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Abstract

Background Recently, laparoscopic surgery (LS) has become a more common procedure than traditional open surgery.
Although LS-related adverse events have been reported, there is no formal, standardized curriculum to teach the fundamentals
of LS in Japan. Understanding surgeons’ knowledge regarding LS is crucial for developing an educational curriculum. The
purpose of this study was to determine the baseline knowledge on LS of surgeons and surgical trainees in Japan.

Methods Participants completed 24 multiple-choice questions testing basic cognitive knowledge of LS and a questionnaire
regarding the status of laparoscopic education. The examination was developed according to the 13 content domains of the
Fundamentals of Laparoscopic Surgery (FLS) program. Scores were compared between post-graduate year (PGY)> 5 and
PGY 1-5 participants. Data are expressed as median scores and interquartile ranges. Wilcoxon signed-rank test was used
for statistical analysis.

Results A total of 195 surgeons and surgical trainees from 10 teaching hospitals (PGY1-5: 66, PGY > 5: 129) across Japan
completed the examination. The median score in the entire cohort was 75 [67; 83] %, with significantly higher scores in the
PGY > 5 group compared to the PGY 1-5 group (79 [75; 83] % vs. 67 [58; 75] %, p <0.001). The differences in performance
were due to better scores for PGY > 5 group on the sections “equipment,” “patient considerations,” “abdominal access,”
“tissue handling,” “hemorrhage and hemostasis,” “tissue approximation,” and “exiting the abdomen.” Overall, the median
scores in the “energy sources” and “establishment and physiology of the pneumoperitoneum” subsections were lower than
in other domains. All participants agreed on the need for fundamental knowledge and a formal educational curriculum.
Conclusions Compared to experienced surgeons, surgical trainees had lesser knowledge about performing LS. Regardless
of the years of experience, there are crucial knowledge gaps in specific areas regarding safe LS that should be addressed by
implementing an educational curriculum.
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Laparoscopic surgery (LS) has become a part of the routine
surgical practice and has led to the advancement of surgery
by its increasing role in patient outcomes, such as decreas-
ing surgical site infection rates, and education [1, 2]. LS is
a surgical operation that is performed in specific circum-
stances and involves the use of new devices and the creation
of a physiological pneumoperitoneum. In LS, complications
that are not typically experienced in open surgery can occur.
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Although intraoperative adverse events are rare, problems
related to LS have been reported [3, 4]. Application of fun-
damental cognitive and psychomotor training will ensure a
minimal standard of care for all patients undergoing LS. In
this regard, the Fundamentals of Laparoscopic Surgery™
(FLS) program was developed with a definite goal in 2004
by the Society of American Gastrointestinal Endoscopic
Surgery as a validated standard training model [5]. Success-
ful completion of the FLS exam has become a requirement
for board certification by the American Board of Surgery
due to its educational role and reliability [6, 7].
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LS has advanced from basic procedures to more com-
plex procedures. As such, the safety demands of LS have
increased. LS-related adverse events have been reported in
Japan and these were significant but preventable social prob-
lems [8, 9]. Currently, the Japan Surgical Society, which is
the body for board certification, requires the performance
of ten cases of LS as a requirement for board certification;
however, there are no further requirements of skills, includ-
ing cognitive and psychomotor skills [10]. The endoscopic
surgical skill qualification system, which is an advanced LS-
certified system developed by the Japan Society for Endo-
scopic Surgery, assesses operative performance but not cog-
nitive focus [11]. A standard curriculum to teach and assess
basic knowledge for safe LS is lacking.

There have been no investigations on the degree of knowl-
edge required for safe LS, and no studies that explore the
need for an educational training module to teach and assess
knowledge of LS in Japan. To understand the requirements
for fundamental LS knowledge and to survey which areas
need to be focused on when designing the educational cur-
riculum, elucidating the knowledge levels of surgeons and
surgical trainees regarding safe LS is crucial. The purpose
of this study was to determine the baseline knowledge of the
surgeons and surgical trainees who were performing LS and
to identify the educational needs for a cognitive-focused LS
curriculum in Japan.

Materials and methods

Participants were recruited from all levels of the surgical
profession to complete a web-based examination assessing
knowledge of LS over a 3-month time frame. They com-
pleted questionnaires about the need for learning the basics
of LS and a formal educational curriculum. The local inves-
tigators were recruited on a volunteer basis directly at the
2016 Surgical Education Summit, the Japanese Association
for Surgical Education (JASE) and through email [12]. The
assessment questionnaires were circulated to all surgeons
and surgical trainees at each institution using departmental
announcements and personal communications. Surgeons and
surgical trainees had at least one laparoscopic case experi-
ence as either a primary surgeon or an assistant in the 2015
academic year. This study was approved by the institutional
review board of Hokkaido University (# 016-026) and con-
sent was obtained from all participating institutes except
for three institutions where the institutional ethics approval
was waived for this study. All participants provided written
informed consent before study enrolment. Participants were
categorized according to years of experience after medical
school [post-graduate years (PGY)].

Assessment instruments

A 24-question multiple-choice examination was used. The
assessment for essential knowledge of LS was developed
based on the 13-content domains of the FLS program [13].
The number of questions for each objective was modi-
fied from the weighting reported for the FLS certification
examination blueprints in order to better reflect the clinical
practice in Japan. Anesthesia and biopsy technique objec-
tives were excluded because of differing practice patterns
in Japan. Our research team adjusted the weight of the con-
tent area and finalized the questions based on the modified
weight. The final domains of the FLS program are shown
in Table 1. The survey questionnaire used a 4-point Likert
scale for the four categories of strongly agree, agree, disa-
gree, and strongly disagree. The questionnaire investigated
the need for learning the fundamentals of laparoscopy,
providing a formal educational curriculum, and assessing
fundamental laparoscopic knowledge at the point of pre-
liminary examination of board certification or endoscopic
surgical skill qualification. The assessment was developed
by two surgeons (Y.W. and Y.K.) who had FLS program
certification and the members of the surgical education
research team at Hokkaido University.

Data analysis

Total score was calculated as percentage correct answers
of the 24 items. Scores were compared between PGY > 5
and PGY 1-5 participants. PGY 6 was used as a cutoff to
segregate levels of experience as trainees are eligible to be
board-certified surgeons at the end of PGY 6 of training in
Japan. The PGY > 5 group was further divided into PGY
6-15 and PGY > 15 categories based on teaching respon-
sibilities and surgical experience. Results are expressed
as median and interquartile range unless otherwise stated.
Wilcoxon signed-rank test was used to analyze differences
between the groups. All analyses were performed using
JMP version 12.2.0 (SAS Institute Inc., Cary, NC, USA).
p <0.05 was considered statistically significant.

Results

Participants

Of the 220 candidates from 10 teaching institutions, 195
surgeons and surgical trainees completed the assessment

(response rate 89%). Participant characteristics, includ-
ing board certification, self-reported experience, and prior
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Table 1 Eleven major content areas conformed to the weighting reported for the FLS certification examination blueprints

Subject area

FLS original weight (%) Modified weight

in this study (%)

1 Equipment: tools of the trade 11 13
2 Energy sources: electrosurgery, ultrasound, and laser 7 8

3 Patient considerations: patient selection, contraindications, and preparation 11 13

4 Anesthesia: types and complications 4 NA?
5 Patient positioning 7 4

6 Establishment and physiology of the pneumoperitoneum 11 17

7 Abdominal access and trocar placement 11 8

8 Tissue handling, exposure, and examination of the abdomen and pelvis 11 8

9 Biopsy techniques 5 NA?
10 Hemorrhage and hemostasis 7 13
11 Tissue approximation: indication and techniques 4 8

12 Exiting the abdomen: drains, site closure 4 4

13 Postoperative care 4 4

FLS Fundamentals of Laparoscopic Surgery, NA not applicable

#“Anesthesia” and “biopsy techniques” were excluded due to different practice situations in Japan

Table 2 Participant

L PGY 1-5 group PGY >5
characteristics (n=195) (n=66) group
(n=129)
Age in years 27 [26-29] 38 [33-43]
Male sex: no. (%) 53 (76) 122 (89)
Board Certified Surgeon: no. (%) 0(0) 116 (84)
Endoscopic surgical skill qualification system: no. (%) 0(0) 28 (20)
Experience as leading assistant: no. (%) 9(14) 91 (71)
Self-reported prior training in laparoscopic surgery®: no. (%)
Self-learning (text books) 21 (50) 83 (71)
Informal teaching by a surgeon or colleague 34 (81) 101 (86)
Industry-sponsored course or lecture 4 (10) 62 (53)
CME course or lecture 0(0) 53 (45)
Total laparoscopic surgical cases: no. (%)
0-100 51 (77) 16 (12)
101-500 15 (23) 65 (50)
501- 0(0) 48 (37)

Results are presented as median [interquartile range]

PGY post-graduate year

“The results included some overlapping

training in LS are shown in Table 2 (median age, 34; 85%
male).

Assessment
The median score of the entire cohort was 75 ([67; 83] %
range =38-96%), with significantly higher scores in the

PGY > 5 group compared to that in the PGY1-5 group
(79 [75; 83] vs. 67 [58; 75], p<0.01) (Fig. 1A). For all
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participants, the median scores in each domain subsec-
tion are shown in Table 3. Content areas with suboptimal
understanding included “energy sources,” “tissue handling,
exposure, and examination,” and “tissue approximation.” In
PGY <5 group, the participants with more operative experi-
ence had higher scores compared to those with less surgi-
cal experience (<100 cases 67 [58; 71] vs. 101-500 cases
79 [63; 83], p=0.01), although the difference in the rate
of self-reported laparoscopic study was not significant. In
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Fig.1 A Assessment total scores for each group. B Correlation between assessment total scores and experience levels

Table 3 Scores for each participant group (n=195)

Total participants (n=195) PGY 1-5 group (n=66) PGY >5 group (n=129) p value

Total score 75 [67; 83]

Subsection score: no. (%)

Equipment: tools of the trade 100 [67; 100]

Energy sources; electrosurgery, ultrasound, and laser 50 [50; 100]
Patient considerations: patient selection, contraindi- 67 [67; 100]
cations, and preparation

Patient positioning 100 [100; 100]

Establishment and physiology of the pneumoperi- 75 [50; 75]

toneum

Abdominal access and trocar placement 100 [50; 100]

Tissue handling, exposure and examination of the 50 [50; 100]

abdomen and pelvis

Hemorrhage and hemostasis 100 [100;100]

Tissue approximation: indication and techniques 50 [50; 100]
Exiting abdomen: drains, site closure 100 [0; 100]
Postoperative care 100 [0; 100]

67 [58;75] 79 [75; 83] <0.01*
67 [67; 100] 100 [67; 100] <0.01*
50 [50; 100] 50 [50; 100] 0.08
67 [67; 67] 67 [67; 100] 0.03*
100 [100; 100] 100 [100; 100] 0.72
75 [50; 75] 50 [50; 75] 0.18
50 [50; 100] 100 [100; 100] <0.01*
50 [50; 100] 50 [50; 100] <0.01*
100 [100; 100] 100 [100; 100] <0.01*
50 [50; 50] 100 [50; 100] <0.01*
0 [0; 100] 100 [50; 100] <0.01*
100 [0; 100] 100 [100; 100] 0.13

Results are presented as median [interquartile range]
PGY post-graduate year
*Significant difference between the groups

the PGY > 5 group, there was no difference in both overall
scores and scores for each domain regardless of whether the
participants were qualified surgeons or not (79 [76; 83] vs.
79 [75; 83], p=1.00) and endoscopic surgical skill quali-
fied surgeons or not (81 [75; 83] vs. 79 [75; 83], p=0.41).
Beyond 5-year experience, a higher level of experience
did not necessarily correlate with fundamental knowledge

(6-15 years vs. >15 years of experience after graduation
from medical school: 79 [75; 83] vs. 83 [75; 83], p=0.17)
(Fig. 1). There were no differences in any of the scores
across institutions.

Of the study participants, 30% did not know the physi-
ological changes in gas embolism and its management; 63%
were unfamiliar with the features of residual heat of energy
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devices (e.g., monopolar, ultrasonic device, and vessel seal-
ing); 27% did not know how long the postoperative shoul-
der pain secondary to diaphragmatic irritation persisted; and
43% could not prioritize the steps of managing a reduced
laparoscopic view of the operative field. Of the trainees,
50% had poor understanding of the best area for alternate
trocar insertion relative to the midline incision (vs. 90% of
surgeons with PGY > 5). Of the PGY > 5 group, 40% of sur-
geons did not know the ideal suture length for extracorporeal
knot tying. The scores for patient positioning, hemorrhage,
and hemostasis were over 90% in both groups.

Questionnaire

According to the survey questionnaire, 99% (194 of 195)
of the participants strongly agreed or agreed with the need
for basic knowledge and an educational curriculum on LS.
Regardless of training levels, 94% (184 of 195) of the par-
ticipants agreed that surgeons should be assessed for the
basic knowledge of LS until board certification.

Discussion

This study specifies some of the insufficiencies in the fun-
damental knowledge required for safe LS among surgeons
with varying levels of experience in various institutions.
While the trainees had suboptimal knowledge, the experi-
enced surgeons were more knowledgeable, but still had sev-
eral deficiencies in knowledge of particular content areas,
suggesting an educational need that has to be strategically
addressed in Japan. There were also considerable gaps in the
knowledge of physiological changes that occur in pneumo-
peritoneum and gas embolism, the effect of energy devices,
and postoperative care regardless of level of experience.
Most participants agreed that surgeons should acquire and
be assessed for fundamental knowledge to perform safe LS.
The significance of the results demonstrates a universal need
for formal educational interventions regardless of clinical
experience and highlights the pertinence of acquiring fun-
damental knowledge of LS.

This is the first multicenter study to examine the funda-
mental knowledge for safe LS across varying levels of expe-
rience in Japan. Numerous studies, of both cross-sectional as
well as interventional design, focusing on the technical skills
in LS have reported the effectiveness of educational inter-
ventions. Since studies focused on cognitive knowledge are
limited, implementing the FLS program and its examination
widely [14, 15], and collecting the baseline data of cognitive
knowledge can be challenging. Although the results of stud-
ies focused on cognitive knowledge are limited, there were
multi-institutional investigations which showed the baseline
data of cognitive knowledge fundamental to safe LS in North
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America presented similar to our trends [16]. The results of
our study are significant for further promoting educational
interventions such as FLS.

Assessment of the total scores of surgeons with different
levels of experience suggested that clinical experience did
not necessarily correlate with a better knowledge of basic
LS, especially beyond the initial experience of 5 years,
suggesting that the proportion of knowledge acquired
from clinical experience may be limited. Knowledge gaps
were observed in several content areas including “energy
sources,” “tissue handling, exposure, and examination,”
and “tissue approximation.” With regard to energy devices,
there were many surgeons who knew how to actually use
them without knowing the underlying mechanism. This
knowledge gap has been emphasized in previous research
[17]. In this study, we found similar findings to those previ-
ously reported, which highlight the potential risks of adverse
events. Suboptimal knowledge was also found in particular
content areas that were unlikely to be acquired from clini-
cal experience due to infrequently encountered situations
or commonly overlooked changes. The published reports of
complications such as intraoperative hypercapnia and aci-
dosis with pneumoperitoneum and vessel damage associ-
ated with trocar insertion indicated the possibility of causing
complications because of lack of knowledge [3, 4]. These
results emphasize the need to rectify the gaps in knowledge
systematically. A standardized curriculum will be critical for
ensuring a fundamental knowledge base that includes rare
but important complications.

In the questionnaire results, almost all the participants
felt the need for fundamental laparoscopic knowledge and
94% of the participants answered that fundamental lapa-
roscopic knowledge was assessed in the written certifying
examination which is conducted by the Board Committee of
Japan Surgical Society. Currently, the minimum requirement
to be certified for LS is case experience, with at least ten
cases of any endoscopic surgery being required regardless
of knowledge on LS [10]. LS has become a part of routine
surgical practice and its role and importance are growing
with respect to better patient outcomes, decreasing surgical
site infection rates, and educational parts. Thus, acquiring
the required skills and knowledge in the LS procedure is
becoming increasingly important for surgeons. However, the
study results point to a mismatch between the requirements
of the surgeons and the current situation. With the insight
gained from this study, improvements in the existing system
can be made.

There are several limitations of the current study. The
multicenter design, including both academic and community
teaching institutions, and various geographic locations with
a high response rate allowed us to minimize sampling bias
and to increase the generalizability of the results. Nonethe-
less, there was some degree of sampling bias which limits
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generalizing the data. Second, all the participants were either
surgeons or trainees in general surgery, and surgeons from
other specialties including pediatric surgeons, cardiovascular
surgeons, obstetricians, and gynecologists were not included
in this study. Ideally, all surgeons and trainees who perform
or assist in LS should be assessed to ensure patient safety.
If other surgical specialists were assessed, the results may
have differed, because the operation frequency of LS would
be different. Indeed, the spread of LS varies from field to
field; LS is more important in obstetrics, gynecology, pedi-
atric surgery, and general surgery than in cardiovascular
surgery. Nonetheless, LS has become a routine practice for
various surgical specialties. It is thus necessary to discuss
the minimal requirements to perform LS. Although there
are limitations to the generalizability of the findings, we
believe that our results reveal a need for an education cur-
riculum to teach fundamental knowledge contributing to safe
LS. It remains unclear to what degree knowledge is associ-
ated with the clinical risk of adverse events related to LS. It
would, therefore, be ideal to establish a correlation between
the clinical rates of LS-related adverse events and knowledge
of the surgeon.

In conclusion, in the absence of a formal educational cur-
riculum for LS in Japan, several knowledge gaps have been
identified between surgeons and trainees regarding safe LS.
All surgeons and trainees were cognizant of the necessity of
fundamental knowledge of LS. We stress the need for a for-
mal educational curriculum in order to close the knowledge
gaps and ensure safe LS.
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