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ABSTRACT

Introduction With growing emphasis on surgical safety,
it appears fundamental to assess the safety of colorectal
resection involving primary stapled anastomosis. Surgical
stapling devices can considerably foster patient safety

in colorectal surgery, but their misuse or malfunction
encompass a unique risk of postoperative complications.
The Digital Device Briefing Tool (DDBT) is a digital cognitive
aid developed to enhance safe use of the Ethicon circular
stapling device during colorectal resection. The purpose of
this study is to evaluate how a digital operative workflow,
including DDBT, compared with routine surgical care,
affects morbidity and mortality in patients undergoing left-
sided colorectal resection with primary stapled colorectal
anastomosis for colorectal cancer or benign disease.
Methods and analysis A multicentre, prospective
cohort study will be conducted at five certified
academic colorectal centres in Germany. It compares
a non-digital with a Johnson & Johnson digital
solution (Surgical Process Institute Deutschland (SPI))-
guided operative workflow in patients undergoing

left hemicolectomy, sigmoidectomy, anterior rectal
resection and Hartmann reversal procedure. The
sample size is set at 528 cases in total, divided into

3 groups (a non-digital and two SPI-guided workflow
cohorts, with and without DDBT) in a ratio of 1:1:1,
with 176 patients each. The primary endpoint is

a composite outcome comprising the overall rate

of surgical complications, including death, during
hospitalisation and within the first 30 days after
colorectal resection. Secondary endpoints include
operating time, length of hospital stay and 30-day
hospital readmission rate.

Ethics and dissemination This study will be performed
in line with the Declaration of Helsinki. The ethics
committee of the Charité—University Medicine Berlin,
Germany, approved the study (No: 22-0277-EA2/060/22).
Study Investigators will obtain written informed consent

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Astrength of this study is that its primary endpoint is
a composite outcome comprising 19 adverse events
commonly associated with left-sided colorectal re-
section frequently seen after colorectal surgery.

= Severity of the adverse events in patients un-
dergoing left-sided colorectal resection using a
non-digital and the SPI-guided operative workflow
including Digital Device Briefing Tool will be objec-
tively evaluated by scoring each of them accord-
ing to the Clavien-Dindo classification of surgical
complications.

= An external full-service clinical research organ-
isation will support and closely monitor the entire
study execution in Germany, ensuring that all study
activities will be fully compliant with national and
international good clinical practice, data protection,
data privacy and all regulatory requirements.

= This multicentre observational study will be per-
formed in real-world surgical settings, reflecting the
standard of care of five certified academic colorec-
tal centres in Germany, while contributing to better
generalisability of surgical outcomes than single-
centre studies would do.

= The study might face difficulties in enrolling patients
because emergency colorectal surgeries are ex-
cluded and patient inclusion is only possible if left-
sided colorectal surgery, including primary stapled
anastomosis, is performed with one specific circular
stapling device.

from each patient before a patient may participate in
this study. The study results will be submitted to an
international peer-reviewed journal.

Trial registration number DRKS00029682.
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INTRODUCTION

Colorectal cancer is one of the most prevalent malignancies
worldwide, with more than 1.9million new colorectal cancer
cases and 935000 deaths estimated to have occurred in 2020,
mostly reported in Europe and North America." Colorectal
surgery is perceived as a potentially curative treatment for this
malignancy, but concerns have emerged due to highly preva-
lent postoperative morbidity directly related to the colorectal
resection, including but not limited to anastomotic leak,
bleeding, wound or organ space infection and gastrointes-
tinal motility complications such as ileus and bowel obstruc-
tion.” ® Evidence has shown that overall complication rates
can go up to 35% and overall mortality rates range from
1% to 16.4% following colorectal surgery.”” Therefore, it
is crucial to reliably conduct the best surgical practices that
improve the safety of colorectal resection, reducing the rate
of preventable surgical complications and patient harm.®”

Improvement in patient outcomes after rectal cancer
resection was reported due to the implementation of the
standardised surgical technique known as total mesorectal
excision (TME).® Broad acceptance of the TME technique
decreased the local recurrence rate of mid-low rectal cancer
from 40% to less than 10% and was associated with a contin-
uous improvement in patient survival. >

Similarly, notable improvements in surgical outcomes
for colon cancer patients were found after implementing
the surgical technique known as complete mesocolic
excision (CME).""™* By using the standardised CME tech-
nique, the local 5-year recurrence rate in colon cancer
was reduced from 6.5% to 3.6% and the colon cancer-
related 5-year survival rate in patients resected for cure
increased from 82.1% to 89.1%.""

Furthermore, the introduction of enhanced recovery
after surgery (ERAS), discharge and home follow-up, as
well as hospital infection prevention protocols, resulted
in a significant reduction of postoperative morbidity,
including overall and superficial surgical site infection
rates and hospital readmission rates associated with
colorectal surgery.l4_20

Latest evidence has identified that reliability of surgical
care could be further increased by automating and digi-
talising operative workflows in operating theatres (OT).
One study reported that a novel Johnson & Johnson
digital solution (Surgical Process Institute Deutschland
GmbH (SPI)), developed for use in OT, can support the
creation of reliable operative workflows and guide oper-
ating teams in a step-by-step fashion through surgery,
reducing unwarranted variation of the applied surgical
technique.”’ The SPI software allows OT teams to also
include important safety checks into the digital operative
workflow, such as the surgical safety checklist (SSC).*' *2

The SSC was earlier developed to improve surgical care
adherence, teamwork and communication.”® Utilisa-
tion of the SSC resulted in a 47% reduction in overall
mortality and a 36% reduction in overall complication
rates after major surgery.23 Other studies confirmed that
the SSC and similar cognitive aids may foster patient
safety by acting against the negative consequence of

surgeon’s emotional stress, unproductive teamwork and
the inability to remind the surgical team in the everyday
clinical practice of all evidence-based actions required in
case of critical events.”*"

Nowadays, different types of checklists to reduce post-
operative complications are frequently used in colorectal
surgery, such as those described here.” They are
increasingly imposed through a variety of professional
and regulatory mandates, especially in North America
and Europe, serving as evidence of due diligence and
performance of care teams with respect to prevention of
patient harm.***® However, concerns have emerged since
behavioural compliance to checklists has been shown to
be highly variable, with inconsistent performance occur-
ring notably when the checklist becomes a trivial exercise
in ‘checking the box’.**

This has coincided with recent reports from estab-
lished healthcare agencies pointing out that the misuse
of surgical stapling devices or their malfunction addi-
tionally represent a unique risk of major morbidity after
colorectal surgery.”** The Food and Drug Administration
issued a warning letter to healthcare providers empha-
sising the risks of unsafe use of surgical stapling devices,
as their malfunctions or misuse can result in serious
surgical complications including death.”® Accordingly, a
generic medical device briefing tool was developed for
use in surgical settings as a powerful communication tool,
particularly to improve quality of first-time use of different
types of medical devices in OT through improved team-
work and timely preparation of surgical teams.”’

Ultimately, it seems that further reducing overall
postoperative morbidity after colorectal surgery might
be accomplished by using synergistic benefits of digital
technology, combining a digital operative workflow with
behavioural aids, to create a more reliable care process
for the entire surgical team in OT.*'™*

Study objectives

This study aims to evaluate whether implementing the
SPI-guided operative workflow, including the cognitive
aid for surgical stapling named Digital Device Briefing
Tool (DDBT), compared with the routine surgical
care, impacts postoperative morbidity and mortality in
patients undergoing left-sided colorectal surgery with
primary stapled anastomosis for colorectal cancer or
benign disease. The DDBT was specifically designed for
deployment within the SPI-guided operative workflow
to enhance safety of primary stapled colorectal anasto-
mosis. A secondary aim is to evaluate the postoperative
economic outcomes including operating time, length of
hospital stay and 30-day readmission rate.

METHODS AND ANALYSIS

Study design

A multicentre, prospective, observational cohort study
will be conducted at five certified colorectal centres,
including four wuniversity medical centres and one
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academic teaching hospital in Germany: Charité—
University Medicine Berlin, Campus Benjamin Franklin;
University Medicine Marburg, Campus Fulda; Otto-von-
Guericke University Magdeburg, University Hospital
Magdeburg; Friedrich-Alexander-University Erlangen-
Niirnberg, University Clinic Erlangen and the Klinikum
Magdeburg. These colorectal centres will be appropriate
study sites based on their characteristics regarding the
standardisation of the operative workflows, including
both digital and non-digital workflow settings, in which
colorectal surgery is performed. A principal investigator
(PI) at each site will be appointed to lead the project
locally and the hospital administration will support the
intervention. A local data collector will be determined at
each site and will receive training and supervision from
the primary investigators in the identification and classi-
fication of surgical complications and process measures.

Study population

A total of 528 consecutive adult patients will be enrolled
within 48 months from study start, establishing three
different study cohorts with 176 prospectively enrolled
patients each: A, B, C. Inclusion will start at the first
hospital in December 2022. Inclusion will continue until
the number of required patients is reached. All patients
will undergo a leftsided colorectal surgery with primary
stapled anastomosis for colorectal cancer or benign
disease, comprising left hemicolectomy, sigmoidec-
tomy, anterior rectal resection and Hartmann reversal

procedure, according to the centres’ standard of care.
Colorectal resections will be performed using either lapa-
roscopic, open or robotic surgical techniques and equip-
ment, including the Ethicon circular stapler (Johnson &
Johnson, USA) used for primary stapled colorectal anas-
tomosis. A representative patient sample will be recruited
from investigators’ available local patient population.

Setting

The study environment involves the routine, non-digital
operative workflow at the two colorectal centres in Magde-
burg and at the three remaining colorectal centres, their
SPI-guided operative workflow with and without a DDBT.
At study start, the two colorectal centres performing
left-sided colorectal surgery with non-digital operative
workflows will build the study cohort A, enrolling 176
consecutive patients (figure 1). Contemporaneously, the
three other colorectal centres performing surgery using
the SPI-guided operative workflow, will build the study
cohort B, by enrolling 176 consecutive patients under-
going left-sided colorectal resection (figure 1). After
collecting real-world baseline data within the digital and
non-digital surgical settings, all five colorectal centres will
be given information about identified process character-
istics, intraoperative and postoperative complications and
their differences. Thereafter, the three colorectal centres
previously performing surgery using the SPI-guided oper-
ative workflow will implement the digital cognitive aid for
surgical stapling, DDBT, into their SPI-guided operative

Patients with colorectal cancer or benign disease scheduled for
Left hemi-colectomy, sigmoidectomy, anterior rectal resection or Hartmann reversal procedure

Visit 1 — Preoperative Screening, Obtain Informed Consent

Visit 2 — Surgical Care until discharge & Confirm Inclusion / Exclusion criteria

/\

Cohort A
Colorectal Surgery using
Non-digital operative workflow

Cohort B
Colorectal Surgery using
SPI-guided operative workflow

Cohort C
Colorectal Surgery using
SPl-guided operative workflow
with digital device briefing tool

Pre-, Intra-, and Post-operative data collection until discharge

Visit 3 - Follow-up visit up to 30 days after surgery
(Office visit or telephone follow-up)

Figure 1

Trial scheme. SPI, Surgical Process Institute Deutschland.

Lauscher J, et al. BMJ Open 2023;13:6070053. doi:10.1136/bmjopen-2022-070053



workflow, hereby establishing cohort C, by enrolling
another 176 consecutive patients undergoing left-sided
colorectal resection with primary stapled colorectal anas-
tomosis (figure 1).

Inclusion criteria

Patients satisfying the following criteria will be considered

eligible for enrolment in this study:

1. Adult patients undergoing left hemicolectomy, sig-
moidectomy, anterior rectal resection or Hartmann
reversal operation for benign disease or colorectal can-
cer where open, laparoscopic or robotic technique will
be performed and the Ethicon circular stapler is used
for colorectal anastomosis.

2. Willingness to give consent to and comply with all eval-
uations and visit schedule that are part of the study
centres’ standard of care.

Exclusion criteria
Patients meeting the following criteria will be considered
ineligible for enrolment in this study:
1. Preoperative.
a. Physical or psychological condition which would im-
pair study participation.
b. The procedure is a revision/reoperation for the
same indication or same anatomical location.
c. The procedure is an emergency colorectal surgery.
2. Intraoperative.
a. Non-restorative surgery (colorectal anastomosis not
made).
b. Study stapling device (Ethicon circular stapler) not
attempted.

Comparison groups

Cohort A: non-digital operative workflow

In the control cohort A, patients will undergo left-
sided colorectal resections performed according to the
colorectal centres’ standard of care, including a routine,
non-digital operative workflow.

Cohort B: SPI-guided operative workflow

In the study cohort B, patients will undergo left-sided
colorectal surgery performed with the SPI-guided opera-
tive workflow, helping OT teams to prepare, coordinate,
evaluate and document surgery. It guides the care team
through surgery in a step-by-step fashion by displaying
the sequences of the workflow on dedicated OT screens
and shows the previous, the current and the next surgical
procedure step, as well as the actual and predicted
ending time of surgery, including interaction possibilities
to advance to the next workflow segment. Unwarranted
deviations from the predefined operative workflow, such
as management of possible adverse events, are noticed
and entered into the system, based on the care teams’
professional medical judgement. All sequences of the
operative workflow are contemporaneously visible to all
team members in real time, ensuring behavioural compli-
ance to all steps of the applied surgical technique. At any
time, the surgical crew retains final authority to execute

the steps of the SPI-guided operative workflow, according
to their expertise, medical judgement and patient safety
needs. After surgery, operative workflow notes and
comments documented within the SPI software will be
used to generate the surgical report. This offers OT teams
the possibility to retrospectively evaluate surgical tech-
niques and trace any deviation from the applied surgical
approach, enabling future surgeries to be carried out reli-
ably, with less workflow interruption.'”

Cohort C: SPI-guided operative workflow including DDBT for
stapled colorectal anastomosis

In the study cohort C, patients will undergo the left-sided
colorectal surgery performed with the SPI-guided oper-
ative workflow containing the DDBT. The DDBT is a
digital cognitive aid developed to enhance safe use of the
Ethicon circular stapler. It is deployed within the digital

Table 1 Digital Device Briefing Tool (DDBT)
No. Steps of the DDBT

a) Team briefing

1 Verbally confirm the stapling device to be used:
‘During this operation, we’re going to use the Ethicon
circular stapler, which is intended to perform the
colorectal anastomosis. Are the team members
aligned?’

2 Verbally confirm review of the stapling device
Instruction for Use:
‘I confirm that I’ve reviewed the materials for the
Ethicon circular stapler and that | have no questions
about the use or setup of the Ethicon circular stapler?
Have you reviewed them?’

3 Verbally confirm stapling device readiness for use:
‘Is the Ethicon circular stapler prepared appropriately
and ready to use?’

4 Verbally confirm readiness of the team members to
speak-up:
‘If you have any questions or concerns during the
operation, please speak up’

b) Surgeon’s Do-Confirm Checklist

1 Surgeon confirmed: ‘Set the device to the correct
range (green area)?’—(yes/no)

2 Surgeon confirmed: ‘Closed stapler till snug?’ —(yes/
no)

3 Surgeon confirmed: ‘Waited for a minimum of 15s?’—
(yes/no)

4 Surgeon confirmed: ‘Retightened the stapler after the

15s waiting?’ —(yes/no)
5 Surgeon confirmed: ‘Completed full firing
sequence?’ —(yes/no)

6 Surgeon confirmed: ‘Cut-washer auditive sign
noticed?’ —(yes/no)

7 Surgeon confirmed: ‘Correctly opened and removed
the stapler?’ —(yes/no)

8 Surgeon confirmed: ‘Complete anastomotic
donuts?’ —(yes/no)

4
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Table 2 Surgical complications assessed in the primary endpoint

Surgical procedure-related intraoperative and
postoperative adverse events

General clinical complications associated with colorectal
surgery

Anastomotic leakage
Anastomotic bleeding
Anastomotic stenosis
Bleeding (any haemorrhagic complication)

Bleeding requiring the transfusion of four or more units of
red cells within the first 72 hours after surgery

Burst abdomen/wound dehiscence

Postoperative ileus including obstruction (colon
obstruction, rectal obstruction, small bowel obstruction)
Sepsis

Surgical site infection (any)

Unplanned returns to the operating theatre

operative step named colorectal anastomosis time out.
The first part of the DDBT includes four briefing points
related to the colorectal anastomosis and the necessary
OT team preparation tasks (table 1). The second part
includes a surgeon’s Do-Confirm Checklist, providing
a cognitive aid for the operating surgeon related to the
critical handling steps of the stapling device according to
its instructions for use (table 1). Thus, the DDBT assists
both the surgical team and the operating surgeon to
successfully carry out primary stapled colorectal anasto-
moses, aiming to improve safe use of the stapling device.
Behavioural compliance to all standardised steps of the
DDBT are documented within the SPI software.

Outcome measures

The primary endpoint of the studyis a composite outcome
comprising the overall rate of surgical complications,
including death, during hospitalisation and within the
first 30 days after colorectal surgery with primary stapled
colorectal anastomosis. PIs at all study centres will assess

Cardiac arrest requiring cardiopulmonary resuscitation
Coma of 24 hours duration or more

Death

Deep vein thrombosis

Myocardial infarction

Pneumonia
Pulmonary embolism

Stroke
Unplanned intubation

the severity of surgical complications by rating each of
them as mild, moderate or severe and by scoring each of
them according to the Clavien-Dindo classification.”® For
this study, a surgical complication is defined as any devi-
ation from the normal postoperative course, including
any undesirable clinical event that may be attributable
to the surgical procedure or specifically to the stapling
device used to create the colorectal anastomosis and
which might be expected during the leftsided colon
resections and up to 30 days after colorectal surgery. This
comprises all surgical procedure-related intraoperative
and postoperative adverse events commonly associated
with left-sided colectomy procedures as well as general
clinical complications frequently seen after colorectal
surgery (table 2).

Secondary endpoints consist of operating time
(measured from surgical incision to the end of suture
in minutes), length of patient hospital stay (in days) and
30-day readmission rate (in per cent).

Table 3 Schedule of activities per visit

Visit 1 Visit 2 Visit 3
Screening visit Procedure (day Postprocedure follow-up
Activity (-56 to -1 days) 0)—discharge visit (day 30)
Informed consent X
Demographics and baseline characteristics X
Review of inclusion/exclusion criteria X X
Surgical data collected for evaluation X
Concomitant procedures conducted X
Digital Device Briefing Tool used X
Procedure-related adverse events X X
General clinical complications X X
Patient completion/discontinuation X
Readmission X
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Table 4 Demographics and baseline characteristics

Category

Preoperatively collected patient data

General
demographics
and

Age, sex, ethnicity, body weight,
body height, smoking status,
immunosuppressive therapy

characteristics

Physical status American Society of Anaesthesiologists

Physical Status Classification System

American Joint Committee on Cancer
TNM Classification System

Cancer staging

Comorbidities  Cardiac disease, defined as a history
of congestive heart failure, myocardial
infarction, angina within 1 month

of surgery, percutaneous coronary

intervention or cardiac surgery

Pulmonary disease, defined as dyspnoea
with moderate exertion or at rest, history
of severe chronic obstructive pulmonary

disease or current pneumonia

Liver diseases (any)

Preoperative renal failure, defined as
acute renal failure in the 24 hours prior to
surgery or preoperative acute or chronic
haemodialysis

Comorbidity Charlson Comorbidity Index

index

Laboratory White and red blood cell count, creatinine,
values platelet count, haematocrit

Patient visits and follow-up

According to the centres’ standard of care, consecutive
patients will be screened and consented anytime during a
period of 8 weeks prior to the date of planned colorectal
surgery and will be followed prospectively until discharge
or for 30 days after performed colorectal resection,
whichever came first, for postoperative complications
and death. All activities performed at each patient visit
are listed in table 3.

Data collection and data management

All preoperative (table 4), intraoperative and postop-
erative (table 2) research parameters will be collected
prospectively. Data will be collected using an electronic
database capture system, which will be used by the study

3

centres’ personnel to transfer study data from the study
centres source records such as electronic health records
into common electronic case report forms (eCRFs). Each
eCRF will be completed by the local PI or PI’s designee.
A unique ID number will identify each patient and will be
visible on each eCRF. At no time will the patient’s name
appear on the eCRFs. The collection, use and disclo-
sure of all personal data, including patient health and
medical information, will be maintained in compliance
with applicable personal data protection and security laws
and regulations that govern protected health information
and the informed consent given by each study patient.
By collecting and processing personal data, appropriate
measures will be taken to maintain the confidentiality of
patient health and medical information and to prevent
access by unauthorised persons. The study centre PI will
review and approve each completed eCRF. The study
centres will allow the sponsor or its representatives (such
as the external clinical research organisation) as well
as other governmental regulatory agencies to inspect
all study records, eCRFs and corresponding portions
of the patient’s office and/or hospital medical records
at regular intervals during the study. These inspections
aim to verify adherence to the protocol and integrity of
the data being captured on the eCRFs, including data
quality assurance steps which will be taken to assure the
accuracy and reliability of the data as well as compliance
with applicable regulations. The entire research project
execution, including data collection and management,
will be supported, and closely monitored by an external
full-service clinical research organisation to ensure that
all study activities will be compliant with national and
international good clinical practice, data protection, data
privacy and all regulatory requirements.

Statistical analysis

Overall, 3 comparisons are planned for the primary
endpoint, as well as each of the 3 secondary endpoints
(12 comparisons in total). The comparisons include
cohort A versus cohort B, cohort B versus cohort C and
cohort A versus cohort C. For the surgical composite
outcome and hospital readmission, a risk difference
will be calculated, while for operating time and hospital
length of stay mean differences will be calculated. Given
the possibility of confounding, interpretation of all

Table 5 Sample outcome table

Cohort A Cohort B Cohort C Cohort B-cohort Cohort C-cohort Cohort C-cohort
Outcome (n=xxx) (n=xxx) (n=xxx) A (95% CI) A (95% CI) B (95% CI)
Composite surgical ~ Events (%) xx (xx.x%) Events (%) xx  Events (%) xx xX.X% xX.X% XX.X%

complications (xx.x%) (xx.x%) (xx.x% to xx.x%)  (xx.x% to xx.x%) (xx.x% to xx.x%)
Hospital readmission Mean (SD) xx (xx.x%) Mean (SD) xx ~ Mean (SD) xx xX.X% xX.X% XX.X%
(xx.x%) (xx.x%) (xx.x% to xx.x%)  (xx.x% to xx.x%) (xx.x% to xx.x%)

Operating time (Min)  XXX.XX (XXX.XX) XXX XX (XXX.XX)

Length of stay (days) xx.xx (xx.xx) XX.XX (XX.XX)

XXX XX (XXX.XX)

XX.XX (XX.XX)

XXX.XX
(Xxx.XX tO XXX.XX)

XXX. XX
(Xxx.XX tO XXX.XX)

XXX XX
(Xxx.XX tO XXX.XX)

XX.XX
(Xx.xX tO XX.XX)

XX.XX
(Xx.xX tO XX.XX)

XX.XX
(XX.XxX tO XX.XX)
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effect estimates will be based on covariate balanced data
(results for unbalanced data will be presented as well
for descriptive purposes). Point estimates as well as two-
sided 95% CIs will be presented. The general approach
to covariate balancing is to balance each pair of groups
being compared. Therefore, for each pairwise compar-
ison, we first identify a treatment and control group, with
the convention that groups labelled treatment contain
the surgical process component of interest. Therefore,
we have: cohort A (control) versus cohort B (treatment),
cohort B (control) versus cohort C (treatment) and
cohort A (control) versus cohort C (treatment). For each
pairwise comparison, we fit a propensity score model in
which the outcome is treatment group assignment, and
the predictors are the measured confounders. We then
assign weights to patients to estimate the average treat-
ment effect on the treated. Generally, patients in the
treatment group all receive weights of 1 and patients
in the control group receive weights not equal to 1 that
make them resemble the treatment group with respect to
the measured covariates. Balance on measured covariates
is evaluated prior to and after propensity score weighting
using absolute standardised differences. A weighted
outcome analysis is used to estimate the risk differences
and mean differences in this study. In this approach, the
treatment group estimate is based on unweighted statis-
tics (mean, proportion) and the control group estimate
is based on weighted statistics (weighted mean, weighted
proportion). The difference between the treatment and
control group is the point estimate of the treatment effect.
A variance of this treatment effect is based on the sum
of variances in the two groups being compared. In the
treatment group, the variance is based on conventional
methods for estimating a variance (asymptotic variance
for a proportion) and in the control group a variance
is based on a non-parametric bootstrap (500 replicates).
Subgroup analyses will be performed on each of the four
colorectal study procedures, considering which of the
standard surgical technique was used. Table 5 lays out
how the statistical analysis will be presented.

Sample size justification and level of significance

The sample size required to achieve adequate study
power was considered. For the primary composite
endpoint, the proportion of safety events in the control
group is assumed to be 0.40 and 0.26 in the intervention
group. This large effect was observed in a previous study
regarding the SSC.” With 80% power and an alpha=0.05
(two sided), based on a two-sample test for a difference
in proportions using a Pearson % test (implemented in
PROC POWER in SAS, V.9.4), the minimum required
sample size is 176 in each group for a pairwise compar-
ison. The level of significance is set at p=0.05.

Patient and public involvement
None.

ETHICS AND DISSEMINATION

Ethics approval

Ethical approval for this study was obtained from the
ethics committee (EC) of the Charité—University Medi-
cine Berlin, Germany, (No: 22-0277-EA2/060/22) on 7
October 2022. Additionally, local ethical approval will
be obtained at each participating centre. This study will
be conducted in compliance with Good Clinical Prac-
tice and in accordance with the Declaration of Helsinki,
as well as other applicable local and country regulatory
requirements.

Patient information and consent

The EC of Charité—University Medicine Berlin approved
informed consent documents (ICDs), which will be
used in this study. Study investigators will obtain written
informed consent from each patient before a patient may
participate in this study. All patients in this study will be
completely informed about the purpose, risks, benefits
and other pertinent details of this study. The ICD will be
presented in native, non-technical language that is under-
standable to the patient. The patient will be provided a
copy of the signed ICD. The ICD will be revised whenever
new information becomes available that may be relevant
to their willingness to participate or continue participa-
tion in this study. Revision to the ICD and other written
materials will receive EC approval before implementation.

Publication and dissemination

The study results will be submitted to an international
peerreviewed journal. The Strengthening the Reporting
of Observational Studies in Epidemiology checklist for
cohort studies will be used as a reporting guideline for
the final manuscript.” The findings will also be dissem-
inated through relevant international meetings and
conferences and will be used for further research and
technology development as well as possible change in
clinical practice.

Author affiliations

"Department of General and Visceral Surgery, Campus Benjamin Franklin, Charité
— Universitatsmedizin Berlin, Berlin, Germany

%Department of General, Visceral, Endocrine and Oncologic Surgery, Klinikum Fulda,
Universitatsmedizin Marburg — Campus Fulda, Fulda, Germany

%Department of General, Visceral, Vascular and Transplant Surgery, University
Hospital Magdeburg, Otto von Guericke Universitat Magdeburg, Magdeburg,
Germany

*An-Institute of Quality Assurance in Operative Medicine, Otto von Guericke
Universitat Magdeburg, Magdeburg, Germany

SClinic for General and Visceral Surgery, Klinikum Magdeburg gGmbH, Magdeburg,
Germany

®Department of General and Visceral Surgery, Universititsklinikum Erlangen,
Friedrich-Alexander-Universitat Erlangen-Niirnberg, Erlangen, Germany

"Johnson & Johnson MedTech Medical Safety, Johnson & Johnson World
Headquarters US, New Brunswick, New Jersey, USA

®Department of Epidemiology, Office of the Chief Medical Officer, Johnson &
Johnson World Headquarters US, New Brunswick, New Jersey, USA

°Adjunct, Department of Biostatistics, Epidemiology and Informatics, University of
Pennsylvania Perelman School of Medicine, Philadelphia, Pennsylvania, USA
10CSG — Clinische Studien Gesellschaft mbH, Berlin, Germany

" Johnson & Johnson Institute Hamburg, Johnson & Johnson Medical GmbH,
Norderstedt, Germany

Lauscher J, et al. BMJ Open 2023;13:6070053. doi:10.1136/bmjopen-2022-070053



Acknowledgements We thank G Cafri, Department of Epidemiology, Johnson &
Johnson Office of the Chief Medical Officer, New Brunswick, New Jersey, USA for
his valued assistance as real world evidence and statistics expert consultant. We
are grateful for expert biostatistical consultation from G Schiffhorst, Head of the
Department of Statistics and Biometry, IGES Institute GmbH, Berlin, Germany.

Contributors JL, KB and PMC: Conceptualisation, methodology, validation,
writing—review & editing. CL: Conceptualisation, methodology, validation,
writing—review & editing, funding acquisition. GR: Conceptualisation, methodology,
validation, writing—original draft, writing—review & editing, visualisation, project
administration. AH, RSC, KR, CK and MK: Conceptualisation, validation, writing—
review & editing. All authors approved the study protocol for publication in its
present form.

Funding This work was funded by Johnson & Johnson (grant number N/A).

Competing interests CL, PMC and GR are employees of Johnson & Johnson.
JL, KB, AH, RSC, KR, CK and MK report no competing interests related to the
manuscript.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Goran Ribaric http://orcid.org/0000-0002-2292-3004

REFERENCES

1 Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2021;71:209-49.

2 Alves A, Panis Y, Mathieu P, et al. Postoperative mortality and
morbidity in French patients undergoing colorectal surgery: results of
a prospective multicenter study. Arch Surg 2005;140:278-83,

3 Longo WE, Virgo KS, Johnson FE, et al. Risk factors for morbidity
and mortality after colectomy for colon cancer. Dis Colon Rectum
2000;43:83-91.

4 de Silva S, Ma C, Proulx M-C, et al. Postoperative complications and
mortality following colectomy for ulcerative colitis. Clin Gastroenterol
Hepatol 2011;9:972-80.

5 Morris AM, Baldwin L-M, Matthews B, et al. Reoperation as a quality
indicator in colorectal surgery: a population-based analysis. Ann
Surg 2007;245:73-9.

6 Tevis SE, Kennedy GD. Postoperative complications: looking forward
to a safer future. Clin Colon Rectal Surg 2016;29:246-52.

7 Eto K, Urashima M, Kosuge M, et al. Standardization of surgical
procedures to reduce risk of anastomotic leakage, reoperation, and
surgical site infection in colorectal cancer surgery: a retrospective
cohort study of 1189 patients. Int J Colorectal Dis 2018;33:755-62.

8 Heald RJ. The Holy plane of rectal surgery. J R Soc Med
1988;81:503-8.

9 Sauer R, Becker H, Hohenberger W, et al. Preoperative versus
postoperative chemoradiotherapy for rectal cancer. N Engl J Med
2004;351:1731-40.

10 Bosset J-F, Collette L, Calais G, et al. Chemotherapy with
preoperative radiotherapy in rectal cancer. N Engl J Med
2006;355:1114-23.

11 Hohenberger W, Weber K, Matzel K, et al. Standardized surgery for
colonic cancer: complete mesocolic excision and central ligation --
technical notes and outcome. Colorectal Dis 2009;11:354-64;

12 Bertelsen CA, Bols B, Ingeholm P, et al. Can the quality of colonic
surgery be improved by standardization of surgical technique with
complete mesocolic excision? Colorectal Dis 2011;13:1123-9.

13 Yao HW, Liu YH. Re-examination of the standardization of colon
cancer surgery. Gastroenterol Rep (Oxf) 2013;1:113-8.

14 Keane C, Savage S, McFarlane K, et al. Enhanced recovery after
surgery versus conventional care in colonic and rectal surgery. ANZ J
Surg 2012;82:697-703.

15 Christensen T, Kehlet H. Postoperative fatigue. World J Surg
1993;17:220-5.

16 Nygren J, Soop M, Thorell A, et al. An enhanced-recovery protocol
improves outcome after colorectal resection already during the first
year: a single-center experience in 168 consecutive patients. Dis
Colon Rectum 2009;52:978-85.

17 Wind J, Polle SW, Fung Kon Jin PHP, et al. Systematic review
of enhanced recovery programmes in colonic surgery. Br J Surg
2006;93:800-9.

18 Gibson A, Tevis S, Kennedy G. Readmission after delayed diagnosis
of surgical site infection: a focus on prevention using the American
College of surgeons national surgical quality improvement program.
Am J Surg 2014;207:832-9.

19 Cima R, Dankbar E, Lovely J, et al. Colorectal surgery surgical site
infection reduction program: a national surgical quality improvement
program -- driven multidisciplinary single-institution experience.

J Am Coll Surg 2013;216:23-33.

20 Naylor MD, Brooten D, Campbell R, et al. Comprehensive discharge
planning and home follow-up of hospitalized elders: a randomized
clinical trial. JAMA 1999;281:613-20.

21 Feige K, Gollnick |, Schmitz P, et al. The application of surgical
procedure manager (SPM): first experience with FESS. Eur Arch
Otorhinolaryngol 2017;274:3407-16.

22 Johnson & Johnson MedTech. Available: https://www.jnjmedtech.
com/en-EMEA/surgical-process-institute [Accessed 18 Oct 2022].

23 Haynes AB, Weiser TG, Berry WR, et al. A surgical safety checklist to
reduce morbidity and mortality in a global population. N Engl J Med
2009;360:491-9.

24 Weiser TG, Haynes AB. Ten years of the surgical safety checklist. Br
J Surg 2018;105:927-9.

25 World Health Organization & WHO Patient Safety. The second global
patient safety challenge: safe surgery saves lives. World Health
Organization; 2008. Available: https://apps.who.int/iris/handle/10665/
70080 [Accessed 18 Oct 2022].

26 Webster CS. Checklists, cognitive AIDS, and the future of patient
safety. Br J Anaesth 2017;119:178-81.

27 Hepner DL, Arriaga AF, Cooper JB, et al. Operating room
crisis checklists and emergency manuals. Anesthesiology
2017;127:384-92.

28 Alamri Y, Frizelle F, Al-Mahrougi H, et al. Surgical ward round
checklist: does it improve medical documentation? A clinical review
of Christchurch general surgical notes. ANZ J Surg 2016;86:878-82.

29 Sullivan P, Castleberry C, Tripathi S. SSI prevention checklist —
colorectal protocol. emory healthcare. Available: http://www.med.
emory.edu/education/vme/SSIPrevention/Colorectal/index.html
[Accessed 18 Oct 2022].

30 Hewitt DB, Tannouri SS, Burkhart RA, et al. Reducing colorectal
surgical site infections: a novel, resident-driven, quality initiative. Am
J Surg 2017;213:36-42.

31 Hardiman KM, Reames CD, McLeod MC, et al. Patient autonomy-
centered self-care checklist reduces hospital readmissions after
ileostomy creation. Surgery 2016;160:1302-8.

32 Eisenstein S, Grucela AL. Checklist for patients and OR team in
preparation for laparoscopic colorectal surgery. In: Sylla P, Kaiser A,
Popowich D, eds. The SAGES Manual of Colorectal Surgery. Cham:
Springer, 2020.

33 Banasiewicz T, Krokowicz &, Richter P, et al. Checklist in colorectal
surgery-proposal of experts of the Polish club of coloproctology and
national consultant in general surgery. Pol Przegl Chir 2017;89:44-9.

34 Available: https://fascrs.org/publication/rectal-cancer-safety-
checklist [Accessed 18 Oct 2022].

35 ECRI. Available: https://www.ecri.org/press/misuse-surgical-staplers-
tops-ecri-institute-2020-technology-hazards [Accessed 18 Oct
2022].

36 Available: https://www.fda.gov/medical-devices/letters-health-care-
providers/safe-use-surgical-staplers-and-staples-letter-health-care-
providers [Accessed 18 Oct 2022].

37 Lagoo J, Singal R, Berry W, et al. Development and feasibility testing
of a device briefing tool and training to improve patient safety during
introduction of new devices in operating rooms: best practices and
lessons learned. J Surg Res 2019;244:579-86.

38 Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of 6336
patients and results of a survey. Ann Surg 2004;240:205-13.

39 Available: https://www.strobe-statement.org/ [Accessed 18 Oct
2022].

Lauscher J, et al. BMJ Open 2023;13:6070053. doi:10.1136/bmjopen-2022-070053


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2292-3004
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.1001/archsurg.140.3.278
http://dx.doi.org/10.1007/BF02237249
http://dx.doi.org/10.1016/j.cgh.2011.07.016
http://dx.doi.org/10.1016/j.cgh.2011.07.016
http://dx.doi.org/10.1097/01.sla.0000231797.37743.9f
http://dx.doi.org/10.1097/01.sla.0000231797.37743.9f
http://dx.doi.org/10.1055/s-0036-1584501
http://dx.doi.org/10.1007/s00384-018-3037-3
http://dx.doi.org/10.1177/014107688808100904
http://dx.doi.org/10.1056/NEJMoa040694
http://dx.doi.org/10.1056/NEJMoa060829
http://dx.doi.org/10.1111/j.1463-1318.2008.01735.x
http://dx.doi.org/10.1111/j.1463-1318.2010.02474.x
http://dx.doi.org/10.1093/gastro/got020
http://dx.doi.org/10.1111/j.1445-2197.2012.06139.x
http://dx.doi.org/10.1111/j.1445-2197.2012.06139.x
http://dx.doi.org/10.1007/BF01658930
http://dx.doi.org/10.1007/DCR.0b013e31819f1416
http://dx.doi.org/10.1007/DCR.0b013e31819f1416
http://dx.doi.org/10.1002/bjs.5384
http://dx.doi.org/10.1016/j.amjsurg.2013.05.017
http://dx.doi.org/10.1016/j.jamcollsurg.2012.09.009
http://dx.doi.org/10.1016/j.jamcollsurg.2012.09.009
http://dx.doi.org/10.1001/jama.281.7.613
http://dx.doi.org/10.1007/s00405-017-4658-9
http://dx.doi.org/10.1007/s00405-017-4658-9
https://www.jnjmedtech.com/en-EMEA/surgical-process-institute
https://www.jnjmedtech.com/en-EMEA/surgical-process-institute
http://dx.doi.org/10.1056/NEJMsa0810119
http://dx.doi.org/10.1002/bjs.10907
http://dx.doi.org/10.1002/bjs.10907
https://apps.who.int/iris/handle/10665/70080
https://apps.who.int/iris/handle/10665/70080
http://dx.doi.org/10.1093/bja/aex193
http://dx.doi.org/10.1097/ALN.0000000000001731
http://dx.doi.org/10.1111/ans.13425
http://www.med.emory.edu/education/vme/SSIPrevention/Colorectal/index.html
http://www.med.emory.edu/education/vme/SSIPrevention/Colorectal/index.html
http://dx.doi.org/10.1016/j.amjsurg.2016.04.009
http://dx.doi.org/10.1016/j.amjsurg.2016.04.009
http://dx.doi.org/10.1016/j.surg.2016.05.007
http://dx.doi.org/10.1007/978-3-030-24812-3_9
http://dx.doi.org/10.5604/01.3001.0010.6755
https://fascrs.org/publication/rectal-cancer-safety-checklist
https://fascrs.org/publication/rectal-cancer-safety-checklist
https://www.ecri.org/press/misuse-surgical-staplers-tops-ecri-institute-2020-technology-hazards
https://www.ecri.org/press/misuse-surgical-staplers-tops-ecri-institute-2020-technology-hazards
https://www.fda.gov/medical-devices/letters-health-care-providers/safe-use-surgical-staplers-and-staples-letter-health-care-providers
https://www.fda.gov/medical-devices/letters-health-care-providers/safe-use-surgical-staplers-and-staples-letter-health-care-providers
https://www.fda.gov/medical-devices/letters-health-care-providers/safe-use-surgical-staplers-and-staples-letter-health-care-providers
http://dx.doi.org/10.1016/j.jss.2019.05.056
http://dx.doi.org/10.1097/01.sla.0000133083.54934.ae
https://www.strobe-statement.org/

	Impact of a digital surgical workflow including Digital Device Briefing Tool on morbidity and mortality in a patient population undergoing primary stapled colorectal anastomosis for benign or malignant colorectal disease: protocol for a multicentre prospe
	Abstract
	Introduction﻿﻿
	Study objectives

	Methods and analysis
	Study design
	Study population
	Setting
	Inclusion criteria
	Exclusion criteria
	Comparison groups
	Cohort A: non-digital operative workflow
	Cohort B: SPI-guided operative workflow
	Cohort C: SPI-guided operative workflow including DDBT for stapled colorectal anastomosis

	Outcome measures
	Patient visits and follow-up
	Data collection and data management
	Statistical analysis
	Sample size justification and level of significance
	Patient and public involvement

	Ethics and dissemination
	Ethics approval
	Patient information and consent
	Publication and dissemination

	References


