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Abstract

Background Errors in judgment during laparoscopic
cholecystectomy can lead to bile duct injuries and other
complications. Despite correlations between outcomes,
expertise and advanced cognitive skills, current methods to
evaluate these skills remain subjective, rater- and situation-
dependent and non-systematic. The purpose of this study
was to develop objective metrics using a Web-based plat-
form and to obtain validity evidence for their assessment of
decision-making during laparoscopic cholecystectomy.
Methods An interactive online learning platform was
developed (www.thinklikeasurgeon.com). Trainees and
surgeons from six institutions completed a 12-item
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assessment, developed based on a cognitive task analysis.
Five items required subjects to draw their answer on the
surgical field, and accuracy scores were calculated based
on an algorithm derived from experts’ responses (“visual
concordance test”, VCT). Test-retest reliability, internal
consistency, and correlation with self-reported experience,
Global Operative Assessment of Laparoscopic Skills
(GOALS) score and Objective Performance Rating Scale
(OPRS) score were calculated. Questionnaires were
administered to evaluate the platform’s usability, feasibil-
ity and educational value.

Results Thirty-nine subjects (17 surgeons, 22 trainees)
participated. There was high test-retest reliability (intra-
class correlation coefficient = 0.95; n = 10) and internal
consistency (Cronbach’s o = 0.87). The assessment
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demonstrated significant differences between novices,
intermediates and experts in total score (p < 0.01) and
VCT score (p < 0.01). There was high correlation between
total case number and total score (p = 0.83, p < 0.01) and
between total case number and VCT (p = 0.82, p < 0.01),
and moderate to high correlations between total score and
GOALS (p = 0.66, p = 0.05), VCT and GOALS (p =
0.83, p <0.01), total score and OPRS (p = 0.67, p =
0.04), and VCT and OPRS (p = 0.78, p = 0.01). Most
subjects agreed or strongly agreed that the platform and
assessment was easy to use [n = 29 (78 %)], facilitates
learning intra-operative decision-making [n = 28 (81 %)],
and should be integrated into surgical training [n = 28
(76 %)].

Conclusion This study provides preliminary validity evi-
dence for a novel interactive platform to objectively assess
decision-making during laparoscopic cholecystectomy.

Keywords Visual concordance test - Assessment -
Competency - Education - Performance - Cholecystectomy

Major bile duct injuries during laparoscopic cholecystec-
tomy lead to greater long-term morbidity, risk of short-term
mortality and medico-legal burden [1-4]. In an effort to
minimize the risk of bile duct injuries, a variety of strate-
gies have been proposed, including improvements in pre-
operative patient selection, timing of surgery, use of novel
intra-operative technologies to enhance visualization of the
biliary tree and the critical view of safety (CVS) technique
[5-10]. Nevertheless, these injuries continue to occur in
0.2-1.5 % [8, 11-13] of patients, and their impact remains
significant.

Most bile duct injuries and other complications tend to
occur in the context of aberrant anatomy or significant
acute and chronic inflammatory changes from cholecystitis,
and several risk factors and mechanism of iatrogenesis
have been proposed based on retrospective case series
[14-18]. The common theme amongst these reports is that
the majority of injuries have root causes that stem from
errors in situation awareness and intra-operative judgment,
leading to anatomical misinterpretations by the surgeon
that eventually result in decisions, actions and behaviours
that cause ductal injury. Experts’ ability to exercise sound
intra-operative judgment and decision-making is a complex
phenomenon grounded in highly structured and ill-defined
tacit knowledge within their mental models and developed
throughout many years of experience. This knowledge is
fluidly and efficiently retrieved for various operative cir-
cumstances and is a fundamental element of adaptive
expertise [19].

Despite the association between these complex skills,
surgical expertise and outcomes [20, 21], contemporary
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methods for learning and assessing advanced cognitive
skills tend to be subjective, lacking in standardization, and
rater-, situation- or instructor-dependent [22]. In a prior
study, we attempted to understand this construct by con-
ducting a comprehensive task analysis to describe the
higher-order cognitive processes necessary to optimize
performance and avoid pitfalls when attempting to dissect
the hepatocystic triangle during a laparoscopic cholecys-
tectomy [23]. This study was based on qualitative data
derived from semi-structured interviews and in vivo
observations of experts, and a literature review to incor-
porate prior work and expert reviews. We now apply this
framework of expert thought patterns to objectively and
reproducibly measure advanced cognitive skills required to
perform a laparoscopic cholecystectomy safely and
effectively.

The purpose of this study was to develop objective
metrics using a Web-based platform, and to obtain validity
evidence for their assessment of decision-making during
laparoscopic cholecystectomy.

Materials and methods

This was a multi-institutional prospective study. The first
phase included the development of an e-learning Web-ac-
cessible platform and novel metrics to assess intra-opera-
tive decision-making during laparoscopic cholecystectomy,
and the second phase attempted to obtain validity evidence
for them. The study protocol was approved by the institu-
tional review board and conforms to the Canadian Tri-
Council Policy Statement of Ethical Conduct.

Development of platform and assessment tool

A password-protected e-learning platform (http://www.
thinklikeasurgeon.com) was developed to provide users
with remote access to curricular content in an immersive
and interactive environment. Design features include the
use of multimedia with video modules, assessments,
immediate feedback on performance and ongoing and
repeated access for spaced education.

For the laparoscopic cholecystectomy curriculum, a
12-item assessment tool was developed to provide forma-
tive feedback throughout the modules. The items were
specifically designed to target cognitive processes that
experts identified as essential for avoiding major bile duct
injuries based on prior cognitive and hierarchical task
analyses for achieving a critical view of safety [23]. The
assessment consisted of a variety of question styles,
including four multiple-choice items and three script con-
cordance test (SCT) items. SCT is a method of assessment
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that applies script theory from cognitive psychology to
evaluate the mental model of an individual by ranking their
willingness to affirm or refute a hypothesis in relation to an
ill-defined intra-operative scenario on an agreement scale
[24-27]. Despite the evidence to support the psychometric
properties of SCT as a method of evaluating intra-operative
decision-making, there are some limitations. Items are
restricted to written text, information from the operative
field is already presented and interpreted for the learner,
and the participants’ responses are scored according to a
linear scale. We sought to develop a method that requires
learners to synthesize visual data from the surgical field
into an accurate understanding of the operative environ-
ment and to make decisions based on these interpretations.
Therefore, the remaining five items required subjects to
draw their answer on the surgical field and accuracy scores
were calculated based on an algorithm derived from
experts’ responses—the “visual concordance test” (VCT).

The VCT evaluates decision-making in relation to a
graphical illustration and aims to assess cognitive skills,
such as pattern recognition and situation awareness by
providing learners the opportunity to describe their thought
processes or how to carry out tasks in relation to the
anatomy in a surgical field. Similar to the SCT, these are
complex scenarios without a single correct solution, and
responses are compared and scored against a distribution of
expert responses. Users are initially presented with a sur-
gical video and at defined time points, the video stops and
the user is prompted to answer a specific question by
drawing annotations on the still frame (single static) image
(e.g. “where do you want to start your dissection?”’). The
image pixels from these annotations are subsequently
mapped onto Cartesian coordinates for analysis (Fig. 1).
Similar to SCT, in order to account for the heterogeneity of
expert responses (as experts would seldom select the same
set of pixels for each item), the score is calculated based on
the distribution of expert annotations (Fig. 2). Pixels
identified from experts’ annotations are grouped into
weighted zones to create a topographical map based on the
proportion of expert responses that highlighted each pixel.
Pixels in the higher percentile groups are assigned a pro-
portionally greater weight for score calculation.

Free-text feedback and five-point Likert scale ques-
tionnaires were also administered to evaluate and improve
the platform’s usability, educational value and feasibility
for adoption.

Participants

Participants from six institutions in Canada, USA, United
Kingdom and Japan were enrolled in this study and com-
pleted the 12-item assessment without access to any cur-
ricular modules. Subjects included general surgery-trained

residents, fellows and attending surgeons. There were no
restrictions on either years in training, years in independent
practice, total or annual case volume, or subspecialty
training. Participants were categorized based on training
level and prior experience (total laparoscopic cholecys-
tectomies performed) into three groups: novice (<25
cases), intermediate (25-100 cases, or surgical residents or
fellows with more than 100 cases) and expert (attending
surgeons having performed more than 100 cases). All
subjects received a unique username and password and
completed the assessment remotely on a personal com-
puter, tablet or mobile device. Scores were automatically
calculated by the software and investigators were blinded.

Sample size and statistical analysis

A contemporary framework of validity was used to provide
evidence for the assessment as a measure of intra-operative
decision-making [28]. Inter-group score comparison
between novices, intermediates and experts were made
using analysis of variance. Internal consistency and
Spearman’s rank correlation coefficient with self-reported
experience (total case volume), Global Operative Assess-
ment of Laparoscopic Skills (GOALS) score and Objective
Performance Rating Scale (OPRS) score were calculated.
GOALS and OPRS scores were previously obtained prior
to this study and were only used if they were obtained
within 6 months of the assessment. Test-retest reliability
was also calculated based on a random computer-generated
sample of 10 participants who repeated the assessment
after 1 week. Power calculation was based on prior work
with the GOALS and OPRS assessment tools for laparo-
scopic cholecystectomy [29-31]. Using an o of 0.05 and a
power of 80 %, with 2-sided testing, more than 6-8 sub-
jects were required in each group. A p value of <0.05 was
considered statistically significant. All statistical analyses
were performed using JMP 11 software (SAS Institute Inc.,
Cary, NC).

Results

Thirty-nine subjects completed the assessment, including
19 residents, 17 attending surgeons and 3 fellows. Partic-
ipants included 8 novices, 14 intermediates and 17 experts,
and their characteristics are summarized in Table 1. All
residents and fellows were general surgery-trained, with
the majority [19 (86 %)] having performed <100 laparo-
scopic cholecystectomies. One chief resident and two fel-
lows performed between 100 and 150 cases. Amongst
experts, 13 (76 %) practise at an academic institution, 5 at
a community hospital (29 %) and 2 (12 %) at a rural
hospital. All but one attending surgeon work in public
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' Question 12 of 12

The surgeon in the following video is about to dissect the Hepato-Cystic

- | Triangle. Using the cursor on the image to the left, draw the area where
you would want to start your dissection? (Please note that the video
can be maximized. If you are not satisfied with your tracing on the
image, you can erase it by clicking on the image once.)

=002 <) .7

Fig. 1 E-learning platform screenshot (http://www.thinklikeasurgeon.com)

practice. All attending surgeons are general surgeons who
perform laparoscopic cholecystectomies when on call [17
(100 %)]. There were 6 (41 %) minimally invasive sur-
geons and 4 (27 %) hepato-pancreatico-biliary surgeons.
Median time in practice was 7 years (interquartile range:
3-10). All 17 surgeons performed greater than 100 total
laparoscopic  cholecystectomies [100-500 cases: 10
(59 %); 501-1000 cases: 3 (18 %); >1000 cases: 2
(12 %)]. Only two surgeons (12 %) perform more than 100
cases annually.

There was high test-retest reliability (intraclass corre-
lation coefficient = 0.95, 95 % CI 0.80-0.99) and internal
consistency for the assessment (Cronbach’s a = 0.87).
Total examination score (all 12 items) and VCT score (5
drawing items) were significantly different between novi-
ces, intermediates and experts (Fig. 3; p < 0.01), with
significantly greater score variance amongst novices and
intermediates (standard error: 0.79 and 0.55, respectively)
compared to experts (standard error: 0.16). There was a
high correlation between total case number and total score
(p = 0.83, p < 0.01) and between total case number and
VCT score (p = 0.82, p <0.01; Fig. 4). Specifically,
scores seemed to increase proportionally during the initial
stage of the learning curve (0-250 total case volume), and
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eventually begin to plateau after 200-250 cases. Intra-op-
erative assessments (GOALS and OPRS) were available
for 9 residents, with moderate to high correlation between
total score and GOALS score (p = 0.66, p = 0.05),
between VCT score and GOALS score (p = 0.83,
p < 0.01), between total score and OPRS score (p = 0.67,
p = 0.04) and between VCT score and OPRS score
(p = 0.78, p = 0.01; Fig. 5).

Thirty-seven participants completed the questionnaire
(Table 2). Non-responders included one chief resident and
one fellow, both in the intermediate group. Most subjects
either agreed or strongly agreed that the assessment tool
was easy to use [n = 29 (78 %)], facilitates development
of intra-operative decision-making [n = 28 (81 %)], and
should be integrated into surgical training [n = 28 (76 %)].
Average time to complete the assessment was 5—10 min.

Discussion

Bile duct injuries and other complications during laparo-
scopic cholecystectomy can be a significant source of
morbidity, and avoiding such injuries relies heavily on
complex mental processes that guide intra-operative
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[iaparoscopicieholecystecton

My Recommendation: [Level of Accuracy: 84%]
B Review Expert Recommendations

Fig. 2 A Schematic example of score calculation for the visual
concordance test. Pixels selected during annotation of the still frame
image are captured and mapped on a Cartesian coordinate and
compared to a distribution of expert responses. Pixels selected by
experts are topographically grouped into zones and assigned a weight
based on the proportion of experts who selected each pixel and

decisions and behaviours. Yet, despite the paradigm shift in
surgical education and emphasis on patient safety, most
training programmes seldom reinforce these important
skills in a systematic manner using objective and

00:01:50

Question 7 of 12

The surgeon in the following video is about to dissect the Hepato-Cystic Triangle. Using the cursor on the
image to the left, draw the area where you would potentially expect to find a major bile duct? (Please note
thatthe video can be maximized. If you are not satisfied with your tracing on the image, you can erase it by
clicking on the image once.)

Indicate your level
of confidence

Still Frame Image

] 0%
1%-50%
| 51%-75%
B 76%-100%

B screenshot of sample user response when asked to identify where
they would start dissecting the hepatocystic triangle based on a video
from a laparoscopic cholecystectomy. The user can subsequently
receive feedback on their decision-making based on the distribution
of expert responses for that same question

measurable methods. With the technological advances in
computing, gaming and mobile devices of our generation,
there is a plethora of opportunities to introduce innovative
and cost-effective educational material into surgical

@ Springer
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Table 1 Characteristics of

study participants Group®
Novice Intermediate Expert
Number of subjects 8 (21 %) 14 (36 %) 17 (44 %)
Age 29 (26-30) 31 (30-33) 40 (37-45)
Male/female 7/1 12/4 12/3

Training level
Years in practice

Practice setting

Total cases®

Annual cases®

PGY 1-2: 4 (50 %)
PGY 3-5: 4 (50 %)

13 (4-24)
<25: 8 (100 %)

PGY 3-8: 11 (68 %)
Fellow: 3 (19 %)

50 (41-94)
<25: 12 (86 %)

Attending: 17 (100 %)

7 (3-10)

Academic: 13 (76 %)
Community: 5 (29 %)
Rural: 2 (12 %)

350 (250-750)
<25:5 (29 %)

25-100: 2 (14 %) 25-100: 10 (59 %)

>100: 2 (12 %)

Data presented as n (%) or median (interquartile range)

PGY postgraduate year

# Novices: <25 total cases; intermediates: 25-100 total cases or surgical trainee (residents or fellows) with
>100 total cases; experts: attending surgeons with >100 total cases

® Self-reported experience with laparoscopic cholecystectomy

¢ Annual case volume based on an estimated average of the 3 years preceding this study

12

[ Total score, p<0.01
\:‘ VCT score, p<0.01

Score

Novice Intermediate Expert

Fig. 3 Median total score and visual concordance test (VCT) score
for each group. Scores of novices, intermediates and experts were
compared using analysis of variance. Error bars represent 95 % Cls

training. In this study, an interactive multimedia e-learning
platform (Think Like A Surgeon) was designed for expe-
riential learning with remote access for ongoing learning,
repeated performance assessment and immediate feedback.
This study describes a novel metric for intra-operative
decision-making using this platform and provides validity
evidence to support its use as an assessment of advanced
cognitive skills during laparoscopic cholecystectomy.
Performance was better amongst higher levels of training,
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Fig. 4 Spearman’s rank correlation between total case volume and
total score (black cross) and between total case volume and visual
concordance test (VCT) score (grey triangle)

and there were strong correlations with self-reported
experience and intra-operative performance.

The foundation of a competency-based training model is
based on the achievement of measurable and observable
competencies. This definition implicates the need for
objective metrics that can evaluate such skills to determine
if standards of competency are being met prior to



Surg Endosc

A 12
. Total score (rho=0.66, p=0.05)
[] veT score (rho=0.83, p<0.01)
+ + o+
8 +
+
I
o
a
T
2 +
+
+
0
10 15 20 25
GOALS Score
B 12
. Total score (rho=0.67, p=0.04)
[ ] vCT score (rho=0.78, p=0.01)
8 +
L
S
(%]
4
+
0
1 2 3 4 5

OPRS Score

Fig. 5 Spearman’s rank correlation between intra-operative perfor-
mance [GOALS score (A); OPRS score (B)] and total score (black
cross) and visual concordance test (VCT) score (grey triangle). OPRS
Objective Performance Rating Scale, GOALS Global Operative
Assessment of Laparoscopic Skills

practicing on patients. This creates significant challenges
given the inherent difficulty in tapping into the minds of
individuals to obtain an accurate depiction of their thought
habits and cognitive processes, despite the strong reliance
on these aptitudes for minimizing errors such as bile duct
injuries. There is a need for better methods to appreciate
what learners are thinking intra-operatively and to provide
a forum to deliberately practise these skills—be it real or in
a simulated environment. Most surgical training pro-
grammes today rely on a time-dependent approach,
whereby intra-operative judgment and decision-making are
acquired throughout training in a non-systematic, situation
and instructor-dependent manner, despite the fact that most
experts recognize their fundamental role in surgical
expertise [32-34]. Assessment tools developed to date tend
to rely on rating scales with generic items, such as

“decision-making” and “situation awareness”, or are task-
specific, which provide limited insight into the cognitive
underpinnings of the procedure. Avoiding adverse events
during laparoscopic cholecystectomy has become a pri-
mary concern, such as with the formation of the Society of
American Gastrointestinal and Endoscopic Surgeons
(SAGES) Safety in Cholecystectomy Task Force [35].
While educational material becomes widely available and
helps contribute to a culture of safety in the operating
room, there currently exists no objective metric to evaluate
these complex skills necessary for avoiding bile duct
injuries.

The VCT is a new method of measuring performance on
a user-friendly platform that is accessible remotely. This
study demonstrates its psychometric properties and pro-
vides validity evidence with regard to content, internal
structure and comparison to other variables [28] (such as
years in training, total case volume and intra-operative
GOALS and OPRS scores), ultimately supporting its inte-
gration into curricular modules for learning and assess-
ment. The advantage of this methodology is that learners
can compare their thoughts and cognitive behaviours to
that of a panel of experts—a process that is normally
restricted to watch a single expert operates in real life or
watch a surgical video. These methods hardly engage the
learner actively with opportunities for experiential learning
(e.g. “practice by doing”), by deliberately training
advanced cognitive skills or by providing feedback from
multiple experts at once as opposed to a single expert in
one sitting. While it may seem that plenty of opportunities
exist to practise these skills throughout the course of a
5-year training programme [36], the practice is not done
deliberately to target specific learning objectives in the
cognitive domain, and immediate repetition and perfor-
mance feedback are seldom available. The VCT score and
Think Like A Surgeon platform attempt to overcome these
challenges by embedding the assessment tool within the
curricular modules to provide ample opportunities for
learners to evaluate their performance of newly acquired
skills on an entire library of case-specific examples.
Specifically, it evaluates an individual’s ability to synthe-
size vast amounts of data from the surgical field into an
understanding of the operative environment and compares
the accuracy of their judgments and decisions to that of
experts.

Other innovative techniques that provide objective
measures of situation awareness, pattern recognition and
decision-making have also surfaced in the literature,
including eye-tracking devices to map visual attention [37]
and a variety of technologies for video-based performance
analysis [38]. Schlachta et al. [39] have developed a similar
metric specifically designed to evaluate visuospatial abili-
ties by comparing the level of agreement between trainees’
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Table 2 Participants’ opinions regarding the learning platform’s usability, educational value and integration into training. Results are based on a

5-point Likert scale and 37 surveys completed

Respondents, n (%)

Strongly Agree Neutral  Disagree  Strongly
agree disagree
Usability
I found the assessment tool unnecessarily complex 0 (0 %) 13%) 514 %) 1130 %) 20 (54 %)
I thought the assessment tool was easy to use 18 (49 %) 11 (30 %) 5(14 %) 3 (8 %) 0 (0 %)
Educational value: in conjunction with additional teaching modules and
appropriate feedback
The assessment tool is an effective adjunct to current surgical training 133B5%) 15041 %) 8R22%) 13 %) 0 (0 %)
The assessment tool facilitates learning intra-operative decision-making 12 32 %) 18 (49 %) 3 (8 %) 3 (8 %) 13 %)
Adaptation and integration: in conjunction with additional teaching modules
and appropriate feedback
This platform should be incorporated into the training program at my 1541 %) 1335 %) 6(16 %) 3 (8 %) 0 (0 %)
institution
If this platform were available, I would use it consistently 12(3B2%) 12(32%) 7019 %) 616 %) 00 %)

perception of the dissection plane (drawn as a line with a
stylus on a tablet computer) compared to the ideal plane. In
spite of the heterogeneity and intricacies of mental pro-
cesses, it is unlikely that a single methodology will provide
a comprehensive assessment of advanced cognitive skills,
and these innovations (including the VCT scoring system)
are mostly complimentary.

An e-learning educational tool was specifically chosen
for this assessment to provide a ubiquitous, cost-effective
and secure platform that provides ample opportunities for
simulation-based learning at the point of access and at the
convenience of the learner when they are maximally
engaged. Advantages of this pervasive technology are that
it is widely accessible to a large audience in different
geographic locations, is easily adapted into a training
environment, avoids the need for experts, faculty, equip-
ment and other resources, is not reliant on the availability
of teaching moments and provides ongoing access for
spaced education and longitudinal performance tracking.
Most participants in this study supported the feasibility and
educational value of Think Like A Surgeon and its assess-
ment tool, as long as immediate feedback on performance
was made available. While there is good evidence to sug-
gest that technology-rich learning environments such as
e-learning and gaming can be effective tools for surgical
training [40], their value for learning remains highly con-
tingent on adherence to a theory-driven instructional design
and best practices in educational psychology [41].

Intra-operative judgment and decision-making are
complex to understand, let alone measure, and there is
considerable work still needed to achieve these objectives.
Despite the validity evidence to support the interpretations
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of results from this assessment, there are also other com-
plimentary methods that have similarly attempted to eval-
uate this construct. Other important thought habits may not
be optimally expressed by drawing on a still frame of the
surgical field—often they require to be articulated in order
to be assessed. To address this limitation, the platform has
since been updated with a new property that allows users to
answer questions by typing free-text responses that are
subsequently analysed for correctness against a repertoire
of predetermined correct textual answers. Also, while the
psychometric properties of this assessment tool seem pos-
itive, they remain restricted to a small sample size and
larger studies evaluating a broad range of expertise are
required.

Conclusion

In summary, this study describes the development of novel
metrics and a Web-based platform and provides prelimi-
nary validity evidence for their assessment of decision-
making during laparoscopic cholecystectomy. Most par-
ticipants perceive the platform as useful and feasible to use
for learning and assessment. Given the consequences of
intra-operative injuries, the implementation of this educa-
tional programme and assessment tool into competency-
based curricula can provide objective and structured feed-
back and ultimately improve patient safety.

Acknowledgments We acknowledge the work of Robert Messina for
developing Think Like A Surgeon and all the surgeons who partici-
pated in this study. Amin Madani is supported by a Quebec Health
Science Research (FRQ-S) scholarship and the McGill Surgeon-



Surg Endosc

Scientist Program. The Steinberg-Bernstein Centre for Minimally
Invasive Surgery and Innovation is supported by an unrestricted
educational grant from Medtronic. Rajesh Aggarwal is supported by
the Chercheurs-Boursiers Cliniciens of the FRQ-S and the Montreal
General Hospital Foundation.

Compliance with ethical standards

Disclosures Amin Madani, Yusuke Watanabe, Elif Bilgic, Philip H.
Pucher, Melina C. Vassiliou, Rajesh Aggarwal, Gerald M. Fried,
Elliot J. Mitmaker and Liane S. Feldman have no conflicts of interest
or financial ties to disclose. Rajesh Aggarwal is a consultant for
Applied Medical. Melina C. Vassiliou is a consultant for Covidien.
The Steinberg-Bernstein Centre for Minimally Invasive Surgery and
Innovation is supported by an unrestricted educational grant from
Medtronic.

References

10.

11.

. Flum DR, Cheadle A, Prela C, Dellinger EP, Chan L (2003) Bile

duct injury during cholecystectomy and survival in medicare
beneficiaries. JAMA 290:2168-2173

. Ejaz A, Spolverato G, Kim Y, Dodson R, Sicklick JK, Pitt HA,

Lillemoe KD, Cameron JL, Pawlik TM (2014) Long-term health-
related quality of life after iatrogenic bile duct injury repair. ] Am
Coll Surg 219(923-932):¢910

. Tornqgvist B, Zheng Z, Ye W, Waage A, Nilsson M (2009) Long-

term effects of iatrogenic bile duct injury during cholecystec-
tomy. Clin Gastroenterol Hepatol 7:1013-1018 (quiz 1915)

. Alkhaffaf B, Decadt B (2010) 15 years of litigation following

laparoscopic cholecystectomy in England. Ann Surg 251:
682-685

. Miura F, Takada T, Kawarada Y, Nimura Y, Wada K, Hirota M,

Nagino M, Tsuyuguchi T, Mayumi T, Yoshida M, Strasberg SM,
Pitt HA, Belghiti J, de Santibanes E, Gadacz TR, Gouma DJ, Fan
ST, Chen MF, Padbury RT, Bornman PC, Kim SW, Liau KH,
Belli G, Dervenis C (2007) Flowcharts for the diagnosis and
treatment of acute cholangitis and cholecystitis: Tokyo Guide-
lines. J Hepatobiliary Pancreat Surg 14:27-34

. Yoshida M, Takada T, Kawarada Y, Tanaka A, Nimura Y, Gomi

H, Hirota M, Miura F, Wada K, Mayumi T, Solomkin JS,
Strasberg S, Pitt HA, Belghiti J, de Santibanes E, Fan ST, Chen
MF, Belli G, Hilvano SC, Kim SW, Ker CG (2007) Antimicrobial
therapy for acute cholecystitis: Tokyo Guidelines. J Hepatobiliary
Pancreat Surg 14:83-90

. de Mestral C, Rotstein OD, Laupacis A, Hoch JS, Zagorski B,

Alali AS, Nathens AB (2014) Comparative operative outcomes of
early and delayed cholecystectomy for acute cholecystitis: a
population-based propensity score analysis. Ann Surg 259:10-15

. Flum DR, Dellinger EP, Cheadle A, Chan L, Koepsell T (2003)

Intraoperative cholangiography and risk of common bile duct
injury during cholecystectomy. JAMA 289:1639-1644

. Osayi SN, Wendling MR, Drosdeck JM, Chaudhry UI, Perry KA,

Noria SF, Mikami DJ, Needleman BJ, Muscarella P 2nd, Abdel-
Rasoul M, Renton DB, Melvin WS, Hazey JW, Narula VK
(2015) Near-infrared fluorescent cholangiography facilitates
identification of biliary anatomy during laparoscopic cholecys-
tectomy. Surg Endosc 29:368-375

Strasberg SM, Brunt LM (2010) Rationale and use of the critical
view of safety in laparoscopic cholecystectomy. J Am Coll Surg
211:132-138

Harboe KM, Bardram L (2011) The quality of cholecystectomy
in Denmark: outcome and risk factors for 20,307 patients from
the national database. Surg Endosc 25:1630-1641

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Waage A, Nilsson M (2006) Iatrogenic bile duct injury: a pop-
ulation-based study of 152 776 cholecystectomies in the Swedish
Inpatient Registry. Arch Surg 141:1207-1213

Navez B, Ungureanu F, Michiels M, Claeys D, Muysoms F,
Hubert C, Vanderveken M, Detry O, Detroz B, Closset J, Devos
B, Kint M, Navez J, Zech F, Gigot JF, Belgian Group for
Endoscopic Surgery (BGES) and the Hepatobiliary and Pancre-
atic Section (HBPS) of the Royal Belgian Society of Surgery
(2012) Surgical management of acute cholecystitis: results of a
2-year prospective multicenter survey in Belgium. Surg Endosc
26:2436-2445

Strasberg SM, Sanabria JR, Clavien PA (1992) Complications of
laparoscopic cholecystectomy. Can J Surg 35:275-280
Strasberg SM, Hertl M, Soper NJ (1995) An analysis of the
problem of biliary injury during laparoscopic cholecystectomy.
J Am Coll Surg 180:101-125

Way LW, Stewart L, Gantert W, Liu K, Lee CM, Whang K,
Hunter JG (2003) Causes and prevention of laparoscopic bile duct
injuries: analysis of 252 cases from a human factors and cognitive
psychology perspective. Ann Surg 237:460-469

Strasberg SM, Eagon CJ, Drebin JA (2000) The “hidden cystic
duct” syndrome and the infundibular technique of laparoscopic
cholecystectomy—the danger of the false infundibulum. J Am
Coll Surg 191:661-667

Strasberg SM, Gouma DJ (2012) ‘Extreme’ vasculobiliary inju-
ries: association with fundus-down cholecystectomy in severely
inflamed gallbladders. HPB 14:1-8

Shadrick S, Lussier J (2009) Training complex cognitive skills: a
theme-based approach to the development of battlefield skills. In:
Ericsson K (ed) Development of professional expertise. Cam-
bridge University Press, New York, pp 286-311

Gawande AA, Thomas EJ, Zinner MJ, Brennan TA (1999) The
incidence and nature of surgical adverse events in Colorado and
Utah in 1992. Surgery 126:66-75

Rogers SO Jr, Gawande AA, Kwaan M, Puopolo AL, Yoon C,
Brennan TA, Studdert DM (2006) Analysis of surgical errors in
closed malpractice claims at 4 liability insurers. Surgery
140:25-33

Andersen DK (2012) How can educators use simulation appli-
cations to teach and assess surgical judgment? Acad Med
87:934-941

Madani A, Watanabe Y, Feldman LS, Vassiliou MC, Barkun JS,
Fried GM, Aggarwal R (2015) Expert intraoperative judgment
and decision-making: defining the cognitive competencies for
safe laparoscopic cholecystectomy. J Am Coll Surg
221(931-940):¢938

Charlin B, Roy L, Brailovsky C, Goulet F, van der Vleuten C
(2000) The Script Concordance test: a tool to assess the reflective
clinician. Teach Learn Med 12:189-195

Meterissian SH (2006) A novel method of assessing clinical
reasoning in surgical residents. Surg Innov 13:115-119

Nouh T, Boutros M, Gagnon R, Reid S, Leslie K, Pace D, Pitt D,
Walker R, Schiller D, MacLean A, Hameed M, Fata P, Charlin B,
Meterissian SH (2012) The script concordance test as a measure
of clinical reasoning: a national validation study. Am J Surg
203:530-534

Lubarsky S, Dory V, Duggan P, Gagnon R, Charlin B (2013)
Script concordance testing: from theory to practice: AMEE guide
no. 75. Med Teach 35:184-193

Downing SM (2003) Validity: on meaningful interpretation of
assessment data. Med Educ 37:830-837

Vassiliou MC, Feldman LS, Andrew CG, Bergman S, Leffondre
K, Stanbridge D, Fried GM (2005) A global assessment tool for
evaluation of intraoperative laparoscopic skills. Am J Surg
190:107-113

@ Springer



Surg Endosc

30.

31.

32.

33.

34.

35.

Larson JL, Williams RG, Ketchum J, Boehler ML, Dunnington
GL (2005) Feasibility, reliability and validity of an operative
performance rating system for evaluating surgery residents.
Surgery 138:640-647 (discussion 647-649)

Williams RG, Sanfey H, Chen XP, Dunnington GL (2012) A
controlled study to determine measurement conditions necessary
for a reliable and valid operative performance assessment: a
controlled prospective observational study. Ann Surg 256:
177-187

Sanfey H, Williams RG, Chen X, Dunnington GL (2011) Eval-
uating resident operative performance: a qualitative analysis of
expert opinions. Surgery 150:759-770

Cuschieri A, Francis N, Crosby J, Hanna GB (2001) What do
master surgeons think of surgical competence and revalidation?
Am J Surg 182:110-116

Kim S, Dunkin BJ, Paige JT, Eggerstedt JM, Nicholas C, Vas-
silliou MC, Spight DH, Pliego JF, Rush RM, Lau JN, Carpenter
RO, Scott DJ (2014) What is the future of training in surgery?
Needs assessment of national stakeholders. Surgery 156:707-717
(2014) The SAGES safe cholecystectomy program: strategies for
minimizing bile duct injuries: adopting a universal culture of
safety in cholecystectomy. Society of American Gastrointestinal

@ Springer

36.

37.

38.

39.

40.

41.

and Endoscopic Surgeons. http://www.sages.org/safe-cholecys
tectomy-program/. Accessed June 2015

Bell RH Jr, Biester TW, Tabuenca A, Rhodes RS, Cofer JB, Britt
LD, Lewis FR Jr (2009) Operative experience of residents in US
general surgery programs: a gap between expectation and expe-
rience. Ann Surg 249:719-724

Atkins MS, Tien G, Khan RS, Meneghetti A, Zheng B (2013)
What do surgeons see: capturing and synchronizing eye gaze for
surgery applications. Surg Innov 20:241-248

Rutherford DN, D’Angelo AL, Law KE, Pugh CM (2015)
Advanced engineering technology for measuring performance.
Surg Clin North Am 95:813-826

Schlachta CM, Ali S, Ahmed H, Eagleson R (2015) A novel
method for assessing visual perception of surgical planes. Can J
Surg 58:87-91

Cook DA, Levinson AJ, Garside S, Dupras DM, Erwin PJ,
Montori VM (2008) Internet-based learning in the health pro-
fessions: a meta-analysis. JAMA 300:1181-1196

Lajoie S, Azevedo R (2006) Teaching and learning in technol-
ogy-rich environments. In: Alexander P, Winne P (eds) Hand-
book of educational psychology. Routledge, New York,
pp 803-821


http://www.sages.org/safe-cholecystectomy-program/
http://www.sages.org/safe-cholecystectomy-program/

	Measuring intra-operative decision-making during laparoscopic cholecystectomy: validity evidence for a novel interactive Web-based assessment tool
	Abstract
	Background
	Methods
	Results
	Conclusion

	Materials and methods
	Development of platform and assessment tool
	Participants
	Sample size and statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References




