stoma/ostomy, OR anastomoses.

Intervention
(for ERAS Recommendation)

Satisfies the following ERAS elements:
 ► An action/intervention that can be performed in the preoperative, intraoperative or 
postoperative period prior to discharge from hospital.

 ► An action/intervention that has an evidence-supported link to a measurable improvement in 
clinical outcome or system efficiency.

 ► An action/intervention that, despite good evidence of benefit, is inconsistently performed.
 ► An action/intervention that is simply defined and applied.
 ► An action/intervention that is easily measured as having been completed.

ERAS, Enhanced Recovery After Surgery.

Table 1 Planned search strategy for postoperative nutritional care topic

Population Procedure Topic

Neonatal Intestinal resection surgery Reinitiating feeds 

Neonate Intestinal resections Introduction of feeds 

Neonates Colon resection Advancing feeds 

Neonatology Bowel resection Feed progression 

Infant Laparoscopic resection Feeding methods 

Infants Small bowel resection Enteral nutrition 

Newborn Colectomy Enteral feeding 

Newborns Partial colectomy Oral feeding versus tube feeding 

Infant and newborn Anastomoses and surgical Elemental formula versus semielemental 

37 weeks Intestinal repair Continuous feeds 

Term birth Digestive system surgical procedures Bolus feeds 

Gestational age Ileostomy Nutrition assessment 

Bowel surgery Optimal growth 

Surgical stoma Optimal nutrition 

Stoma Adequate nutrition 

Ostomy Nutritional intake 
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Initial systematic searches of MEDLINE and CINAHL 
were performed on 17 December 2017. Subsequent 
targeted searches of the peer-reviewed literature were 
performed within each topic based on the development of 
subtopics. Additional searches of the grey literature were 
also performed. The dates of these subsequent searches 
will accompany the search strategies for all recommenda-
tion when the ERAS guideline is published. Screening of 
titles and abstracts and full texts was performed by each 
group exploring each topic (paired screening was not 
required). An example of the screening flow diagram for 
the perioperative antibiotics topic is provided in figure 1.

Within each topic, one or more recommendation was 
developed meeting the criteria for intervention (table 2). 
For each recommendation, teams created tables 
summarising the supporting studies (online supplemen-
tary table S1) and the level of evidence for each study 
according to the Oxford Level of Evidence Guidelines.17

Consensus of evidence
The study will be performed according to the RAND/
UCLA Appropriateness Method by conducting a 
two-round consensus process.18 Round one was completed 
through electronic surveys. In this round, panel members 
were asked to consider each recommendation on its own 
merits using the corresponding summarised evidence 
tables as well as their own experience and knowledge. 
Our panel included an expanded working group of 17 
members including additional experts across specialties 
(surgery, neonatology and anaesthesiology).

We asked panellists to rate the clarity or lack of ambi-
guity of each recommendation statement, as well as the 
necessity of including it in the ERAS guideline. These 
ratings were performed on a nine-point rating scale. In 
addition, panellists were asked to provide comments or 

suggestions regarding the wording, the necessity of the 
recommendation or general comments.

Round two consisted of a full-day workshop in August 
2018, moderated by the senior investigator. Attendees 
were, once again, provided with a summary of the peer-re-
viewed evidence including the level of evidence for 
each study as well as relevant guidelines. Each working 
group presented their recommendations to the panel 
and reviewed the screening flow chart, a table of the 
evidence and the results of the ratings including distri-
bution and median, and comments from round one. 
Each recommendation was discussed in terms of poten-
tial measurable outcomes resulting from implementation 
of the recommendation. Recommendations were revised 
through group discussion or identified for further devel-
opment. Recommendations were voted on for necessity 
for inclusion using the nine-point scale. Those recom-
mendations with consensus for inclusion (a median 
panel score greater or equal to 7) were assessed for aggre-
gate data quality and strength of recommendation (see 
below). Those recommendations that required further 
development will be reviewed after revision for consensus 
on necessity for inclusion, group assessment of aggregate 
quality and strength of recommendation.

The ratings for the recommendations at each stage will 
be reported including an interclass correlation to provide 
a measure of rater agreement.

Assessment of aggregate data quality and strength of 
recommendations
The aggregate quality of evidence for each topic will be 
rated by the respective guideline committee member 
and their team and discussed and voted on by the ERAS 
team. The GRADE system will be used, and evidence will 
be rated as either ‘high’, ‘moderate’, ‘low’, or ‘very low’ 

Figure 1 Flow diagram for study screening (perioperative antibiotics).
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(table 3A).19 The ERAS team will decide on the strength 
of the recommendations based on the quality of data and 
the balance of potential desirable/undesirable effects 
through discussion and consensus. Any accompanying 
recommendations will be given a value of ‘strong’ or 
‘weak’ (table 3B).20

The creation of the finalised guideline will occur in 
October 2018 in partnership with the ERAS Society, with 
publication sought.

Patient and public involvement
Parents’ expectation of engagement in paediatric surgical 
and neonatal care pathways is demonstrated in systematic 
reviews of the literature and qualitative studies of parents’ 
attitudes in the neonatal intensive care unit.21–24 Our 
approach has been informed by this published data.

We engaged parent stakeholders in identifying 
neonatal surgical care as a key priority for an ERAS guide-
line. Once topics were selected for development by our 
ERAS guideline committee, we formally reviewed each 
of these topics with our ERAS parent advisor to identify 
subtopics for exploration and key areas that required 
parental involvement. Discharge planning was identified 
as a major theme to address within many key ERAS topics. 
In addition, parental psychological support was identified 
as a priority within the topic of parental involvement.

The initial proposal was developed with feedback 
from parent advocates. Two additional parent focus 
groups are engaged in this project. The first focus group 
provided input to the stakeholder group at the time of 

the face-to-face workshop to review recommendations. 
This group will meet again before the final refinement 
of the ERAS tool to discuss proposed ERAS recommenda-
tions, highlighting areas where and how parental needs 
can be better addressed. The second group will engage 
with the ERAS committee to aid in the development of 
feasible and acceptable implementation strategies for the 
completed guideline.

Future work: guideline implementation
Guidelines are to be implemented in a multistep process 
and evaluated within two separate studies. Stakeholder 
involvement in developing an implementation strategy 
will ensure appropriate engagement and context-sensi-
tive adaption. The ERAS guideline will be integrated with 
existing surgical safety tools such as the Surgical Safety 
Checklist, a tool that performs optimally within larger 
quality and safety initiatives.25 Integration will occur in a 
manner that will avoid duplication, assist in appropriate 
tailoring and strengthen the implementation around 
both the surgical safety tool (ie, the checklist) and the 
ERAS guideline through a common protocol.

Implementation fidelity and impact on outcomes will 
both be assessed in this multimodal approach. Imple-
mentation fidelity will be determined through measures 
of compliance with ERAS elements and with other inte-
grated surgical safety tools. Guidelines will be piloted in a 
large tertiary paediatric centre in Canada for 3 months. A 
focused assessment of acceptability and compliance will be 
performed through audits as well as surveys and targeted 
interviews. The content of these surveys and interviews will 
depend on the final elements included within the guide-
line but will be developed using survey creation methods 
including team item generation, question development, 
piloting and revision. We will use previously published 
surveys reviewing acceptability of clinical guidelines as a 
starting point. Based on this feedback, further revisions of 
the guideline will be performed.

The results of the initial implementation pilot will be 
reviewed by the international panel as well as the ERAS 
Society, and an international multicentre implementation 
study for clinical effectiveness will be designed. Clinical 
and process measure outcomes will be measured before 
and during implementation. Outcomes of interest will 
be determined by the eventual ERAS recommendations 
and may include: length of stay, SSI incidence, mortality, 
sepsis, postoperative vomiting, weight gain and parent 
and staff satisfaction. As per ERAS Society regulations, the 
guideline is to be considered for revision by the Scientific 
and Executive ERAS committee every 3 years or earlier if 
deemed appropriate.

Ethics and dissemination
This study has been registered with the ERAS Society. 
Human ethics approval (REB 18–0579) is in place to 
engage patient families for guideline implementation 
development. This research will contribute to a consis-
tent standard of care for neonatal abdominal surgery. 

Table 3A GRADE system for rating quality of evidence

Quality Definition

High We are very confident that the true effect lies 
close to that of the estimate of the effect.

Moderate We are moderately confident in the effect of 
the estimate: the true effect is likely to be close 
to the estimate of the effect, but there is a 
possibility that it is substantially different.

Low Our confidence in the effect estimate is limited: 
the true effect may be substantially different 
from the estimate of the effect.

Very low We have very little confidence in the effect 
estimate.

Table 3B GRADE system for rating strength of 
recommendations

Strength Definition

Strong When desirable effects of intervention clearly 
outweigh the undesirable effects or clearly do 
not.

Weak When the trade-offs are less certain—either 
because of low quality evidence or because 
evidence suggests desirable and undesirable 
effects are closely balanced.
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This ERAS guideline development represents the first 
phase of a larger quality improvement project aimed at 
improving neonatal abdominal surgery.
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