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ABSTRACT
Introduction  The ERAS protocol (Enhanced Recovery 
After Surgery) is a multimodal pathway aimed to reduce 
surgical stress and to allow a rapid postoperative recovery. 
Application of the ERAS protocol to colorectal cancer 
surgery has been limited to a minority of hospitals in 
Italy. To promote the systematic adoption of ERAS in the 
entire regional hospital network in Piemonte an Audit and 
Feedback approach (A&F) has been adopted together with 
a cluster randomised trial to estimate the true impact of 
the protocol on a large, unselected population.
Methods  A multicentre stepped wedge cluster 
randomised trial is designed for comparison between 
standard perioperative management and the management 
according to the ERAS protocol. The primary outcome is 
the length of hospital stay (LOS). Secondary outcomes are: 
incidence of postoperative complications, time to patients’ 
recovery, control of pain and patients’ satisfaction. With 
an A&F approach the adherence to the ERAS items is 
monitored through a dedicated area in the study web 
site. The study includes 28 surgical centres, stratified by 
activity volume and randomly divided into four groups. 
Each group is randomly assigned to a different activation 
period of the ERAS protocol. There are four activation 
periods, one every 3 months. However, the planned 
calendar and the total duration of the study have been 
extended by 6 months due to the COVID-19 pandemic.
The expected sample size of about 2200 patients has a 
high statistical power (98%) to detect a reduction of LOS 
of 1 day and to estimate clinically meaningful changes in 
the other endpoints.
Ethics and dissemination  The study protocol has been 
approved by the Ethical Committee of the coordinating 
centre and by all participating centres. Study results 
will be timely circulated within the hospital network and 
published in peer-reviewed journals.

Trial registration number  NCT04037787.

INTRODUCTION
The ERAS protocol (Enhanced Recovery 
After Surgery) is a multimodal pathway aimed 
to reduce surgical stress, trying to maintain 
body homeostasis and to allow a rapid post-
operative recovery of the patient undergoing 
major surgery.1 2 The main targets of the 
ERAS protocol are: to optimise the periopera-
tive management using procedures based on 
scientific evidence; to favour a better recovery 
of the patient’s autonomy in the postoperative 
period; to favour a reduction in length-of-stay 

Strengths and limitations of this study

►► Systematic implementation of the Enhanced 
Recovery After Surgery (ERAS) protocol in an entire 
regional network of surgical centres.

►► Use of a cluster stepped wedge design to achieve, 
by the end of the study, the adoption of the ERAS 
protocol in all the participating centres, followed 
by an unbiased assessment of the effectiveness of 
change in clinical practice.

►► Development of a comprehensive Audit and 
Feedback strategy to monitor and encourage adop-
tion of the full ERAS protocol.

►► Ability to analyse barriers and facilitators to ERAS 
protocol implementation at both patient and organ-
isational levels.

►► COVID-19 pandemic may limit the hospital ability to 
reorganise according to the ERAS protocol and com-
plicate the interpretation of the study results.

http://bmjopen.bmj.com/
http://orcid.org/0000-0001-7552-2901
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-047491&domain=pdf&date_stamp=2021-06-03
NCT04037787
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(LOS); to increase the level of patient satisfaction about 
treatment received; to reduce the incidence of complica-
tions, hospital readmissions and costs.3–5

The ERAS Society has developed guidelines for 
colorectal surgery and has also allowed protocols adapted 
to different surgical disciplines.6–9 The principal items of 
the ERAS protocol for colorectal cancer are reported as 
online supplemental material table S1. Literature reviews 
and meta-analyses confirm that the implementation 
of the ERAS protocol in colorectal surgery allows for a 
significant reduction of postoperative complications, 
especially of non-surgical ones, compared with traditional 
perioperative management.10–13 The same meta-analysis 
confirms that the implementation of an ERAS path allows 
for a significant reduction in postoperative hospital stays, 
without increasing the rate of hospital readmissions.12 
Studies conducted in Alberta, following a national adop-
tion of the ERAS pathway in colorectal surgery, have also 
shown a significant reduction in healthcare costs.14

A formal programme for the implementation of the 
ERAS protocol requires three elements14–16:

►► An updated and shared ERAS operating protocol.
►► A team dedicated to training operators and to increase 

compliance with the protocol.
►► An Audit and Feedback (A&F) system to verify 

compliance with the protocol and to monitor clinical 
outcomes.

In Italy the PeriOperative Italian Society (POIS, http://​
peri​oper​ativ​eita​lian​society.​org) aims to disseminate 
the ERAS strategy because its mission is to promote the 
minimally invasive surgical procedures and improve the 
patient’s quality of life in the perioperative period.

The POIS has activated a network of over 70 Italian 
hospitals and has developed a database for colorectal 
surgery which has allowed the recent publication of 
multicentre studies.16–18

Although the ERAS protocol has been known for some 
time, its application has been limited to a minority of hospi-
tals, at least in Piemonte (a region of North West of Italy 
with 4.3 million population). To promote the systematic 
adoption of ERAS in the entire regional hospital network 
in Piemonte an A&F approach has been adopted together 
with a cluster randomised controlled study to estimate 
the true impact of the protocol on a large, unselected 
population: the ERAS Colon-rectum Piemonte study. The 
A&F strategy is recommended by the ERAS Society guide-
lines for colorectal cancer (quality of evidence: high; 
recommendation: strong) as an instrument to be applied 
regularly by healthcare providers when driving change or 
implementing ERAS programmes.6

The project was based on two main hypotheses: (a) the 
ERAS protocol has a high probability, based on the avail-
able evidence, of introducing procedures into clinical 
practice with a favourable balance between benefits and 
risks (both for patients and for staff); (b) the diffusion of 
the protocol only in selected hospitals, particularly open 
to change, would have a limited impact on the overall 
quality of the intervention on a regional scale, with an 

increase in the heterogeneity of services between centres 
and inequalities among patients.

This regional project is part of a larger project on the eval-
uation of effectiveness of A&F interventions (EASY-NET), 
a Network Project funded by the Ministry of Health and 
the participating Regions (NET-2016-02364191).

METHODS
Trial design
The ERAS Protocol implementation in Piemonte Region 
for Colorectal Cancer Surgery (ERAS Colon-Rectum 
Piemonte) (http://www.​clinicaltrials.​gov) is a prospective 
multicentre cluster randomised controlled study, with a 
stepped wedge design, for comparison between standard 
perioperative management (usual care) and the manage-
ment according to the ERAS protocol. We hypothesise 
that the adoption of the protocol will result in a reduction 
in LOS, complications, healthcare costs and in improve-
ment of functional recovery and patient satisfaction.

Clusters are represented by the general surgery units 
of the regional hospitals with progressive adoption of 
the protocol by groups of units, randomly identified 
according to a specific calendar. At the end of the study, 
each cluster will have a period of activity according to stan-
dard care (‘control period’) and one period of protocol-
based practice (‘experimental period’) with a cross-over 
like design, but with a single transition (from control to 
experimental).

The Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT) 2013 Checklist (https://
www.​spirit-​statement.​org/) is provided in online supple-
mental material. Figure  1 shows the study diagram 
according to the SPIRIT statement.

The manuscript has been prepared according to 
the Reporting on ERAS Compliance, Outcomes, and 
Elements Research (RECOvER) checklist (online 
supplemental material), the standardised framework for 
designing and reporting ERAS-related studies proposed 
by the ERAS and ERAS USA societies.19

Figure 1  Diagram of the Enhanced Recovery After Surgery 
colon-rectum Piemonte study. Due to COVID-19 outbreak the 
third period has been extended for three months (lasting 6 
rather than 3 months) and the further study periods shifted 3 
months forward.

https://dx.doi.org/10.1136/bmjopen-2020-047491
http://perioperativeitaliansociety.org
http://perioperativeitaliansociety.org
http://www.clinicaltrials.gov
https://www.spirit-statement.org/
https://www.spirit-statement.org/
https://dx.doi.org/10.1136/bmjopen-2020-047491
https://dx.doi.org/10.1136/bmjopen-2020-047491
https://dx.doi.org/10.1136/bmjopen-2020-047491
https://dx.doi.org/10.1136/bmjopen-2020-047491
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Study organisation
The study is promoted and coordinate by the ‘S. Croce e 
Carle’ Hospital (Cuneo) where the surgical unit has fully 
implemented the ERAS protocol for colorectal cancer 
interventions, having recently obtained the European 
ERAS certification (https://​erassociety.​org/). The trial 
design, data collection and monitoring, statistical anal-
yses and feedback activities are under the responsibility 
of the Clinical Epidemiology Unit of the ‘AOU Città della 
Salute e della Scienza’ hospital (Torino) as part of the 
Work Package 3 of EASY-NET Project.

There are not planned preliminary analyses of the 
study outcomes to be performed before the completion 
of the study.

Inclusion criteria
►► All general surgery units of Piemonte Region hospi-

tals that have at least 30 surgical colorectal cancer 
cases per year.

►► All patients undergoing elective colorectal resection 
for malignancy, with or without protective stoma, and 
both by minimally invasive or laparotomic approach.

Exclusion criteria
►► Units with less than 30 cases per year of colorectal 

rectal surgery.
►► Patients requiring an urgent surgical procedure.
►► Patients with high complexity or clinical severity, to 

be documented at the time of admission (eg, patients 
with American Society of Anesthesiologists (ASA) 
physical status classification system V).

Stratification and randomisation of the centres
Ahead of the study starting date, all general surgery 
units were contacted to assess the level of knowledge of 
the ERAS protocol for colorectal surgery. Those centres 
that had already fully adopted the protocol before the 
start of the study were excluded from randomisation 
and included in an observational group. All the other 
centres were stratified by the volume of colorectal 
interventions performed during 2017 and randomly 
divided into four groups, with a similar number of 
units and procedures. Then, the four groups were 
randomly ordered to activate the protocol according to 
a predefined calendar with 3 months interval between 
subsequent rounds. This stratified randomisation was 
adopted to assure a more homogeneous composition of 
the groups in each activation period. All randomisation 
procedures were performed by the Clinical Epidemi-
ology unit after anonymising the centres. The calendar 
date for protocol activation was communicated to each 
group about 2 months before the starting date to allow 
sufficient time for the training of the local ERAS team 
and to organise the activity.

The centres of the first group started with the protocol 
activation after a 3 months period of baseline, during 
which only standard care was supplied to the enrolled 
patients.

Interventions
ERAS group
In the quarter preceding the date of randomisation, 
each group receive specific training on the ERAS prin-
ciples. Training is provided to a selected group of profes-
sionals (surgeons, anaesthetists, nurses and dieticians) 
and consists of a 1-day interactive course run by expert 
POIS trainers. The selected participants are required to 
cascade training to their colleagues at local level. Slides 
are shared for this purpose as well as support is offered by 
the expert POIS trainers, if required.

Each centre is asked to identify an ‘ERAS team’, which 
should include at least one person per professional role, 
with the aim of providing support for the local imple-
mentation of the protocol and to be the reference for the 
centre.

Control group
Each centre belongs to the control group during the 
3 months of baseline and thereafter, until the randomisa-
tion date. During the control period centres are required 
to continue with their usual perioperative care and to fill 
the Case Report Form (CRF) for the enrolled patients.

Audit and Feedback
The study has a dedicated website (EPICLIN: https://​
new.​epiclin.​it/​it/​eras_​colonretto/) for data entry, moni-
toring and feedback.

From the beginning of the study, all centres can 
access the ‘monitoring area’ on Epiclin to keep track of 
data collection progress and visualise graph and tables 
describing: number of enrolled patients and expected 
number in the same period according to cases treated in 
the previous year, number of patients keen to participate 
to an interview after discharge and number of patients 
filling the quality of recovery questionnaire.

Once each group of centres enters the experimental 
period, its ERAS team has the opportunity to access a 
feedback area. This area displays various graphs moni-
toring the indicators of adherence to all the ERAS 
items reported in online supplemental material table 
S1. The aim is to verify the centres progress in applying 
the protocol in order to promptly identify critical issues 
and address them with corrective actions. Each indicator 
of adherence is stratified by study period (control and 
experimental) to appreciate changes in clinical prac-
tice. A radar graph allows to compare the adherence of 
groups of indicators measured in three different situa-
tions: before randomisation, after randomisation and in 
a benchmark setting (a small group of regional hospitals 
already applying ERAS before the study).

Two months before the ERAS adoption, the regional 
coordinating group organises a workshop for each of 
the four groups with the expert POIS trainers and the 
coordinating/data management team to discuss the feed-
back indicators, the critical issues encountered and find 
possible solutions.

https://erassociety.org/
https://new.epiclin.it/it/eras_colonretto/
https://new.epiclin.it/it/eras_colonretto/
https://dx.doi.org/10.1136/bmjopen-2020-047491
https://dx.doi.org/10.1136/bmjopen-2020-047491
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A newsletter is sent every 2 months to all the ERAS 
teams to maintain engagement and motivation in the 
overall project and to share information on study prog-
ress and relevant news.

Primary outcome
►► Mean LOS, calculated after excluding lengths 

exceeding a predefined threshold, corresponding to 
the 94th percentile of the distribution.

Secondary outcome
►► Percentage of hospital stays exceeding a threshold 

(≥12 days)
►► Postoperative quality of recovery score, measured with 

the QoR-1519 questionnaire around 48 hours after 
surgery

►► Incidence of postsurgical complications, defined 
according to the Clavien-Dindo classification

►► Intensive care unit access in the postoperative period
►► Percentage of emergency department (ED) admis-

sions up to 30 days after surgery (regardless of 
diagnosis)

►► Percentage of readmissions to hospital within 30 days 
after surgery (regardless of diagnosis)

►► Percentage of reintervention (within 30 days after 
surgery).

►► Perceived patient satisfaction score measured with the 
SSQ-820 questionnaire via telephone interview around 
2 weeks after discharge (only in a random subsample 
of patients keen to participate)

►► Average healthcare costs, calculated from pre-
hospitalisation up to 30 days after surgery

►► Assessment of professionals’ satisfaction, measured 
qualitatively.

Data collection
The CRF is available in a dedicated area of the EPICLIN 
electronic platform, developed and managed by the Clinical 
Epidemiology Unit, compliant with all the security require-
ments of the General Data Protection Regulation (EU regu-
lation 2016/679). Data related to the perioperative care 
are collected in the database prospectively and uniformly 
between study periods. Patients are enrolled and sign a 
consent form after receiving comprehensive oral and written 
information on the study aims and on the data treatment by 
the enrolling centre.

The postoperative recovery is measured at 48 hours after 
surgery through the QoR-15 questionnaire (available and 
validated in English).20

Patients’ satisfaction is measured through the SSQ-8 ques-
tionnaire (available and validated in English),21 administered 
by telephone to a sample of patients or alternatively their 
caregivers 2 weeks after discharge, by trained personnel.

Professionals’ satisfaction will be qualitatively assessed at the 
end of the study through questionnaires and focus groups.

Healthcare costs incurred between the first preadmis-
sion visit and 30 days after hospital discharge will be eval-
uated by including the following categories of resources: 

preintervention visits, hospital stay days (including intensive 
care days), type of intervention, treatment of complications, 
reinterventions, ED access, new hospitalisations.

Patient and public involvement
No patient involved.

Statistical plan
Expected sample size is calculated according to the avail-
able data on volume of colorectal cancer surgical cases 
in Piemonte Region in 2018. The total number of centres 
meeting the inclusion criteria of at least 30 surgical colorectal 
cancer cases per year is 28, with an average of approximately 
64 interventions/year (1790 expected cases in 1 year). With a 
randomisation calendar including 7 centres every quarter, 4 
periods (15 months in total, including the 3 months at base-
line, before the first randomisation) are needed to complete 
the implementation of the ERAS protocol in all the enrolled 
centres. Figure 1 describes the sequence of randomisations of 
the clusters with the number of centres and patients for the 
control and experimental periods. The total number of cases 
expected in 15 months is 2240 patients (around 1120 cases 
in the control period and 1120 in the experimental period). 
The statistical power of the study is calculated for both the 
main endpoint (LOS), and for the dichotomous secondary 
endpoints, according to the sample size and the study design, 
applying the Hemming and Girling method with STATA soft-
ware (V.13).

The power is calculated assuming that the application of 
the protocol entails a reduction in the average LOS (calcu-
lated after excluding LOS ≥22 days, corresponding to the 
94th percentile) of at least 1 day (from 9.0 to 8.0), which in 
relation to the standard deviation (3.7) represents an effect 
size of about 0.27.

The parameters used for the calculation are: mean hospital 
stay (standard): 9.0 days (standard deviation (SD): 3.7); mean 
hospital stay (experimental): ≤8.0 days (SD 3.7); alpha error 
(two tails): 0.05; correlation coefficient within clusters: 0.20; 
average clusters sample size in each step: 16; number of 
randomised clusters per step: 7; number of steps (excluding 
the baseline): 4. Total number of cases (2240) has a statistical 
power of 0.98.

The statistical power of the study is also calculated to high-
light as statistically significant absolute differences of at least 
10% of the secondary endpoints measurable as percentages 
(eg, adherence to the ERAS protocol, complications, reinter-
ventions, etc). Assuming a reference value of 0.5 (the most 
unfavourable from a statistical point of view), and keeping 
all the previous parameters the same, the study has a power 
of 0.84.

The average LOS (calculated excluding the durations 
greater than the threshold) will be compared between the 
two study periods using a random-effect linear regression 
models, adjusting for the study period and the surgical 
technique (laparoscopic vs open surgery). The centre will 
be included in the model as a random effect. For dichoto-
mous endpoints measured as proportions (eg, LOS above 
the threshold, complications, readmissions), the effect of 
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implementing the ERAS protocol will be estimated with 
logistic regression models with random effects, including in 
the model the same set of covariates used for the analysis of 
the LOS.

The main analysis will be stratified by characteristics of the 
centres (classified by volume of activity, degree of adherence 
to the ERAS protocol at the baseline and other structural 
characteristics) and by patients’ characteristics. Centres with 
high adherence to the ERAS protocol at the baseline will be 
excluded from the main analysis.

To reduce the risk of bias due to patient selection (selec-
tion bias, assessed on the basis of the percentage of cases 
included on the total discharge records in the same enrol-
ment period), analyses will be stratified for completeness 
of enrolment (with the possibility of excluding centres with 
greater incompleteness).

To take into account the transition period in each centre, 
a sensitivity analysis is planned which will exclude the first 
month of each implementation period of the ERAS protocol. 
The adoption of the ERAS protocol will also be analysed on 
the basis of the time elapsed since its introduction, to eval-
uate the achievement curve of an acceptable and optimal 
level of application.

In addition, it is expected to evaluate the effect of the ERAS 
implementation analysing the time trend of the average LOS 
detectable through the regional hospital discharge records 
in the 5 years preceding the activation of the ERAS protocol 
and in the following years, through an interrupted time series 
analysis.

Ethics and dissemination
The study protocol has been approved by the Ethical 
Committee of the coordinating centre and by all partici-
pating centres. The study is conducted under the regulations 
of the Declaration of Helsinki.

All information collected during the course of the trial will 
be kept strictly confidential. Information will be held securely 
at the Clinical Epidemiology Unit, accordingly to all aspects 
of GDPR 2018. The trial staff at the participating centres will 
be responsible for ensuring that any data or documentation 
sent to the Clinical Epidemiology Unit is appropriately anony-
mised. At the end of the trial, data will be securely archived 
for a minimum of 20 years.

Study results will be timely circulated within the hospital 
network and published in peer-reviewed journals, reported in 
line with the literature Consolidated Standards of Reporting 
Trials guidelines.22

Trial status
The trial is currently adhering to V.2.0 of the protocol 
(approved in January 2020 n.28–2020). Enrolment was initi-
ated 1 September 2019. Recruitment initially expected to be 
completed in November 2020, due to COVID-19 outbreak is 
now expected to be completed in May 2021 (6 months delay 
of the study timetable). At the end of April 2021, the number 
of patients enrolled is around 2500, 50% of which managed 
according to standard practice.

DISCUSSION
This paper presents the study protocol of a stepped wedge 
cluster randomised trial aimed to estimate the impact of a 
quality improvement intervention (the adoption of the ERAS 
protocol for colorectal cancer surgery) in the entire regional 
hospital network in Piemonte. In 2018 only few selected 
hospitals were compliant with the ERAS protocol despite it 
was published several years before. Among the reasons for 
this limited diffusion there is the need for a multiprofes-
sional and multidisciplinary management of the patient path 
besides the requirement to adopt all the items of the protocol. 
To overcome the usual barriers to innovation in healthcare, 
especially at the organisation level, and to monitor the 
changes in terms of appropriateness and safety, a structured 
A&F strategy has been planned in parallel to the trial. Even 
if the use of A&F is strongly recommended within the ERAS 
protocol, it is unusual that this aspect is carefully designed 
and conducted according to the best practice guidelines.23

The chosen study design, a stepped-wedge cluster 
randomised trial, has several advantages and some limits. 
Randomisation at patient level would not be feasible due 
to the organisational nature of the intervention requiring 
a modification of the care process at centre level. However, 
compared with other study designs such as a before-after 
cluster randomised trial, the stepped wedge has a lower risk of 
bias due to possible confounding time effect and a complete 
coverage of the participating centres at the end of the study. 
This last advantage could, at least in theory, also represents 
a risk in the unlikely, but not impossible, scenario of a detri-
mental impact of the experimental intervention.

In case of low or partial compliance by participating centres 
with the ERAS protocol, the effectiveness of A&F should be 
interpreted considering the disruptive COVID-19 pandemic 
impact on hospital activity. Anyway, there will be the chance 
to carefully analyse obstacles and facilitators of the applica-
tion of the ERAS approach at both patient and organisational 
levels.

In conclusion, the main interest of the study results lies in 
the possibility to demonstrate that positive clinical outcomes 
for the application of ERAS protocol can be obtained not 
only when it is implemented in selected and highly motivated 
centres, but also when implemented in a regional network 
of surgical centres, supported by a careful A&F strategy used 
to improve compliance. For this last aspect the study will 
contribute useful evidence to the on-going EASY-NET project 
(http://​easy-​net.​info/).
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