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Abstract

Backgrounds: To achieve a competency-based training paradigm, the ability to obtain reli-
able and valid quantitative assessments of intraoperative performance is required. Through
this, weaknesses can be identified and practiced, and competency assessed. This study
aimed to determine the validity and reliability an objective evaluation tool for assessment of
performance in laparoscopic appendicectomy (LA).
Methods: A prospective single-blinded observational study design was used. Videos of
inexperienced (performed <10 LAs) and experienced (performed >100 LAs) surgeons per-
forming LA surgery were collected. Surgical performance during each recording was rated
by two independent, blinded expert surgeons using the LA Rating Scale (LARS) and the
modified Objective Structured Assessment of Technical Skill (OSATS) scale.
Results: The intraclass correlation coefficient (ICC) for LARS was 0.95 (95%CI 0.83–
0.98). The ICC for each step ranged from 0.48 to 0.90, and the test–retest ICC for LARS
was 0.91 (95%CI 0.69–0.98). Significant differences (P < 0.001) between median perfor-
mance scores as rated by LARS were observed between the inexperienced and experienced
surgeons. A Spearman’s correlation coefficient of 0.87 (P < 0.001) was observed between
LARS performance scores and modified OSATS scores.
Conclusion: LARS demonstrated excellent inter-rater and test–retest reliability, and con-
struct and concurrent validity and can be used to quantitatively evaluate performance during
LA. This can potentially allow specific weaknesses to be identified and improved upon
through deliberate practice. Progress can be tracked through re-evaluation and scores of
expert surgeons can be used as performance goals for credentialing in LA.

Introduction

The traditional philosophy of surgical training has been that of a
‘time-based’ apprenticeship model with no objective method of
assessing competence at specific operations. However, given that
learners acquire skills at different rates there may be a variation in
the time it takes trainees to achieve competence. The revised Gen-
eral Surgery Education and Training (GSET) program that is due to
commence in 2022 provides a step towards a competency-based
training paradigm with the introduction of entrustable professional
activities and procedure-based activities certifying independent

practice. To effectively track a trainee’s progress and identify those
that require further training to reach competence, quantitative and
objective measures of competence are needed. These could be used
by training boards and trainees to ascertain when individuals are
competent to independently perform specific operations safely.

A number of evaluation tools for surgical procedures have been
developed over the last two decades starting with the Objective
Structured Assessment of Technical Skills (OSATS) tool.1 Being
the most extensively investigated tool, its reliability, construct, con-
current, and predictive validity has been demonstrated.2 An OSATS
scale modified for laparoscopic surgery has also been developed
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and validated.3 While these tools are reliable and valid methods of

assessing generic technical skills, they do not provide an assess-

ment or feedback relating to which specific steps or techniques

within an operation a trainee requires further practice. Conse-

quently, procedure-specific evaluation tools have been developed.4

Most of these instruments, however, are institution specific so their

applicability to a national training program is limited. Palter et al.

used a multi-institutional approach to develop procedure-specific

evaluations tools for laparoscopic right hemicolectomy and sigmoid

colectomy surgery.5 These tools were subsequently demonstrated to

have strong reliability and construct validity.6

The laparoscopic appendicectomy (LA) is the most common
general surgery emergency procedure, and often performed by the
most junior trainees. Indeed, the ability to perform a LA is a pre-
requisite for selection into the GSET program and deemed as a core
procedure within the GSET program that must be completed inde-
pendently with minimal supervision and guidance by the end of the
third year of training. However, in its current format, certification
of this from a supervising surgeon is required, rather than an objec-
tive quantitative demonstration of competence. We therefore devel-
oped the laparoscopic appendicectomy rating scale (LARS), which
is a multi-institutional procedure-specific evaluation tool for LA
surgery. The aims of this study were to determine the reliability and
validity of LARS in objectively evaluating performance during
actual LAs.

Methods

Study design

This study utilized a prospective single-blinded observational study
design to evaluate the reliability and validity of LARS.

Participants

At a tertiary hospital in Sydney, New South Wales, patients with
suspected appendicitis scheduled to undergo a LA were identified
through daily review of the emergency operating list. Informed con-
sent was initially obtained from patients to video record the LA
they were scheduled to have. If the patient agreed to having the LA
video recorded consent was obtained from the primary surgeon per-
forming the LA. Ethical approval for this study was obtained from
the Human Research Ethics Committee – Concord Hospital of the
Sydney Local Health District.

The surgeons were categorized based on their operative experi-
ence at LA. Experienced surgeons were defined as those who were
post-fellowship surgeons and had performed >100 LAs as primary
operator to ensure they were well beyond the learning curve. Inex-
perienced surgeons were those who had performed <10 LAs as pri-
mary operator.

Assessment tools

Two assessment tools were used in this study. The first was LARS,
which is a procedure-specific evaluation tool to assess performance
during LA. It comprises of descriptors of ‘poor’, ‘average’ and
‘excellent’ performance for each step of a LA, scored on a Likert

scale between 1 and 5. This tool was developed by obtaining multi-
institutional expert consensus regarding the suitability of the steps
and descriptors of performance for inclusion into the LARS. The
second assessment tool used in this study was the modified OSATS
global rating scale.

Video analysis

Videos of the LA were only commenced following intra-abdominal
placement of the laparoscope and ceased at the end of the case.
There was no audio recorded. Inexperienced surgeons were assisted
by experienced surgeons and both surgeons were told to make no
changes to their usual practice including the verbal guidance that
the experienced surgeon would provide to the inexperience
surgeon.

The recordings were reviewed by two trained independent sur-
geons to assess operative performance during each case using
LARS and modified OSATS. These raters were post-fellowship
surgeons, with an interest in surgical education, who had performed
>100 LAs. The raters were blinded to the experience level of the
surgeon. Both raters participated in a 30-minute orientation session
with a study team member to familiarize themselves with the evalu-
ation tools. Each rater was walked through the procedural steps
included in the tool, as well as the descriptors of performance. They
were asked to use the descriptors to evaluate performance and
encouraged to use the full range of the 5-point Likert scale as
appropriate. The raters were given further time to independently
review the tool followed by an opportunity to ask questions. View-
ing the videos at a faster playback speed was permitted if it did not
interfere with evaluation of performance. For any steps within the
rating scales that could not be visualized on the videos the raters
were asked to mark the step as “not applicable”.

Data analysis

The minimum number of videos needed in each group was deter-
mined based on a previous study that evaluated the Global Opera-
tive Assessment for Laparoscopic Skills (GOALS).7 In this study,
the minimum relevant difference in mean scores between novice
and experience surgeons was 6.4.7 Based on a standard deviation of
4.5, a power of 80% and an alpha of 0.05, the minimum number of
videos required in each group was 8. All statistical analyses were
performed using SPSS (statistical package for social sciences ver-
sion 20.0, Chicago, IL, USA). Descriptive statistics were calculated
for the LARS scores using medians and interquartile ranges.

Reliability assessment was deconstructed into inter-rater reliabil-
ity and test–retest reliability. Inter-rater reliability was determined
using the intraclass correlation coefficient (ICC, 2-way mixed-
effects model, absolute agreement), which measures the internal
consistency of the total scores and scores for each step as rated by
the two blinded surgeons. A cut-off value of an ICC > 0.8 has been
previously suggested to be a benchmark for demonstrating good
reliability.8 The scores of the two raters were also assessed for cor-
relation using Spearman’s correlation coefficient. To determine the
test–retest reliability, a single recorded case was randomly selected
for re-rating by both raters using LARS 6 months following the
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original assessment of the selected case. Utilizing the ICC, the
total scores rated by both raters during the original assessment of
the case was correlated to the total scores rated during the
re-assessment.

The ability of LARS to detect differences in experience level
between the groups (construct validity) was measured using Mann–
Whitney U test before and after pooling the scores of the two raters
for each step. Concurrent validity was assessed by correlating the
LARS scores with the corresponding modified OSATS scores using
Spearman’s correlation coefficient. For the analyses of validity,
each rater’s scores as well as the combined LARS scores were
expressed as a percentage of the total possible score. Similarly, the
combined modified OSATS scores were expressed as a percentage
of the total score. This was conducted in case of a failure to capture
or an inability to analyse part of a procedure.

Results

Eighteen videos of LAs comprising of nine by inexperienced sur-
geons and nine by experienced surgeons were obtained. There were
nine different experienced surgeons and eight different inexperi-
enced surgeons (two separate procedures by one inexperienced sur-
geon). One of the videos of the inexperienced surgeons was unable

to be analysed following the dissection of the mesoappendix and
division of the appendicular artery as the video recording system
failed after this point in the procedure. For all surgeons, the perfor-
mance rating for the one of the steps (‘Inspection of all four quad-
rants and inspect for other differentials [including small bowel run]
if appendix macroscopically normal was either performed or not’)
was excluded from the analysis as the binary nature of this data had
the potential to skew the results of the reliability results.

Reliability assessment

The overall ICC for LARS was 0.95 (95% CI 0.83–0.98;
P < 0.001) and the scores as rated by the two independent blinded
surgeons correlated with a coefficient of 0.91. The ICC for each
individual step ranged from 0.48 and 0.90 (Table 1). For the inex-
perienced surgeons, the inter-rater agreement between the raters
was 0.86 (95% CI 0.37–0.98, P = 0.008) and for experienced sur-
geons was 0.57 (95% CI 0.27–0.90, P = 0.013). The test–retest
ICC for LARS was 0.81 (95% CI 0.39–0.95, P < 0.004) for rater
1, and 0.92 (95% CI 0.72–0.98, P < 0.001) for rater 2. When the
two scores of both raters were combined the test–retest ICC was
0.91 (95% CI 0.69–0.98, P < 0.001). The overall ICC for the modi-
fied OSATS was 0.90 (95% CI 0.87–0.98; P < 0.001).

Table 1 Inter-rater reliability coefficients between the two independent blinded raters for the Laparoscopic Appendicectomy Rating Scale (LARS) and its
individual components

Component of LARS N ICC 95% CI P-value

Total score 18 0.95 0.83–0.98 <0.001
Suction/Lavage any free fluid/pus 18 0.90 0.73–0.96 <0.001
Appropriately position patient to aid exposure 18 0.56 �0.17 to 0.83 0.05
Retract/Sweep the small bowel/omentum to aid exposure 18 0.84 0.56–0.94 <0.001
Identifies and exposes appendix using anatomical
landmarks

18 0.69 0.21–0.89 0.007

Divide peritoneal/inflammatory adhesions of appendix �
caecum and/or proximal right colon as required to
mobilize and locate the base of the appendix

18 0.83 0.53–0.94 <0.001

Retract appendix/mesoappendix to orientate and expose
area for dissection

18 0.85 0.61–0.95 <0.001

Dissection of the mesoappendix 18 0.90 0.72–0.96 <0.001
Divide mesoappendix/appendicular artery if relevant (i.e.,
clips appendicular artery)

18 0.81 0.50–0.93 0.001

Assessment of the condition, and appropriate ligation and
division of appendix at the base

17 0.83 0.52–0.94 0.001

Place the appendix into a bag 17 0.72 0.21–0.90 0.009
Deliver the appendix through the umbilical port 17 0.48 �0.53 to 0.81 0.114
Inspect operative bed for bleeding 17 0.87 0.63–0.95 <0.001

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; N, number of cases analyses.

Table 2 Individual and combined LARS and OSATS rating scores for inexperienced and experienced surgeons

Inexperienced surgeons,
N = 9 (median, range)

Experienced surgeons,
N = 9 (median, range)

P-value

Rater 1 LARS score (% of total possible score) 54.9% (54.7–64.6%) 83.1% (78.5–86.2%) <0.001
Rater 2 LARS score (% of total possible score) 63.1% (53.6–63.8%) 89.2% (82.3–93.1%) <0.001
Combined LARS score (% of total possible score) 58.5% (54.9–63.8%) 86.9% (80.4–88.8%) <0.001
Rater 1 OSATS score (% of total possible score) 50.0% (45.0–55.0%) 85.0% (75.0–90.0%)
Rater 2 OSATS score (% of total possible score) 50.0% (45.0–55.0%) 80.0% (77.5–85.0%)
Combined OSATS score (% of total possible score) 47.5% (47.5–55.0%) 82.5% (78.75–86.25%)

© 2022 The Authors.
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Validity assessment

Significant differences (P < 0.001) were observed between the
median LARS scores of the inexperienced surgeons compared to
the experienced surgeons for both raters and when scores of both
raters were combined (58.5% for inexperienced surgeons versus
86.9% for experienced surgeons, P < 0.001) (Table 2). With
regards to concurrent validity, a Spearman’s correlation coefficient
of 0.87 (P < 0.001) was observed between the combined LARS
scores of both raters and the combined modified OSATS scores of
both raters (Fig. 1).

Discussion

This study showed that a systematically developed procedure-
specific evaluation tool for LA had excellent inter-rater reliability.
LARS was also shown to have construct validity as there were
significant differences in the performance scores between inexperi-
enced surgeons and experienced surgeons. LARS scores correlated
strongly with the modified OSATS scores, indicating concurrent
validity. This means that LARS can be used to accurately assess
performance and delineate differences between varying skill levels
reliably, regardless of the rater, and to the same degree an

established method of skills assessment. It can be used to track the
progress of trainees’ performances and identify weaknesses, facili-
tating deliberate practice. LARS has potential value for training
programs such as GSET. It could be used to create competence
benchmarks for use as performance goals or credentialing trainees
for independent practice.

The reliability results of the LARS in this study is higher than
achieved in studies of existing rating scales such as GOALS (ICC–
0.89 for trained observers),7 OSATS (Cronbach’s alpha = 0.72)3

and modified OSATS (Cronbach’s alpha = 0.76).3 However, the
reliability for the modified OSATS in our study was similar to
LARS. The higher reliability for the modified OSATS demon-
strated in this study may be a function of the greater difference in
experience level between the two groups in our study compared to
the previous study. This wide difference in experience level may
have made it easier to differentiate performance using the modified
OSATS.

The advantage of LARS over global rating scales such as the
modified OSTAS is that it can deliver objective feedback on perfor-
mance at specific steps of a LA. This can allow trainees to identify
weaknesses specific to LA that need to be built upon and improved.
Procedure-specific rating scales confer a greater ability to differenti-
ate between the performance of surgeons with different experience

Fig. 1. Correlation between combined LARS scores combined modified OSATS scores.

© 2022 The Authors.
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levels.4,9 In an overview of surgical performance measurements,
Aggarwal10 suggested that global scales evaluate overall surgical
skill providing a holistic evaluation of technical expertise, which
may have a role in overall board/fellowship certification. Compara-
tively, procedure-specific rating scales evaluate surgical technique
and surgical performance, particularly if different techniques are
employed, and may be better suited for credentialing trainees for
independent practice at specific procedures. Birkmeyer et al.11 dem-
onstrated that greater scores on a modified global rating scale for
bariatric surgery correlated with fewer post-operative complication,
lower rates of re-operation and readmission. Perhaps a combination
of these two useful approaches can provide the most comprehensive
assessment of surgical skill and performance.

Ten of the twelve components of LARS demonstrated statisti-
cally significant high inter-rater reliability. The two components
that did not were the sub-steps ‘Appropriately position patient to
aid exposure’ and ‘Deliver the appendix through the umbilical
port’. A possible explanation for this is that these sub-steps are
inherently difficult to visualize during videos. Similarly, determin-
ing if the ‘appendix had been identified and exposed using anatomi-
cal landmarks’ is difficult to determine on a video. These issues
were reported by both raters. There was greater agreement between
raters for the inexperienced surgeons compared to the experienced
surgeons. Perhaps despite participating in a calibration session to
familiarize themselves with LARS and instructions on how to use
the descriptors of performance, the raters may have differed in their
interpretation of what performance constitutes a high score (4 or 5)
on the Likert scale. Whereas they may have had similar interpreta-
tions of scoring average and low performance. Rater 2 had a wider
range of scores for experienced surgeons and higher scores overall
than Rater 1. The development of more intensive supervised ‘train
the trainer’ sessions and joint calibration sessions attended by all
the raters working through video examples together would improve
the reliability of LARS further.

There are some important limitations of this study. The use of
videos to retrospectively analyse the performance meant that some
items in LARS could not be visualized well and therefore could not
be accurately assessed creating less reliable scores for these compo-
nents as discussed above. The descriptors of performance within
LARS required an assessment of ‘the need for guidance’ as an indi-
cation of how well a particular step was performed. This was diffi-
cult to fully assess in the videos, especially without audio
recordings. A prospective intra-operative assessment would have
helped circumvent these problems. However, this would be
unblinded, which may introduce bias. The blinded nature of the
raters is a strength of this study. Additionally, other descriptors
were deliberately included when designing LARS to allow video
analysis. Both raters stated they were able to still accurately assess
performance despite not being able to tell if verbal guidance was
given. As supervising surgeons were asked not to make any
changes to their usual practice, any verbal guidance given may have
impacted inexperienced surgeon performance. Nevertheless, signifi-
cant differences between inexperienced and experienced surgeon
performance were observed by the two blinded raters suggesting
that any verbal guidance did not impact demonstration of the
construct validity of LARS.

This study was conducted at one institution which raises ques-
tions about the generalisability of the results. However, LARS was
developed using the input from surgeons from multiple institutions
and designed with the purpose of being widely applicable by
accounting for the range of operative techniques that occur in
‘everyday’ practice. This is one of the reasons we think it has
potential to be utilized in surgical training and assessment widely.
Nevertheless, there would be value in further studies looking at the
reliability and validity of LARS in other institutions, as well as cor-
relating intra-operative prospective assessment and post-operative
video-based assessment, and comparing LARS scores to patient
outcomes, for example, complications. Whilst collecting a single
video from participants allowed a broader cohort of surgeons to be
sampled, there is potential for an erroneously poor/good perfor-
mance to impact the results. However, construct validity was still
demonstrated. Investigating trainees’ performance over time and
multiple procedures following implementation of LARS within a
training program would help improve its validity, reliability and
generalisability.

This study demonstrated that a multi-institutionally developed
procedure-specific rating scale for LA can reliably evaluate perfor-
mance in an objective manner in vivo. The tool was able to accu-
rately differentiate between varying levels of surgical experience
accounting for variations in operative techniques. LARS can be
used to provide surgical trainees with meaningful objective feed-
back on their performance. Feedback on the specific steps of a LA
gives trainees the opportunity to deliberately practice these steps.
Reassessment using LARS following this creates a cycle within
which a trainee’s progress can be tracked over time. Benchmark
LARS scores of experienced surgeon performance, like those dem-
onstrated in this study, could be used for high-stakes assessment
and certification for independent practice. Indeed, LARS has the
potential to be used in determining eligibility for entrance into the
revised GSET program as well as providing a method of assessing
and credentialing competence within this new competency-based
program.
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