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Abstract

Aim: The aim of this work is to develop and operationally define performance metrics
that characterize a reference approach to circular stapling anastomosis during minimally
invasive left-sided colorectal resection and to obtain face and content validity through a
consensus meeting.

Method: Three expert colorectal surgeons with advanced experience with minimally
invasive surgery, a senior behavioural scientist and a research fellow with experience
in performance metrics development formed the Metrics Group. Technical support was
provided by device engineers. Published guidelines, training materials, manufacturers'
instructions for use and unedited videos of circular stapling anastomosis in minimally
invasive left-sided colorectal resection were used to deconstruct the task into defined,
observable performance units or metrics (i.e. procedural phases, steps, errors and critical
errors). The performance metrics were then subjected to detailed review by 16 expert
colorectal surgeons in a modified Delphi process.

Results: Performance metrics for circular stapling anastomosis during minimally invasive
left-sided colorectal resection had three procedural phases with 32 steps, 40 errors and
38 critical errors. After the modified Delphi process the agreed performance metrics con-
sisted of three procedural phases, 36 steps, 42 errors and 39 critical errors. A group of
expert colorectal surgeons from Europe verified the face and content of these metrics.
After discussion, all procedural phases received unanimous consensus by the Delphi panel.
Conclusion: Circular stapling anastomosis during the minimally invasive approach to left-
sided colorectal resection can be broken down into procedural phases and steps, with er-
rors and critical errors known as performance metrics. We consider the metrics essential
for the development of structured training in using circular stapling anastomosis in the

minimally invasive approach to left-sided colorectal resection.
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INTRODUCTION

The performance of intestinal anastomosis is one of the most critical
steps in colorectal surgery, and complications associated with anas-
tomosis can have devastating consequences for the patient's clini-
cal, functional and oncological outcomes. Complications also create
a significant burden on the healthcare system. Circular stapling is
commonly performed in left-sided colorectal anastomosis (sigmoid
colectomy, high and low anterior resection) for benign and malig-
nant conditions. It is used in open, laparoscopic and robotic surger-
ies. A recent review of a healthcare database with 13167 patients
who underwent left-sided colorectal resection showed that 22.7%
of patients had circular anastomotic complications [1]. In another
study, knowledge gaps in many surgeons' understandings of the
safe use of various commonly used medical devices, including sta-
pling knowledge, were reported [2]. A high incidence of technical
errors involving the use of circular staplers has also been reported
[3]. Consequently, there is a need for surgical strategies and tech-
nologies to standardize and quality assure anastomotic techniques
to lower the risk of anastomotic complications [4]. Emerging evi-
dence has shown a strong relationship between the intraoperative
performance of the surgeon operator and patient outcomes [5]. Our
endeavour from a surgical community is to improve intraoperative
performance [5], which we believe will have a considerable impact
on patient safety and operative outcomes. One scientific approach
to improving intraoperative performance is proficiency-based pro-
gression (PBP) simulation training. PBP begins by deconstructing
the procedure or skill being focused on into explicitly defined (bi-
nary) performance metrics, which are then validated [6]. The PBP
approach to training makes skill acquisition more objective, trans-
parent and fair. During training, trainees are given metric-based
feedback on their performance, which is explicit, constructive and
formative [7]. In a recent systematic review of 12 prospective rand-
omized and blinded clinical studies (PBP-trained versus traditionally
trained surgeons), PBP-trained surgeons demonstrated significantly
fewer performance errors (a 60% reduction) [8].

Our overarching goal was to improve training in circular stapling
devices in minimally invasive left-sided colorectal anastomosis using
PBP methodology, and this first part of our project was to develop
and objectively define performance metrics that characterize a ref-
erence approach to the application of circular stapling devices in
left-sided colorectal anastomosis during minimally invasive opera-
tions (i.e. laparoscopic and robotic) and to obtain face and content
validity through a consensus meeting (i.e. with a Delphi panel) of
very experienced and expert colorectal surgeons (senior consultant

>10years’ colorectal practice).

METHOD

The principle of metric development and stress testing (face and

content validation) for PBP training has been described in detail

What does this paper add to the literature?

The present study is the first to describe the development
and the performance metrics for training in circular sta-
pling anastomosis for a minimally invasive approach to left-

sided colorectal resection.

previously [9]. This approach was applied when developing the cir-
cular stapling anastomosis metrics for minimally invasive left-sided
colorectal anastomosis and is described below.

Metrics Group

The Metrics Group consists of three experienced colorectal sur-
geons (AW, GB, ST) with a special interest in minimally invasive sur-
gery, a senior behavioural scientist and an education-training expert
(AGG), and a research fellow who is specialized in metrics develop-
ment for surgical procedures (RF). Input was sought from device en-

gineers who specialize in circular stapling devices.

Circular stapling anastomosis metrics development

A detailed task analysis and deconstruction process was used to de-
construct a reference approach to the use of circular stapling anas-
tomosis for minimally invasive left-sided colorectal procedures in
small, nonoverlapping performance units [10-12]. Published written
guidelines, video teaching materials, manufacturer's instructions for
use and access to 10 anonymized unedited minimally invasive left-
sided colorectal operations using circular stapling anastomosis per-
formed by surgeons with different levels of experience supported
the metrics development and procedure characterization process.
The goal was to characterize a ‘reference’ approach to circular sta-
pling anastomosis used in minimally invasive left-sided colorectal
operations. A reference procedure is assumed to be a straightfor-
ward and uncomplicated guide for trainees in learning the optimum
performance of these procedures. The phases and steps are the
same for female and male patients undergoing the anastomosis part
of the minimally invasive left-sided colorectal resection. For the ‘ref-
erence procedure’ there are agreed criteria for patient selection and
procedure-specific factors (Table 1).

A one-day preliminary face-to-face planning meeting, three
face-to-face meetings for metrics identification and definition and
the metric stress test were conducted. Videoconferences (a total of
5h) using Zoom (San Jose, CA, USA) and email exchanges were used
to complement face-to-face meetings for further clarification and
definition of the metrics.

At the beginning of the metrics development the Metrics Group

agreed on the following definitions:
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TABLE 1 Patient selection criteria and procedure-specific
criteria for the ‘reference’ procedure.

Patient selection
Sigmoid colectomy
High/low anterior resection + ileostomy
Body mass index 30kg/m? or less
American Society of Anesthesiologists grade 3 or less
Cancer or benign disease (e.g. diverticular disease)
Procedure
Minimally invasive (laparoscopic or robotic)
End-to-end anastomosis, double-stapled anastomosis

Proximal end—well-vascularized (indocyanine green optional),
tension free (mobilized), transected perpendicular to its
longitudinal axis

Distal end—well-vascularized, transected perpendicular to its
longitudinal axis

Note: A ‘reference’ procedure for training should be a straightforward,
uncomplicated procedure.

Performance metrics: units of observable behaviour which to-
gether constitute a stepwise description of a reference approach to
a procedure.

Procedural phase: a group or series of integrally related events or
actions that, when combined with other phases, make up or consti-
tute a complete operative procedure.

Step: a component task, the series aggregate of which forms the
completion of a specific procedure.

Error: a deviation from optimal performance.

Critical error: a major deviation from optimal performance,
which is likely to cause harm to the patient or compromise the safe
completion of the procedure [13-15].

The metrics, therefore, consist of procedural phases involved in
a minimally invasive left-sided colorectal anastomosis. Each phase
comprises specific steps required for accomplishment. The impor-
tance of the metrics approach in defining these phases and steps is
that these are explicit and unambiguous. The procedural step either
occurred or did not occur and can be scored as such by an external
reviewer with high reliability [16-18]. Similarly, procedural errors
and critical errors were defined associated with particular steps
within different phases of the procedure. For errors, behaviours
exhibited by the operator may not necessarily in and of themselves
lead to a bad outcome or an event with more serious consequences,
but their enactment sets the stage or increases the probability for
a more serious event to occur or detracts from the efficient and
possibly safe execution of the desired procedure. In contrast, a ‘crit-
ical error’ is a more serious occurrence and represents operative
performance that could either jeopardize the outcome of the proce-
dure or lead to significant iatrogenic damage [11, 13, 14].

Figure 1 illustrates an example of a procedural phase charac-
terized by circular stapling anastomosis in minimally invasive left-

sided colorectal procedures. In addition to the metrics, valuable

knowledge and principles of the operation were compiled, such as
the mechanics and science of anastomosis, to facilitate the learning
process; these formed the didactic component for the learner during
the training process.

Once the Metrics Group had defined the metrics they were
then used to score five unedited anonymized circular stapler anas-
tomosis parts of the minimally invasive approach for left-sided
colorectal resection performed by different surgeons with various
levels of experience. Scoring was performed by the members of
the Metrics Group independently. Any difference in the scoring
was discussed in order to identify discrepancies in interpretation
or ambiguities in the metric definition. Based on this process, and
if agreed upon, changes were made in the metrics, which facili-
tated the scoring agreement. This process was repeated for each
video until the Metrics Group was satisfied with the metrics and
they could be scored with a high degree of reliability (i.e. inter-rater
reliability >0.8, which is the internationally agreed gold standard)
[19, 20].

Metrics stress testing (face and content validation)
with a modified Delphi approach

Once the metrics for the circular stapling anastomosis for mini-
mally invasive left-sided colorectal resection had been defined and
characterized, face validity and content were verified by a group of
experienced colorectal surgeons. An international panel of expert
colorectal surgeons was invited to join the Delphi panel [11, 13-15,
21] to provide a more objective and independent assessment of
the metrics. Informed consent was obtained from the Delphi panel
members. The panel was chosen for their colorectal surgical expe-
rience and their demonstrated educational interests and commit-
ment. The equality, diversity and inclusion principle was adhered
to when selecting the Delphi panel members [22].

Sixteen expert colorectal surgeons, including the Metrics Group
members from nine countries, a nonvoting behavioural scientist and
a nonvoting fellow who is familiar with metrics development in sur-
gical procedures, attended a consensus meeting in Dublin, Ireland on
23 September 2022 (Table 2).

A brief overview of the project and meeting objectives was
presented. Background information regarding PBP training meth-
odology, prior literature demonstrating the validity of this training
approach for procedural specialties and the specific objectives of
the current Delphi panel were reviewed [23]. Each phase of the
procedure, the procedural steps that were included in that phase,
and the potential errors were presented. It was also explained
that the associated metrics had been developed by the Metrics
Group for a reference approach to circular stapling anastomosis
for minimally invasive left-sided colorectal resections. It was ac-
knowledged that the designated reference procedure might not
reflect the exact techniques employed by individual Delphi panel-

lists, but that the operative steps presented accurately embodied
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Surgeons request the correct staple length and height

Step Error Critical Error DNTT

transection)

2.  Rectum is transected completely with no more than two staple firings in a line
perpendicular to its longitudinal axis (direction of stapler firing depends on the level of

to the longitudinal axis of the rectum

3. Ifsecond stapler is used, it should be in continuation of the first staple line, perpendicular

4. The staple line should be complete and the lumen of the rectum should be closed

Transection of the rectum was not in a straight line E

5. The divided rectum is placed in the abdominal cavity and the specimen is extracted
through a small incision (4-5 cm) in the abdominal wall with use of a wound protector

® Failure to transect the rectum in a selected location CE

® Not visualizing the first staple line E

® Failure to check the length of stapler E

FIGURE 1 Example of a phase during circular stapling anastomosis in the minimally invasive approach in left-side colorectal resections
that was characterized with steps, errors and critical errors. DNTT, damage to nontarget tissue. Some of the errors/critical errors are shown.

TABLE 2 Number of surgeons from each country represented in
the Delphi panel.

Country Number of surgeons

Austria
Belgium
UK

Ireland
Switzerland
Malaysia
Spain
Greece
Poland
Total

B RN R R RO W R

-
o

the essential and key components of the procedure and ‘were not
wrong’ [11, 13-15].

To assess the correlation of the procedural steps, errors and
critical errors before and after the Delphi process, changes were
analysed with the Pearson chi-square test (IPM SPSS Statistics for
Windows, version 26; IBM Corp., Armonk, NY, USA). A p-value of
<0.05 was considered statistically significant.

RESULTS

The ages of the panel members ranged from 34 to 65years, and
there were five female surgeons. Six panel members were heads of
their respective departments and four were full professors affiliated
with universities. The combined number of colorectal resections
performed or supervised by the Delphi panel was more than 1500
per annum.

The Metrics Group proposed three phases for the circular sta-
pling anastomosis in minimally invasive left-sided colorectal resec-
tion, each with a defined beginning and end (Table 3).

Some criteria needed to be fulfilled before the circular stapling
anastomosis stage. During the Delphi meeting, the Delphi panel
suggested and agreed upon two additional conditions (see Method
section): the rectal stump should be clean and the surgeon should
(have) read the instructions for use for the circular stapling device.

During the Delphi meeting, four steps were added, making a total
of 36 steps for the three phases of the circular stapling anastomosis
(Table 4). The added steps were ‘Surgeons request the correct staple
length and height’ when using a linear stapler in the transection of the
rectum (Phase 1), ‘Surgeons request for the correct stapler and stapler
size’ when using a circular stapler in the preparation of the proximal
colon for anastomosis (phase Il), ‘Verify verbal communication between
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TABLE 3 The beginning and end of the different phases of the reference approach to the circular stapling anastomosis for left-sided
colorectal procedures and the changes agreed and voted on by the Delphi panel.

Procedural phase Title

Phase begins

Phase ends

| Transection of the rectum

1l Preparation of proximal colon for
anastomosis

1 Anastomosis

Transection of the rectum

Colon is transected
completely

Move the proximal bowel

Extraction of the specimen

Closing the extraction site incision to re-
establish pneumoperitoneum

Check the anastomosis for leakage, e.g. air

to pelvis leak test, rigid or flexible sigmoidoscopy
TABLE 4 Steps before and after the Delphi meeting.
Steps before
Procedural phase Title Delphi Steps after Delphi  Added Deleted Modified
| Transection of the rectum 4 5 1 0 0
1] Preparation of proximal colon for 13 14 1 0 1
anastomosis
1 Anastomosis 15 17
Total after three 32 36 4 0 4
phases
TABLE 5 Errors before and after the Delphi meeting.
Errors before Errors after
Procedural phase Title Delphi Delphi Added Deleted Modified
| Transection of the rectum 7 6 0 1 2
1 Preparation of proximal colon for 24 24 0 0 1
anastomosis
1l Anastomosis 9 12 3 0
Total after three 40 42 3 1

phases

the surgical team members before firing the stapler’, ‘Surgeon fire the
stapler in a standing position (to stabilize during firing) during anasto-
mosis’ (Phase Ill). Modifications were made in four steps (Phases | and
1) to make the steps more explicit and instructive.

The Metrics Group identified 40 procedural errors in the three
phases, and after the Delphi meeting the total number of procedural
errors was 42 (Table 5).

There were 38 procedural critical errors before and 39 after the
Delphi meeting (Table 6).

Furthermore, the number of procedural steps, errors and critical
errors before and after the Delphi changes were highly correlated
[Pearson correlation coefficient r=0.974 (95% Cl r=0.861-0.994)
p<0.001].

On average, there were more procedural steps [before 10.7
(SD=5.9); after 12 (SD=6.2)] at the end of the Delphi meeting.
The same was observed for errors [before 13.3 (SD=9.3); after 14
(SD=9.2)] and critical errors [before 12.7 (SD=9); after 13 (SD=8)].
When we compared these differences with Wilcoxon sign rank (two-
tail) tests none of the differences were found to be statistically sig-
nificant (steps, Z=-1.633, p=0.102; errors, Z=-0.447, p=0.665;
critical errors, Z=0, p=1.0).

After discussion and changes to the metrics incorporated during
the meeting, the metrics for circular stapling anastomosis in mini-
mally invasive left-sided colorectal resection received 100% consen-
sus from the Delphi panel.

DISCUSSION

Anastomotic complications are common following left-sided colo-
rectal resection. Among these complications, an anastomotic leak
can have devastating consequences for patients' outcomes, includ-
ing survival rate, cancer recurrence, permanent stoma, negative im-
pact on the bowel and sexual function and long-term quality of life
[1, 24]. Complications also increase the length of hospital stay and
place a significant extra resource burden on healthcare institutions
[1, 24]. Researchers have been studying the factors associated with
anastomotic complications and identifying management strategies
to reduce the burden caused by these complications [25]. The cir-
cular stapling device is commonly used in left-sided colorectal anas-
tomosis, in both cancer and benign conditions, but this crucial step
of the procedure has not been taught in surgical training. Given that
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TABLE 6 Critical errors before and after the Delphi meeting.
Critical errors Critical errors after
Procedural phase Title before Delphi Delphi Added Deleted Modified
| Transection of the rectum 10 3 0
I Preparation of proximal colon for 8 7 0 1 0
anastomosis
1l Anastomosis 23 22 1 2 0
Total after three 38 39 4 3 1

phases

evidence suggests there are gaps in stapling knowledge and a high
incidence of technical errors when using a circular stapler, there is
an imperative to standardize and define structured training for this
critical part of the procedure [2-4].

More focus is now placed on the surgeon's skill, as evidence
now shows that it is strongly linked with patient outcomes [5]. The
Metrics Group has identified one scientific approach to structured
training in circular stapling anastomosis in minimally invasive left-
sided colorectal resection, namely PBP simulation training. This
method makes skill acquisition more objective, transparent and fair.
Based on Level 1a evidence, use of the PBP method significantly
reduced performance errors by 60% [8].

Using the PBP method, we characterized the performance
metrics (procedural phases, steps, errors, critical errors) for circu-
lar stapling anastomosis for minimally invasive left-side colorectal
resection. A minimally invasive approach for left-sided resection is
widely practised, but practitioners would find the metrics useful for
the open approach. The performance metrics development process
was robust and has been used with success in other disciplines [11,
13, 14, 21]. The Metrics Group consisted of three expert colorectal
surgeons and individuals who specialize in the PBP methodology, in-
cluding a senior behavioural scientist with more than two decades
of experience in surgical training. Expert engineers working with the
circular stapling device were consulted, specifically in relation to in-
structions for use and technical device handling.

These performance metrics were scrutinized by a panel of ex-
pert colorectal surgeons from different European countries and a
renowned minimally invasive expert surgeon from an academic cen-
tre in Malaysia.

During a minimally invasive approach to left-sided colorectal
resection, surgeons have variations of practice when performing
circular stapling anastomosis. The performance metrics presented
in the Delphi meeting aimed to outline a standardized approach suit-
able for learners. Minor modifications were made during the Delphi
meeting to make the performance metrics more explicit and instruc-
tive. Some general principles, for example stapling technologies, will
be provided as didactic to the trainees in addition to the metrics.

The pre- and post-Delphi metrics were highly correlated
(Tables 3-6). After incorporating the changes suggested by the
Delphi panel, voting was obtained at the end of the discussion
of each phase. All of the procedural phases received unanimous
agreement.

Anastomotic complications, particularly leaks, are among the
most feared complications in colorectal surgery. The anastomotic
part of the procedure is performed towards the end of an operation;
potentially, issues of fatigue and concentration may be introduced
at this crucial part of the operation. A successful operation also de-
pends on the skills of the operating team, not only the lead surgeon.
This is important, as often the introduction of the circular stapling
device is performed by more junior surgical team members.

During the Delphi meeting, the panel members recognized the
knowledge gap and training needed in the use of the circular stapling
device. Some valuable additional comments were made and incor-
porated into the performance metrics, such as ‘Surgeons request for
the correct stapler and stapler size’ and ‘Verify verbal communica-
tion between the surgical team members before firing the stapler’.

The PBP approach to characterize these three phases of circu-
lar stapling anastomosis during a crucial part of a minimally invasive
approach to left-sided colorectal resection allows surgeons to learn
the steps with explicit performance instructions about what to do
and, possibly more importantly, what not to do. The PBP method af-
fords performance assessments where the metrics are used to pro-
vide feedback to learners that are objective, transparent, explicit,
constructive and formative. The errors and critical errors that were
described would further enhance training.

The proposed metrics are for a standard and straightforward
procedure. The aim is to provide a structured stepwise approach to
use of the device during this segment of the procedure. We do, how-
ever, appreciate the variety of practices; for example, when making
the purse-string for the proximal end of the colon, a purse-string
applicator can be used instead of a manual purse-string, as detailed

in our metrics.

CONCLUSION

During a minimally invasive approach to left-sided colorectal resec-
tion, circular stapling anastomosis can be broken down into pro-
cedural phases and steps, with errors and critical errors known as
performance metrics. Data from a large group of expert colorectal
surgeons from Europe provided evidence to support the face and
content of these metrics. We consider the metrics essential for de-
veloping structured training using circular stapling anastomosis in
a minimally invasive approach to left-sided colorectal resection.
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Further development of these metrics is vital to guide the training

curriculum and assessment.
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