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Introduction

Surgical Education
For the better part of last century, the basis of surgical education around the world has
basically been the apprenticeship model “See one, do one, teach one” introduced by W.S.
Halsted in 1904 1. Especially in North America, for the past few decades, this field has been
undergoing a significant evidence-based transformation through the incorporation of
simulation training, objective evaluation of the resident and feedback2. One of the main
reasons behind this paradigm shift is the introduction of laparoscopic surgery in the field of
surgery. The surgeons suddenly had to overcome two-dimensional imaging and fulcrum effect
due to need to work with longer instruments and diminished tactile feedback3. They needed to
develop new sets of skills. The patient safety was obviously an issue. The introduction of
laparoscopy is thought to be responsible for increase of common bile duct injury by 5 times
during cholecystectomy4. In 1999, a report “To Err Is Human” raised a serious question about
medical errors by documenting as many as 98,000 deaths per year caused by preventable
medical errors5. These have led surgical educators and researchers to look into the alternative
to Halsted model.
Despite these advances in the North America, the field of surgical education in Japan is still in
its infancy and has not caught up with these changes. Surgical trainees are mostly expected to
learn from their mentors and with lack of systematic approach to surgical training. Survey
done in the hospitals training surgical residents, highlighted the lack of structured program
and evaluation system into surgical residency in Japan6. The concerns about patient safety is
however similar in this side of Pacific too. Especially in the field of laparoscopic surgery, this
country has also seen several high-profile cases that was attributed to medical errors7.
Laparoscopic Inguinal Hernia Surgery
Inguinal hernia repair surgery is one of the most common surgery performed in the world with
over 20 million surgeries being performed every year8. This is generally one of the first
surgeries to be performed by surgical residents. In recent years, with the advent of
laparoscopic surgery, laparoscopic inguinal hernia repair (LIHR) is slowly gaining
popularity9,10. Studies have shown improved clinical outcome with LIHR compared to open
hernia repair11, 12. However, even in North America or many countries in Europe open hernia
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repair is still performed in majority of the cases9, 10, 13. While the lack of consensus among the
surgeons about the benefit of LIHR seems to be the main reason behind this13, technical
difficulty of the procedure is another factor limiting the growth of LIHR11, 12. Japan also has
seen exponential rise in this procedure since 201314. However, we have also seen the increase
in complication rate. Survey by Japan Society for Endoscopic Surgery in 2013 reported the
recurrence rate of 4% with LIHR compared to 1 % recurrence rate with open method14. We
also have to consider that those replying to this survey were institutes with interest in
laparoscopic surgery and considering the fact that patients with recurrence often avoid visiting
the same hospital, the number may be much higher. The lack of technical knowledge can be
attributed to one of the major factor behind this. Even for experience surgeons, Birkmeyer et
al. 15 have demonstrated that the technical skills varied widely and this was reflected as
postoperative morbidity. Though the study focused on bariatric surgery, similar situation can
be expected for the other fields. These factors lead me to believe that there is a need for a
systematic curriculum for LIHR.
Out of the two major techniques of LIHR, there are more cases of totally extra-peritoneal
(TEP) repair reported in the literature. However, in Japan, transabdominal preperitoneal
(TAPP) procedure is more popular14. While previous meta-analysis has not been able to show
superiority of one technique over another in regards to the clinical outcomes, TEP is often
considered to be more difficult technique of the two with relatively longer operation time and
potentially longer learning curve12, 16, 17. One of the main advantages that TAPP procedure
offers is the better view of anatomical landmarks and inguinal anatomy18. These features
make TAPP an easier procedure to start for novices. However, higher risk of complications
has been reported during the learning curve and in the cases performed in small volume
centers without experienced LIHR surgeons12.

Assessment and Feedback
For novices, assessment of their performance and providing them with the formative feedback
plays a vital role in the development of their skills. However, if the assessment differs from
one rater to another then it will end up confusing the trainee. Thus it is very important to have
a validated assessment tool that does not differ from one rater to another and can provide
them with focused formative feedback.
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Several procedure-specific assessment tools to assess LIHR performance in clinical setting
have been developed in the past such as Global Operative Assessment of Laparoscopic Skills
– Groin Hernia (GOALS-GH) and Operative Performance Rating System (OPRS) 19, 20. The
intended uses of these instruments are for direct observations and are meant to be used by
raters who are present in operation theater with the trainee 19, 20.
However, only limited number of hospitals is staffed with expert surgeons in LIHR. Direct
observation, while feasible in teaching hospitals with a number of dedicated teaching staff, is
more difficult to adopt in community hospitals with limited staffs. Besides the bias due to the
relationship between the evaluator and the trainee21, one of the key concerns is the need for
trained rater to be present in the operating room 22, 23. As the procedures that are being
evaluated become more complex, there will be fewer experts who can assess these procedures
correctly and give appropriate feedback.
Recently, studies have shown the possibility of using recorded performances to evaluate the
surgical performance22, 23. Japan Society of Endoscopic Surgery, has been using recorded
performance to evaluate endoscopic surgeons and credentialing them for past decade24. For
past few years, there is evaluation system for LIHR too, however this assessment tool has not
been validated and is marred by poor interrater reliability. The assessment tools that has been
developed so far are yet to be proved to be an effective metrics for the evaluation of recorded
TAPP performance.
Moreover, these tools by its nature, cover only the major steps of the procedure and does not
go into the detail on each aspect, limiting the feedback it can provide to the trainees. For this
there is a need for more detailed evaluation tool based on the steps of the TAPP procedure
which could provide the detailed feedback and also act as an anchor for the trainees to
understand the procedure better.

Existing educational tools for the training of LIHR
Various simulation based curriculum has been developed and their educational value has been
established for the training of LIHR surgery25, 26. However, both of these study deals with
TEP procedure and uses simulation at the core of its curriculum. Recent survey in Japan
found that less than half of the hospitals where residents are trained to be equipped with some
sort of simulation facility, most of which is simple dry boxes6. Simulation training, while
-5-

effective is considered costly27. In contrast to North America, residents are often distributed in
wide range of affiliated hospitals, so it is not uncommon to see one or two surgical residents
in a teaching hospital. While this is ideal environment from the point of view of case exposure
to the residents, it is often not practical or cost effective to build simulation training facility in
each of these hospitals. Low cost simulator for the training of LIHR do exist. Simulator
developed and validated by Kurashima et al. 28 is a low cost and recently have been made
commercially available in Japan. Hernia endotrainer is although not validated is another low
cost alternative29. However, simulator alone without the trained trainer and curriculum is not
effective. With more importance given to clinical work and most of the teaching done inside
the operation theater during the surgery6, most of these hospitals will still struggle to find
dedicated time and trained staff for simulation training. There is a need for structured
educational curriculum that can train the residents without putting the staffs of the hospitals
into any additional strain. There is a need for a system where the residents can be trained
using the facilities available readily in the hospital, collect surgical video assess and give the
trainees appropriate feedback to help them improve their performance.
These reason, led me to focus on the development of a systematic educational tool for the
training of LIHR, TAPP procedure for novices and to determine its educational value.
Objective:
The objective of my research was to develop an effective and safe training system for LIHR,
TAPP method.
Since the project involved various aspects, I decided to break it into three phases.
Phase1: Development and validation of the Assessment tool
Phase 2: Development of the educational system
Phase 3: Validation of the new educational system
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Chapter 1
Phase 1: Development and validation of the Assessment tool

Introduction:
In the first phase of the project, my objective was to develop an assessment tool to assess the
performance of LIHR, TAPP procedure and demonstrate its validity using the video
recordings of the surgical performance.

Materials and Methods
Development of the TAPP assessment tool
An experienced TAPP surgeon, with experience of more than 300 TAPP procedures
conducted the task analysis of the TAPP procedure existing textbooks, expert videos and his
experience to extract the important steps of the TAPP procedure and details of what was
needed to be done in each step. The initial list was developed using iterative methodology
based on semi-structured interviews and group discussions of the experienced TAPP
surgeons, a surgeon educator with the experience in the development of operative
performance assessment tool. Three experienced TAPP surgeons, with experience of more
than 100 TAPP cases each, one open hernia expert (>4000 cases), one surgeon educator
(developer of GOALS-GH) were individually contacted with this preliminary list for their
opinion. Open hernia expert was added to the panel for his knowledge of hernia anatomy
based on the sheer volume of the cases he had experienced. The surgeon educator was added
to the panel based on his experience with the development of assessment tool and knowledge
of TAPP procedure.
The list was modified based on their opinion. This process was repeated multiple times until
the consensus was reached among all 5 members of the panel. The final list consisted of 24
steps of TAPP forming the TAPP checklist (Fig 1.).
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Operator/DVD no:

Fig1: The TAPP checklist
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Each item in the checklist was given the score based on the requirement stated in the
definition, with score of 1 if it was deemed adequate and 0 if it was deemed inadequate. The
total score is the sum of score of all the items in the checklist with maximum score of 24.

Validation of the Assessment Tool
Various academic and community hospitals were asked to provide unedited videos of TAPP
procedure performed by surgeons with all levels of experience. The surgeons were not
provided with the checklist prior to their operations. Only cases of unilateral indirect hernia
less than 3 cm diameter were included in this study. Recurrence cases, strangulated hernia
cases were excluded from this study.
The institutes were asked to provide digital copies of the video recording copies from
laparoscopic cameras without any personal information that could reveal the identity of the
patients. They were burned onto unmarked blank discs and given numeric codes so as to blind
the raters to the operator and the institutes from where the videos originated. The raters were
allowed to increase the play speed of the video while viewing at their discretion.
The collected surgical videos were categorized into 3 groups based on the experience of the
surgeon at the time of performing the procedure. Those with less than 10 TAPP procedures
were categorized into the novice group, those with more than 50 cases were categorized into
the experienced group, and the rest were categorized into the intermediate group.
Three blinded raters, from different institutes rated these recorded TAPP procedures using the
newly developed TAPP checklist and GOALS-GH, a previously validated assessment tool for
LIHR. The raters included one surgeon educator who had got an experience with both the
TAPP procedures and assessment tools and was involved in the development of this TAPP
checklist (Rater 1) and two experienced TAPP surgeons (> 100 TAPP) (Rater 2 and Rater 3).
All these raters were given short lectures about the use of GOALS-GH and the checklist.
Statistical Analysis
Inter-rater reliability for 3 raters (Raters 1 – Rater 3) and between all possible combination of
two raters for both the TAPP checklist and GOALS-GH was calculated using intraclass
correlation coefficients (ICCs). Inter-group comparisons of checklist scores were made using
Kruskal-Wallis Test (novice, intermediate, and experienced). Spearman’s correlation
coefficient was used for the analysis of the correlation between the scores of the checklist and
- 10 -

the GOALS-GH and between the checklist score and case volume. Single measures were used
for inter-rater reliability, while the average score of three raters was used for the analyses of
inter-group comparisons and the correlation of Checklists scores with GOALS-GH scores and
case volume. Data are expressed as Median and interquartile range (IQR). p< 0.05 was
considered significant in all analyses. All statistical analyses were done using SPSS version
17 (SPSS, Inc., Chicago, IL).

Results
Demographics
Thirty videos from 11 institutes were included in this study. The demographics of the
surgeons whose videos were included in this study were given in Table 1.
Table 1. Demographics of the surgeons whose recorded TAPP performances were
analyzed (n=30). Data are presented as n (%) and medians (IQR)
Novicea
Number of surgeons

group

Group

Group

15 (50)

11(37)

4(13)

8 (4-10)

18 (15.3-20)

21 (12 - 26)

90 (67.3-100)

Postgraduate year after medical school 10 (5-15)
Self-reported TAPP experience (case)
a

Novice: TAPP<10 cases,

b

Intermediateb Experiencedc

3 (1-5)

Intermediate: TAPP 10-50 cases, c Experienced: TAPP>50 cases

Inter-rater Reliability
ICC for 3 rates was high at 0.75 (95%CI 0.60-0.86) for the newly developed checklist. The
ICC between two raters varied from 0.69 (95% CI 0.45-0.84) to 0.79 (95%CI 0.6-0.89). With
regards to the GOALS-GH, the ICC for 3 raters was moderate at 0.60 (95%CI 0.41-0.77)
(Table 2).
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Table 2: Inter-rater reliability. Results are presented as Intraclass Correlation
Coefficients (95% Confidence Interval).
TAPP Checklist

GOALS- GH

Rater 1 vs. Rater 2

0.79 (0.60-0.89)

0.68 (0.42-0.83)

Rater 1 vs. Rater 3

0.77 (0.57-0.88)

0.55 (0.24-0.76)

Rater 2 vs. Rater 3

0.69 (0.45-0.84)

0.60 (0.30-0.79)

Over all

0.75 (0.60-0.86)

0.60 (0.41-0.77)

Rater 1: surgon educator, Rater 2, 3: TAPP experienced surgerons (TAPP>100 cases).
Known Group Validity
The median checklist score was 23.2 (IQR 22.7-24.0) for the experienced group, 22.0 (IQR
19.7-23.0) for the intermediate group, and 18.7 (IQR 15.3-20.3) for the novice group. The
difference between the scores of three groups was significant (p <0.001) (Fig. 2).

Fig 2: Checklist score and group according to self-reported TAPP experience. Novice:
TAPP<10 cases, Intermediate: TAPP 10-50 cases, Experienced: TAPP>50 cases. The
horizontal bar represents the median, the box represents the interquartile range (IQR),
and the whiskers represent the range.
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Concurrent validity
The checklist score showed high correlations with both the case volume and the GOALS-GH

Average Checklist Score

score (Fig 3, 4).

Self-Reported TAPP Experience (Cases)
Fig. 3: Correlation between checklist scores and self-reported TAPP experience.
Average checklist score represents the average of the checklist score for each case. The
correlation is calculated using Spearman Rho (rs).
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Average GOALS-GH Score

Average TAPP Checklist Score
Fig 4: Correlation between checklist scores and GOALS-GH scores. The average
Checklist Score and the average GOALS-GH score is the average of the scores given by
the 3 raters for each case. Correlation was calculated using Spearman Rho (rs).
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Chapter 2:
Phase 2: Development of the educational system

Introduction
In this phase my objective was to develop the educational tools based on the assessment tool
developed in phase 1 and to develop an educational system using the newly developed
education tools and assessment and feedback system using the assessment tools developed in
phase 1.

Materials and Methods
Development of Educational Tools:
Detailed explanation sheet for the TAPP checklist and the TAPP educational video based on
the TAPP checklist was developed as the educational tools.
1. Detailed explanation for the TAPP checklist
The TAPP checklist itself is detailed list of the steps of the procedure and simple explanation
about what needs to be done at each step. However, due to my effort to keep the checklist
within one page, I mainly included the keywords to help the novices in the checklist. A
separate detailed explanation sheet was developed explaining each steps in detail. Pitfalls of
each step were also explained. For the raters, there was explanation on the criteria to award 1
point or 0 point on each item. For novices, this acted as the information sheet to what needs to
be done in each step. TAPP experts and surgical educators were consulted while developing
this explanation sheet. International guidelines and local textbooks were also consulted to
come up with the final sheet.
2. TAPP Educational Video
Two TAPP experts with the experience of more than 200 TAPP cases each were
independently contacted and were requested to provide the surgical video clips that would
explain each step of the TAPP procedure. They also provided with additional slides
explaining the procedure. Residents who had performed less than 10 TAPP procedure were
- 15 -

interviewed on the difficulties they faced when they first performed the TAPP procedures.
Surgical video clips and animations were used to explain each item of the TAPP checklist.
Anatomical landmarks were explained using surgical videos and animations. The trainees
were encouraged to spend time in the dry boxes they had in their hospital to practice their
suturing skills and develop their hand eye coordination. Each of these items were arranged
separate chapters in the video so the trainees could come back and watch any portion they
needed to revise easily.
The educational video was first checked by TAPP experts and surgical educators for any
mistakes. It was the piloted to local surgical residents to check if they got the message and
found it easy to use. Minor changes were made based on the suggestions of the experts and
the residents. Final video was once again checked by the TAPP experts.

Development of the educational system
In addition to the educational tools, a system was created to effectively use these tools for the
training of the trainees.
1. TAPP operators’ criteria:
For this project, I setup the following two criteria that the trainees needed to successfully
complete before they were allowed to do TAPP cases on the patients.
a. Knowledge of the procedure:
A simple exam was developed by the researchers to test the trainees of their
knowledge of the procedure. The exams contained multiple choice questions related to
the TAPP procedure. Total 16 questions were divided into two sets of 8 questions.
Care was taken to make both these sets comparable. Both sets of questions were
piloted with the surgeons of various levels attending a TAPP educational seminar.
Post seminar, the participants had scored full marks. The trainees were required to
attain full marks to pass this exam and be eligible to perform the TAPP surgery.

b. Technical skills:
TAPP procedure requires intracorporeal suturing to close the peritoneal flap. The
participants were required to be able to complete intracorpreal suture with three knots
within two minutes, with the first knot being the surgeons knot. This time was based
- 16 -

on the study by Scott et al. 30, which demonstrated that the residents needed to be
trained until they could do intracorporeal sutures with three knots within 111 seconds
in order to pass Fundamental of Laparoscopic Skills test.

2. Assessment and feedback
As a part of this education system I incorporated systematic assessments and feedback system
for the residents. The residents were assessed and were given feedback by their instructors
during the surgery and after the surgery, using validated assessment tools. The residents also
did the self-assessment. The portions were the instructor had taken over was given the score
of 0. The residents then sent their surgery video to be assessed by the third party along with
the short note mentioning the portions were the instructor had taken over the as the surgeon.
Blinded TAPP experts who were trained as video raters using the TAPP checklist rated their
video and gave their feedback in the comments section. This was sent back to the residents to
help them in their forthcoming cases.
For the statistical analysis, higher score was considered as better performance. However, there
are multiple ways to obtain the same score. For the clinical and training purposes, all the
items were not considered to be equal, and the trainees were asked to concentrate on the items
they did not score rather than to be happy with the total score.
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Chapter 3:
Phase 3: Validation of the new educational system

Introduction
The objective of this phase was to examine the educational value of the new educational
system developed in phase 3 using a multicenter prospective randomized controlled trial.

Materials and Methods
Ethical Issue
The institutional review board (IRB) of Faculty of Medicine at Hokkaido University approved
this study (Med 014-0055). Individual IRB approval was also obtained from each of the
participating hospitals. The participants were also asked to get written informed consent from
the patients informing them that the surgical video of their procedure will be evaluated by
experts outside the hospital. The instructors in each institute had full right to determine
whether the participants were ready to perform TAPP procedure and take over the procedure
if they feel that the participants were having trouble finishing the procedure or if they felt that
the patient was at harm. They were allowed to continue with their normal clinical duty and
other surgeries during the study period.

Participants
General surgery residents and general surgeons from participating hospitals, who had
performed one or less TAPP procedure were recruited for this study from April 2015 to
March 2016. The study was designed as a prospective randomized controlled trial (RCT) in
accordance with the CONSORT statement (fig 5). The participants were individually
explained about this trail and only the participants who provided with the written informed
consent were included in this study.
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Enrollment

Enrolled for the study (n=18)
Excluded (n=4)
First TAPP case score >20

Pre-Test
First TAPP case

Randomized (n= 18 )

Allocation
Intervention group (n=7)

Control group (n=7)
Drop out (n=2)
personal reason

Trained under new protocol (n=7)
Training

Trained under existing protocol (n=5)
N(n=7)

Competed 3rd TAPP case (n=7)

Final analysis

Completed 3rd TAPP case (n=5)

Fig 5: The CONSORT statement

Randomization
Background information on all the participants were collected. The participants were
randomly assigned to intervention group (IG) and control group (CG) such that p value
between the background data in both groups was >0.4. The participants however were not
notified of their grouping until they submitted their first TAPP procedure video.
When there were more than one participants from the same institute, undergoing the study at
the same time, participants in the IG were asked not to share their education tools with the
participants in other group or the ones who are yet to be notified of their grouping. Instructors
in charge of the first case and ones for the CG was also separated from the one who was in
charge of the IG during the study period.
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Case selection
Institutes were requested to select the male patients with primary indirect hernia, PL2
according to European Hernia Society guidelines as far as possible for the study. The
participants were barred from performing surgery on recurrent or incarcerated hernia during
the study period.
Assessment of TAPP procedure
All the participants were asked to send the surgical video of their TAPP procedure along with
a short note indicating the portions where the instructor had taken over, to the researcher.
They were also asked not to perform any more TAPP procedures without the researcher’s
approval. The videos were checked by the researcher and information that could identify the
surgeon or the patients were edited. Digital copies of these video were then randomly rated by
one of the three video raters, who had earlier been trained as raters using the TAPP checklist.
The raters were blinded to the identity, institute and grouping of the participants.
Exclusion Criteria
The participants were excluded from the study if their first TAPP video checklist score
exceeded 20. The participants who had already performed more than one TAPP procedure
were also excluded from the study.
Pre-test and Post-test:
All the participants were administered the pre-test and post-test, that was earlier developed
and piloted in phase 2. Pre-test was administered after they submitted their first TAPP video.
Participants in IG were administered and were required to pass post-test before they were
assigned their 2nd TAPP case. The participants in CG were administered post-test after the
study period was over and before they were handed out the educational materials.

Training of the Intervention Group
The participants and their instructors were notified on which group they had been assigned to
after the pre-test. The participants and the instructors in the IG were provided with the TAPP
educational video and the TAPP checklist explanation sheet. They were briefed on how to use
the TAPP checklist, the TAPP checklist explanation sheet and the TAPP educational video.
The participants were provided with the assessment sheet of their first procedure by the video
- 20 -

raters and were asked to review the educational video and their procedure. They were also
asked to practice the intracorporeal suture in the dry box. The researcher tested the
participants and were allowed to perform their next TAPP case only after clearing the TAPP
operators’ criteria that was determined in phase 2. The instructors were instructed to used
TAPP checklist to evaluate the trainee after the procedure. They were also encouraged to use
the same terms used in the educational video while giving feedback to the trainees. The
participants were asked to do the self-evaluation after each procedure using the TAPP
checklist and send their TAPP procedure video along with the assessment sheets of both the
participant and the instructors. The blinded video rater rated the video using the TAPP
checklist and these assessments were sent to the participants to help them with their next
procedure.
Training of the Control Group
The participants and the instructors of the CG continued with their regular training and
performed TAPP procedure as per the individual hospital criteria. They were asked to submit
video of each procedure. After the completion of the study, they were provided with the
TAPP checklist, TAPP checklist explanation sheet and the TAPP educational video along
with their assessment sheet of their previous surgical procedures.
Outcome
The primary outcome was the total TAPP checklist score of the third TAPP case. I also
compared improvement of the score from TAPP case 1 to case 3 in both groups. To look into
the different aspect of the TAPP procedure where this educational tool would have impact, I
also looked into the difference in the score and the improvement from case 1 to case 3 in each
subsection of the TAPP checklist. Subsections, incision of the peritoneum, creation of
dissection space, parietalization and reduction of hernia sac were grouped together as
dissection of preperitoneal space. The participants were blinded and were not informed of the
TAPP case that will be compared as the primary outcome and were asked to provide the
videos up to their 4th TAPP case.
The scores given by the blinded video raters were used for all the analysis. If the video
provided contained a portion of procedure that was not recoded, the portion was not scored
and was handled as the missing data for the total score and the unrecorded sections. The
scores of the recorded sections were however used for the analysis of the sections.
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Survey:
An anonymous survey was done among the trainees and instructors from affiliated instituted
who used this training tool. I used the internet platform provided by Google Forms (Alphabet
Inc, California USA) to conduct the survey. The participants and instructors were sent the
survey from the platform and were requested to respond to the survey. The survey contained
questions assessing the usefulness of the educational tool and the feedback the participant
received in 5 point Likert scale with 5 being the best answer. The participants were also
queried about the number of times they used the tool during the study period.

Statistical analysis
The primary outcome of this study was the difference between the baseline and performance
or third case. Based on my previous data, the mean TAPP checklist score for 1st TAPP case
was 17.4±2.7. and for 3rd TAPP case was 18.0. A post training increase in the TAPP checklist
score to 20 in IG was considered significant. To demonstrate significant difference between
the two groups with and alpha of 0.05 and a beta error of 0.20, the analysis indicated a need
for a minimum of five participated in each group.
Student T Test was used to compare the data between two groups. Paired sample test was
done to compare the checklist score between TAPP case 1 and TAPP case 3 and test score in
pretest and post-test of the same individual. Data are presented as Mean (Standard Deviation).
p <0.05 (two-tailed) was considered significant in all analyses. All statistical analyses were
done using SPSS version 17 (IBM, New York, NY).
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Results:
Demographics
The eighteen participants from nine institutes were recruited for this study. Four participants
(three from the CG and one from IG) were excluded from the study as they met the exclusion
criteria. Two participants from CG dropped out of the study due to their personal reasons.
Seven participants in IG and five participants in CG completed the study and were included in
the final analysis. There was no difference between the backgrounds of the participants.
(Table 3)

Table 3: Backgrounds of the participants. Data are presented as Mean (Standard
Deviation)

Post graduate year (Year)
Number of TAPP cases as assistant

Control Group

Intervention Group

p

(n= 5)

(n=7)

3.8 (0.8)

4.5 (2.3)

0.51

10.8 (10.8)

9.1 (5.8)

0.74

17.4 (23.4)

31.3 (33.5)

0.45

54.0 (11.0)

49.7 (10.1)

0.50

81.0 (59.2)

84.4 (73.8)

0.93

(Cases)
Laparoscopic surgery experience as
surgeon (Cases)
Number cases in the institute last year
(Cases)
TAPP cases experience of the
instructor (Cases)

Primary outcome
In their first case the participants in CG tended to score better 15.4(2.6) compared to the score
of 12.4 (3.7) of IG. This difference however was not statistically significant (p=0.16).
However, by the third TAPP case, the score of the participants in the IG improved
significantly to 21.3 (2.0) (p=0.008) while the change in the score of the participants in CG to
16.4 (4.7) was not statistically significant (p=0.52). The difference between scores between
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IG and CG in their third case was also statistically significant (p=0.04). In the analysis of
different subdivisions of the procedure, the participants in the IG scored better than their
counterparts in CG significantly in important aspects of TAPP procedure; “Dissection of
preperitoneal space” (p=0.006) and “Extent of dissection” (0.027). The participants in IG also
had better scores than their counterparts in CG in the “Mesh deployment” section, however
the difference in the score did not reach the statistical significance with p value of 0.06. In all
subsections, the difference between the score in the first TAPP procedure and the third TAPP
procedure was not significant for the participants in the CG. However, participants in the IG
managed to improve their scores significantly in “Dissection of preperitoneal space”, “Extent
of Dissection” and “Mesh Deployment” subsections (Table 4).
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Table 4: TAPP checklist scores of the participants. Data are presented as Mean (Standard
Deviation).
Control Group

Intervention Group

TAPP 1 Total Score [24]

15.4 (2.6)

12.4 (3.7)

0.16

TAPP 3 Total Score [24]

16.4 (4.7)

21.3 (2.0)

0.04*

0.52

0.008*

TAPP 1 Trocar Score [2]

1.8 (0.4)

1.6 (0.5)

0.45

TAPP 3 Trocar Score [2]

2.0 (0.0)

2.0 (0.0)

1.0

0.37

0.175

TAPP 1 Dissection Score [6]

3.8 (1.1)

3.3 (1.5)

0.53

TAPP 3 Dissection Score [6]

4.4 (0.9)

5.8 (0.4)

0.006*

0.37

0.021*

TAPP 1 Extent of dissection Score [4]

2.0 (1.0)

1.9 (1.2)

0.8

TAPP 3 Extent of dissection Score [4]

2.4 (1.7)

4.0 (0.0)

0.027*

0.62

0.003*

TAPP 1 Mesh Score [4]

3.4 (0.9)

2.6 (1.3)

0.24

TAPP 3 Mesh Score [4]

3.0 (1.0)

3.9 (0.4)

0.06

0. 48

0.049*

TAPP 1 Suture Score [2]

1.8 (0.4)

1.7 (0.8)

0.83

TAPP 3 Suture Score [2]

2.0 (0.0)

2.0 (0.0)

1.0

0.37

0.36

TAPP 1 Overall Score [6]

2.6 (1.1)

1.7 (1.1)

0.21

TAPP 3 Overall Score [6]

2.8 (1.9)

3.4 (1.5)

0.54

0.83

0.095

P

P

P

P

P

P

P

p

Maximum total possible score in each section is written inside [ ]. p value in the column
represent the difference between the score of the Control Group and the Intervention group. p
value in the rows represent the difference between the scores of the first TAPP case and the
third TAPP case. * is used to denote the difference that is statistically significant.
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Secondary Outcome
In the Pre-test participants from the CG and IG scored 5.8 (1.1) and 5.1 (0.9) respectively.
The difference was not statistically significant (p=0.28). In the Post-test, the participants in
the CG did not show significant improvement in their score with the score of 6.2 (1.1)
(p=0.18). However, the participants in the IG improved their score significantly to 7.8 (0.4)
(p<0.001). The Post Test score of IG was significantly better that that of CG (p=0.004).
(Table 5)

Table 5: Pre-test and Post-test Scores.
Control Group

Intervention Group

p

Pre-test Score

5.8 (1.1)

5.1 (0.9)

0.28

Post-test Score

6.2 (1.1)

7.8 (0.4)

0.004*

0.18

<0.001*

P

Data are presented as Mean (Standard Deviation).
p value in the column represent the difference between the score of the Control Group and the
Intervention group. p value in the rows represent the difference between the scores of the PreTest and the Post Test. * is used to denote the difference that is statistically significant.

There were no post-operative complications except for one case of seroma in the cases done
by the participants.
Survey results
The response rate of the post study survey was 100% for both the instructors (5/5) and the
participants (7/7). The participants viewed the TAPP educational video 8.1 (5.2) times and
went through the explanation sheet 6.1 (3.7) times on average. All the participants felt that
the TAPP educational video was useful in helping them understand the TAPP procedure
better. While 6 participants agreed that the explanation sheet was useful while 1 participant
was not sure about its educational value.
While all the participants agreed that the TAPP checklist score given by their instructor
reflected upon their own level, in regards to the score given by the video raters, 1 participant
was not sure about if it reflected his level.
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Participants seemed to slightly favor the assessment and feedback by their instructor during
the surgery to the feedback from video raters with 6 strongly agreeing and 1 agreeing to the
statement that the assessments and feedback from their instructors helped them improve their
surgical performance as opposed to 2 strongly agreeing and 5 agreeing to the statement that
the assessments and feedback from the video rater helped them improve their surgical
performance (fig 6, fig 7).
Fig 6: The result of questionnaire: “Do you agree that assessment and feedback during the
surgery was useful in helping you improve your performance?”

Fig 7: The result of questionnaire: “Do you agree that assessment and feedback by the video
rater was useful in helping you improve your performance?”
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Sixty percent of the Instructors agreed that both the educational video and the explanation
sheet was useful in instruction of the trainees and rest were not sure about its usefulness. Only
40% of the instructors felt that the TAPP checklist was useful in assessing the trainees where
was 60% not sure. Eighty percent of the instructors felt that assessment and feedback based
on the TAPP checklist was useful in improving the surgical skills of the trainees. However,
60% of the instructors felt that it was taxing for them to use the assessment tools and the
opinion was divided with 40% of the instructors wishing to continue, 40% undecided and
20% not wishing to continue using the assessment tools after the study period (fig 8, fig 9).
Fig 8: The result of questionnaire: “Do you think that it was taxing for the instructors to
assess the residents and give them feedback in every case?”

Fig 9: The result of questionnaire: “Will you continue assessing and giving the feedback to
your trainees after this research project is over?”
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Discussion
In first phase of this project, a novel assessment tool for the TAPP procedure was
systematically developed and validated referring to the recommendations given by Ahmed et
al.31. Task analysis was done to systematically list the important steps and assessment items of
the TAPP procedure, and the results were then circulated among experts from multiple centers
to attain consensus on the list and its definition, which formed the TAPP checklist. I then
validated this tool using 3 blinded raters from different institutes. Although the raters scored
recorded performance without a formal rater training prior to assessments, based on the
definitions provided in the checklist, ICC was very good at 0.75. After the development and
validation of the TAPP checklist I continued this work in phase 2 to systematically develop
the education tools based it and developed the educational system using these tools for
novices with the remote assessment and feedback at its core. I then demonstrated the
educational impact of this new educational tool on the novice surgeons using adequately
powered multicenter prospective randomized controlled trial.
Assessment tools
Birkmeyer et al. 15 and more recently Mackenzie et al. 32 have demonstrated that, the surgeons
who scored higher when their technical skills were assessed, had the fewer postoperative
morbidity. So assessing a surgeon is not only a part of the surgical education for the residents
but has a wider role in the society to ensure the safety and quality of the surgery for the
general public. Regulatory bodies in few countries already have system in place to assess the
surgical procedure and grant credential24, 33. More studies are however necessary to develop
and validate the assessment tools required for granting licenses for these procedures.
I used video recording of the procedure for the assessment procedure. My choice of pursuing
video based assessment was mainly driven by the fact that video based assessment widens the
scope of surgical assessments to all types of hospitals and program and even to centers in
developing countries as a means of remote education. Any surgeons in any hospital, provided
they can record their surgical performance, send their video to the experts and have them
assessed. There have already been some attempts to teach and assess basic laparoscopic skills
using remote training 34. Using video ratings this education system already incorporates
remote assessment and feedback system. it does not need to set up simulators or other system.
This makes it an ideal system which can be adapted to develop a remote training system for
LIHR.
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Using video recordings for assessments has its share of pitfalls. Raters can evaluate the
recorded performance at their convenience, but it also means that they have to give time
outside the operating room to evaluate the video recordings. Although Dath et al. 22 have
reported decreased time required for evaluations of video recordings compared to direct
observation, by allowing the raters to fast forward without affecting the reliability of the
assessment, commitment and dedication are needed on the part of the experts to evaluate the
videos in their free time23. Despite these drawbacks, evaluation using video recordings
enables remote evaluations of the procedure and provides an opportunity to novice surgeons
to learn about their procedures from experts helping standardize the procedure.
As the complexity of the procedure increases, trainees also need more detailed assessment and
feedback. The global rating scales are short and concise, focusing mainly on the general
aspects of the procedure. GOALS-GH has only 5 items to assess major steps in the
performance of LIHR. While it has been shown to be able to evaluate the trainees both in the
simulator setting and in the operating room setting, it would require detailed discussion
between the trainer and trainee to get the adequate feedback from the rater19. However, the
checklist, by its detailed nature, would provide trainees with assessment and feedback on
exactly what aspect of their TAPP procedure is inadequate. Gallagher et al. 35 have also
concluded that checklists are more suitable as assessment tools as the complexity of the
procedure increases.
Using global rating scales, to assess video recordings of the procedures seems to affect the
reliability of the tools. Vassiliou et al.36 and Scott et al.37 have reported lower ICCs for their
assessments when they validated their tools for the use by video raters. The present study
showed the ICC between two video raters for GOALS-GH to be between 0.55-0.60,
compared to 0.88 between two direct observers reported by Kurashima et al.19. With
assessment using video recordings, technical aspects are easier to assess than the knowledge
of the operator. In their review of the literature, van Hove et al.38 found that four of five
checklists were also used for video rating, whereas just two of the eight global rating scales
they reviewed were used for video rating. The present study showed better reliability with
checklists compared to a global scale while using video raters. These results demonstrated
that the procedural checklist was better option for providing formative assessment using video
recordings.
Assessment and Feedback
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One of the most important part of this educational system was the incorporation of assessment
and feedback system using a valid assessment tools both from their instructors in their
hospital and from video rater. These were designed to help the novices understand the aspect
they were weak at and focus on that aspect before their next case. Since, the introduction of
OSATS39, assessment using a validated tool and giving the resident an objective feedback has
formed the backbone of most of the systematic educational curriculum.
Studies have shown that the feedback plays an essential role in developing surgical skills 40.
Most of the studies agree that immediate feedback to be most effective 40-42. In this study, the
residents highly valued the assessment and feedback they received during the surgery and
after the surgery from their instructors and the video rater. They tended value the feedback
they received from their instructors immediately after the surgery higher. However, while
most of the instructors also felt that assessment and feedback was helpful in the progress of
the trainees, 60% of the instructors felt that the process was too taxing for them and only 40%
wished to continue the assessment and feedback process after the research period was over.
One of the factors behind this may be attributed to the volume of clinical workload on the
instructors. As shown by the survey by Kurashima et al.6 most of the program directors were
not satisfied with the amount of time they could dedicate to teach the residents. Even in North
America, where much importance has been placed on surgical education, a survey by Jensen
et al. 42 revealed that the residents are in fact not receiving as much feedback as they would
have liked. A recent study by Soucisse et al.43 has shown the effectiveness of the feedback
after video assessments. This purposed remote assessment and feedback system could ease the
burden from these instructors and give the trainees a chance to have their surgical procedure
assessed and receive formative feedback to help them improve their skills.
These assessments and formative feedback using a detailed checklist have helped the novices
in identifying their weakness. They were encouraged to focus their training and study in those
areas. This may have led the novices to deliberate practice of the areas of their weakness.
Deliberate practice has been attributed to better performances in the field of games, music,
sports 44. Recently, quite a few studies have looked into its implication on the field of surgical
education 45-48. Hashimoto et al.46 demonstrated that the quality of the performance of the
novices undergoing deliberate practice was higher in simulation training. Other studies also
have similar conclusion. Despite the fact that this educational system lacks the tool for
technical training other than the dry boxes that is already present in their hospital, novices
using this system made significant progress in their TAPP performance. While I did not
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record the amount of time they spent on the dry boxes, the participants went through the
educational material multiple times, going through the portions they lacked and improvement
in various aspects such as dissection, extent of dissection, mesh deployment were evident by
the third TAPP surgery.
Educational systems for LIHR
The previous educational system for LIHR were developed and validated in large university
hospitals with a number of residents, teaching faculty and equipped with simulation center
and proctors 25,26. The residents first mastered the technique in the simulators before going to
operation theater. However, in Japan and most of the countries outside of North America,
very few resident teaching hospitals are actually equipped with the simulation center and have
trained faculty to train them outside of the operation theater. Most of the teaching still follows
the Halsted model where residents are expected to learn from their instructors by watching
them in the operation theater. This method however has long learning curve with novices
taking up to 60 cases to master LIHR technique 49.
Bokeler et al. 50 after comparing the operative performance of the pioneers of TAPP surgery
in their hospital with the novice surgeons recommended systematically introducing the
trainees into TAPP procedure by allowing them to do one part at a time and analyzing the
videos of the trainees. They also introduced a simple simulator that could be used to train the
novices outside the operation room, however both the simulator and the systematic teaching
method recommended in the paper were not validated and were described as the expert
opinion of their experience of over 15,000 TAPP cases. This educational system incorporates
the assessment and feedback of the surgical video of the trainees and I have enhanced it by
using the validated tool for this process so that the trainees get the similar assessment and
feedback even when the raters change.
It is said that surgery requires 75% of cognitive knowledge and 25% of technical skills 51. I
focused on the cognitive aspect of the surgery in this education tool to help novices
understand the TAPP procedure, understand and visualize the terms used by their instructors.
The tool was designed to help the novices verbalize the procedure and help them in decision
making during the procedure. The survey showed that the trainees highly valued these
educational tools. They seemed more biased toward the educational video that visually
explained the procedure to them. The instructors, although positive, were not so enthusiastic
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as the trainees. These educational tools were targeted for the novice users, and probably did
not have the depth that instructors were looking for.
The novice users who trained with this new educational tool made significant improvement
with their TAPP performance in short span of 3 cases. They also made significant progress in
the important aspect of the procedure as dissection of preperitoneal space, extent of dissection
and mesh deployment. Despite of my attempt to match the trainees in both groups, the
trainees in the CG had the tendency to score better in their first TAPP case and also in their
pre-test. However, the participants in the CG did not show significant improvement in any
aspect of their procedure and at the end of the study were outscored by the participants of IG.
Most of the participants from the both the groups scored nearly full marks in items that were
relatively easy like insertion of trocar and ones that were purely technical skill like that of
suturing of the peritoneal flap. However, in the items where both technical skills and
cognitive skills were necessary, like the dissection of the preperitoneal space, extent of
dissection, the difference between the CG and IG was evident. In the extent of dissection, all
the participant in the IG had scored full marks in their third case. In the earlier study by
Kurashima et al. 25 on TEP repair showed similar trend with educational effect most evident
on the creation of preperitoneal space and reduction of hernia sac. These steps are actually the
most important steps in the TAPP that is directly related to the patient outcome such as
relapse, hemorrhage, hernia neuropathy 12.
Simulator training is considered gold standard for the training for surgical skill 2. In this
study, I have been able to demonstrate a considerable educational impact on the novice
surgeons without the use of simulation. Ideally, I would have to demonstrate the educational
impact of this educational tool by comparing it with established simulator training. However,
as mentioned earlier, this educational system is developed for a setting where simulator
training is not feasible. I have demonstrated that even in these settings, using systematic
approach to training of surgical skills is superior to the traditional training methods.
Moreover, I have demonstrated the educational impact of this tool using the trainees
distributed in a wide range of affiliated institutes. This adds to the generalizability of my
educational system, which is one of the strongest points of this educational system.
Limitations
The present study has some limitations. For the development of the assessment tools, recent
studies have been using consensus methodology such as the Delphi method to develop
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assessment tools, and this is considered superior due to the anonymity of the participants 33, 52.
I was not able to adopt this method due to technical limitations, but I worked to limit bias
among the experts by holding discussions with each expert individually in multiple rounds.
Several items in the checklist and its definition consist of “properly” or “appropriate” which
makes these items subjective and open to interpretation by the users. This was the result of an
attempt to respect the procedural difference that exists between different institutes in noncritical aspects of the procedure like torcher location and my attempt to keep the assessment
tool as concise as possible. I have remained objective in the critical aspects of the procedure
like extent of the dissection by clearly stating the structures that need to be visible. On the
explanation sheet for the checklist for the trainees and raters where each step was further
explained in detail so that they could understand what exactly was the meaning of terms
“properly” and “appropriate” for each step.
This study has not been able to demonstrate the difference in patient outcome. Zendejas et
al.26, in their study demonstrated less intraoperative and postoperative complications with the
trainees who underwent simulation training. This study was not powered to detect the
difference between the complications between the two groups. All the participants underwent
the procedures under the controlled environment where their instructors took over whenever
they felt that the trainees did not know what they were doing or risked the patient safety.
While this led to decreased score in the performance of the trainee, it did not necessarily result
in the complications in the patients.
Future potential
This educational system can be easily implemented in any hospital to train the trainees with
LIHR. It has potential to improve the patient outcome by enhancing the quality of surgery
performed by the trainees during the early stages of their learning curve. It also has a potential
to serve as template to develop educational tools for other complex surgical procedure.
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Summary and Conclusions:


In the first phase of this project I developed a novel metrics for the assessment of
surgical skill related to the TAPP procedure.



Using recorded TAPP performance I demonstrated that this assessment tool had high
interrater reliability, had ability to differentiate between novices, intermediate and
experienced TAPP performer and showed high concurrent validity with the number of
TAPP cases performed by the surgeon and the GOALS-GH score of the same
procedure.



Using the detailed nature of this assessment tool, I developed the educational tools and
educational system with assessment and feedback system at its core. The users of this
new educational system found it to be very useful in improving their surgical skill of
TAPP procedure.



In third phase of this project I conducted an adequately powered multicenter
prospective randomized controlled trial and demonstrated that the novices from
variety of affiliated who underwent the training using this educational system
outperformed their counterpart who underwent traditional training method that existed
in their hospital.



This new educational tool has the potential to reduce the learning curve of the novices
for TAPP procedure.



As it does not use any expensive setup, it can be implemented at almost any institute
in the world.



This educational system has potential to improve the patient outcome improving the
quality of surgery.



While I have just concentrated on one surgical procedure in this educational project,
there is a need for educational system for other surgical procedures that are commonly
performed by the novices to help them shorten their learning curve.



This educational system that I have developed has a potential to serve as template to
develop educational tools for other complex surgical procedure.
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