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Abstract
Background—Despite widespread use of electrosurgical instruments, there are no widely
accepted tasks for training and evaluation of technical skills. The purpose of this study is to
propose a set of tasks and report experts' evaluations of the proposed tasks for validity, technical
skills vs. knowledge requirements, and utility for future privileging curriculum.

Methods—A set of seven hands-on tasks involving electrical energy were identified based on the
Fundamental Use of Surgical Energy (FUSE) curriculum of the Society of American
Gastrointestinal and Endoscopic Surgeons (SAGES). A web-based survey was developed based
on the seven identified tasks. Seven questions were asked for each task. These questions rated
candidate tasks on their suitability for validation studies, the role of manual skills, and the
appropriateness of including the task in privileging curricula. Members of the FUSE committee
were sent the web-based survey and responses were recorded.

Results—Sixteen (16) of the twenty-two (27) members of the FUSE committee responded to the
survey. 775 Likert-style responses were recorded and quantified to a 1-5 range. Overall, responses
within task-question pairs had a mean standard deviation of 0.83, suggesting general agreement.
Tasks requiring bi-manual dexterity scored higher than single-handed tasks on a combined, four-
question Likert-scale index for task validation (P<0.0001), and a two-question index for manual
skills (P<0.0001).

Conclusions—Survey responses indicated general agreement that the identified tasks represent
important technical skills and are consistent with actions in the OR. Bimanual tasks were favored
for validation purposes over single-handed tasks. The Traction and Monopolar Dissection and
Monopolar Coaptation tasks had the highest agreement with validation-oriented questions (97%
and 87%, respectively).
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Introduction
Radio-frequency electrosurgery is used in the majority of cases across surgical specialties.
Despite broad use, there is no formal training on the theory and safe use of surgical energy
[1]. Although total injury rates can be difficult to quantify, reviews have estimated between
one and two out of every thousand cases that use monopolar instruments result in energy-
associated injury to the patient [2] and that approximately half of the inadvertent injuries
during laparoscopic surgery were due to electrosurgery [3]. To address the gap in
knowledge, the Fundamental Use of Surgical Energy (FUSE) committee was formed within
the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) in 2010. The
outcomes of this FUSE committee are a comprehensive manual [4] and a high stakes
examination that is scheduled to be rolled out in the near future.

While the acquisition and testing of domain knowledge has been addressed by the FUSE
committee, no hands-on training component currently exists for FUSE. Based on the success
of the Fundamentals of Laparoscopic Skills (FLS) program [5] in assessing both cognitive
and psychomotor skills relevant to laparoscopic surgery, it may be inferred that developing a
skills simulator is the next logical step. This conclusion may also be drawn from the recently
launched Fundamentals of Endoscopy (FES) program [6] of SAGES that has adopted the
virtual reality-based simulator LapMentor II from Simbionix (Cleveland, OH) for training.
In contrast to the skills targeted by FLS and FES, those required for safe use of surgical
energy have not been identified by and established within the surgical community [1].

The FLS skills tasks were developed iteratively, beginning primarily with the McGill
Inanimate System for Training and Evaluation of Laparoscopic Skills (MISTELS) program
[7]. Some of the proposed MISTELS tasks, such as “mesh placement,” were subsequently
removed due to poor validation results [8]. Despite these changes, the majority of MISTELS
tasks are remarkably well conserved in the current incarnation of FLS.

In comparison, few such hands-on skills tasks have been proposed for the use of surgical
energy. This may be due to the combination of technical skill, cognitive knowledge and
decision making required for safe energy use in the OR. Energy devices are inherently
modal, and depending on the current settings (e.g., power, waveform, etc.), the tissue effects
will differ and the specifics of use change. This suggests that hand motions appropriate in
one mode may cause undesirable damage, or insufficient effect, for instruments in another
mode. Such modal settings can complicate learning due to increased cognitive load [9].

In this study, we sought expert guidance to identify the fundamental tasks that could be used
in a hands-on simulator focused on the skills required for electrosurgery. Our approach
attempts to follow the success of FLS, where, early in the development of the MISTELS, the
SAGES FLS committee was surveyed to gauge coverage and omissions of the proposed
tasks [10].

To date, there have been few proposed simulation tasks for electrosurgery. One early work
focused on cholecystectomy and proposed an electrosurgical task requiring the peeling of a
tangerine fruit using forceps and electrosurgical tool [11]. The LAP Mentor™ virtual reality
simulator includes an “electrocautery” task using hook and forceps to dissect simulated
tissue [12].

Building on these previously proposed tasks, we have identified seven candidate tasks for
training and evaluating electrosurgery skills. To gather expert feedback on these tasks, we
developed a survey and distributed it to the FUSE committee.
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Materials and Methods
We developed a computerized survey concerning surgical tasks that make use of energy.
This survey was sent electronically to the FUSE committee of the SAGES using a web-
based service provided by SurveyMonkey Inc. (Palo Alto, CA). The FUSE committee is
composed of twentyseven expert surgeons, technologists and medical educators responsible
for the development of a curriculum for teaching and evaluating knowledge required for the
use of surgical energy-based devices in the operating room.

Seven tasks were proposed as candidates for hands-on skill training and evaluation.
Following the precedent of the FUSE manual, the proposed tasks are rooted in the clinical
effects resulting from applied electrical energy. The skills required to achieve particular
clinical effects are specific to the class of instrument used. Thus electrosurgery requires a
more specific and context-based approach to skills training compared to the more abstract
manual-skills focus of FLS.

For each task, the survey asked the seven questions (Q1-7) shown in Table 1. The questions
were designed to determine the ability of each task to serve as a measurement tool. The
Likert-style questions targeted the utility of each candidate task for possible methods of
validation. Questions 2, 3, 5 and 6 correspond to the common forms of validity assessment
used in the behavioral sciences: face, content, construct, concurrent and predictive [13,14].
Questions 1 and 4 provide a measure of the extent that motor skills are required by the task.
Question 7 asks the suitability of the task for privileging or certifying curriculum. Each
question was in the form of a statement, which respondents indicated their degree of
agreement with “Strongly Disagree” (1), “Disagree” (2), “Neutral” (3), “Agree” (4) and
“Strongly Agree” (5). Taken together, these survey questions provide a method for
established experts in surgical energy to assist simulation designers in choosing a set of
tasks that, once fully developed, will hopefully serve as a valid measurement tool for
electrosurgical skills.

The responses (73% response rate, N=16) provided expert opinions on the seven hands-on
skills tasks. Out of the total 784 possible responses (seven questions covering seven tasks
with 16 respondents), respondents omitted nine responses. While the illustrations, shown in
Figure 1, accompanied each task description, the respondents were instructed that “the
provided images are illustrative only; answer each question according to the textual task
description.” For aggregate and numerical analysis, responses to Q6 were subtracted from
six, so that a high score indicated a task likely to be able to be validated, aligning Q6's
numeric scores with the other questions.

Responses were solicited and collected electronically, and participants remained
anonymous. The institutional review board (IRB) of Rensselaer Polytechnic Institute (RPI)
exempted the survey from human study guidelines prior to distribution.

Results
Figure 2 through Figure 8 show the response distributions and their numeric means.
Respondents rated all of the tasks as indicative of important technical skills (Q5) and the
most common response for all tasks was “agree.” Traction and Monopolar Dissection (T5)
was rated as slightly more indicative (mean=4.4) and with all respondents either agreeing or
strongly agreeing. The inspection task (T7) was least technically indicative, with only 86%
of respondents indicating agreement or strong agreement (two respondents left the question
unanswered).

Allen et al. Page 3

Surg Endosc. Author manuscript; available in PMC 2015 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Questions Q1 and Q4 distinguish the roles of abstract knowledge and manual skills across
the tasks by questioning the need for repeated practice and skill beyond “knowledge alone.”
In both questions, agreement implies a need for manual skill training in addition to didactic
instruction. Combining the results of these two questions suggests that some manual skill is
required for all of the proposed tasks, with only 11% (31 of 287, one omission) of responses
across all tasks indicating disagreement or strong disagreement.

The tasks with highest levels of agreement for requiring manual skills (Q1 & Q4) were
Monopolar Coaptation (T6) and Traction and Monopolar Dissection (T5), with arithmetic
means of 4.0 and 4.5, respectively, and 91% and 100% of respondents indicating agreement
or strong agreement. In addition, 88% of respondents agreed or strongly agreed with the
requiring of manual skill for the final bimanual task (T4). Respondents agreed that the
bimanual tasks (T4,T5,T6) required manual skill significantly more often than tasks
(T1,T2,T3) that could be accomplished with a single hand (P<0.001, Z=-4.28, Mann-
Whitney test, one-tailed).

Showing construct validity is a key initial step for any assessment tool. Responses to
question 6, “Expert and novice surgeons are likely to perform similarly on this task,”
tabulated in Figure 7 suggest that any of the surveyed tasks would provide a basis for
proving the construct validity of a simulator, with 80% disagreeing or strongly disagreeing.
Tasks T4 and T5 were slightly more strongly indicated, with means of 4.3 and 4.2,
respectively.

Question Q7 asked the respondents' agreement that the task should be included in a
privileging or certifying curriculum. Overall, 61% of responses across all tasks indicated
agreement, with T5 and T3 most favored with means of 3.9 and 3.7, respectively. However,
strong disagreement to including tasks T4 and T7 was recorded, representing 12% and 6%
of the responses for those tasks respectively.

Combining the scores for the four validation-oriented questions (V = (Q2+Q3+Q5+Q6)/4)
suggests that task T5, Traction and Monopolar Dissection, was expected to be the most
readily validated (V=4.4) followed by T4 and T6, with V=3.99 and V=3.96 respectively.
The task suggested least easily validated is T2, with V=3.76 and 13% of respondents
indicating strong disagreement across all four validation questions.

Comparing scores of the combined validation-oriented questions for one-handed tasks
(T1,T2,T3) and bimanual tasks (T4,T5,T6), shows bimanual tasks were expected to be
significantly more likely to be validated (P < 0.001, Z=-4.31, Mann-Whitney test, one-tail).

Discussion
Whether simulation can provide useful training and assessment for the complex knowledge
and manual skills involved in surgical uses of energy has yet to be shown. This survey
represents a first step in identifying such a fundamental set of tasks. The identification of
candidate tasks and the expert judgment of these tasks on a range of assessment-related
criteria provides initial guidance to those developing new approaches to teaching and
assessing the use of energy in surgery. The challenges lie in developing the assessment
metrics and well as valid pass/fail scores, analogous to the process developed for FLS.

In this study we have focused on hands-on tasks. Learning electrosurgical skills is a complex
process that also requires knowledge of tool settings and the injuries that can result from
incorrect use of such settings [15]. These cognitive skills can be incorporated within the
tasks proposed here. The next step is the development of specific, hands-on cognitive
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components and establishing their validity within a simulation (VR or physical)
environment.

Acknowledgments
Funding provided by NIH/NIBIB grants #1R01EB014305-01A1, #1R01EB010037-01, #1R01EB009362-01A2 and
#2R01EB005807-05A1.

References
1. Feldman, Liane S.; Fuchshuber, Pascal; Jones, Daniel B.; Mischna, Jessica; Schwaitzberg, Steven D.

Surgeons don't know what they don't know about the safe use of energy in surgery. Surg Endosc.
2012; 26:2735–2739. [PubMed: 22538677]

2. Nduka, Charles C.; Super, Paul A.; Monson, JR.; Darzi, Ara W. Cause and prevention of
electrosurgical injuries in laparoscopy. J Am Coll Surg. 1994; 179:161. [PubMed: 8044385]

3. Hulka, Jaroslav; Peterson, Herbert B.; Phillips, Jordan M.; Surrey, Mark W. Operative laparoscopy:
American association of gynecologic laparoscopists' 1993 membership survey. J Am Assoc
Gynecol Laparosc. 1995; 2:133–136. [PubMed: 9050545]

4. Feldman, Liane; Fuchshuber, Pascal; Jones, Daniel B. The SAGES Manual on the Fundamental Use
of Surgical Energy (FUSE). Springer; 2012.

5. Peters, Jeffrey H., MD; Fried, Gerald M., MD; Swanstrom, Lee L., MD; Soper, Nathaniel J., MD;
Sillin, Lelan F., MD; Schirmer, Bruce, MD; Hoffman, Kaaren, PhD. the SAGES FLS Committee.
Development and validation of a comprehensive program of education and assessment of the basic
fundamentals of laparoscopic surgery. Surgery. 2004; 135:21–27. [PubMed: 14694297]

6. [accessed July 1, 2013] The SAGES Fundamentals of Endoscopic Surgery (FES) program. website,
http://www.fesprogram.org/

7. Fried GM, Derossis AM, Bothwell J, Sigman HH. Comparison of laparoscopic performance in vivo
with performance measured in a laparoscopic simulator. Surg Endosc. 1999; 13:1077–1081.
[PubMed: 10556441]

8. Fried, Gerald M., MD; Feldman, Liane S., MD; Vassiliou, Melina C., MD; Fraser, Shannon A.,
MD; Stanbridge, Donna, RN; Ghitulescu, Gabriela, MD; Andrew, Christopher G. Proving the Value
of Simulation in Laparoscopic Surgery. Ann Surg. 2004; 240(3):518–528. [PubMed: 15319723]

9. Sweller J, Chandler P, Tierney P, Cooper G. Cognitive Load as a Factor in the Structuring of
Technical Material. J Exp Psychol Gen. 1990; 119:176–192.

10. Derossis, Anna M.; Fried, Gerald M.; Abrahamowicz, Michal; Sigman, Harvey H.; Barkun, Jeffrey
S.; Meakins, Jonathan L. Development of a Model for Training and Evaluation of Laparoscopic
Skills. Am J Surg. 1998; 175:482–487. [PubMed: 9645777]

11. Sackier J, Berci G, Paz-Partlow M. A new training device for laparoscopic cholecystectomy. Surg
Endosc. 1991; 5:158–159. [PubMed: 1837191]

12. Aggarwal R, Crochet P, Dias A, Misra A, Ziprin P, Darzi A. Development of a virtual reality
training curriculum for laparoscopic cholecystectomy. Br J Surg. 2009; 96:1086–93. [PubMed:
19672934]

13. Nelson AA. Research design: measurement, reliability, and validity. American Journal of Health-
System Pharmacy. 1980; 37:851–857.

14. Stangor, Charles. Research methods for the behavioral sciences. Wadsworth Publishing Company;
2010.

15. Tucker R. Laparoscopic electrosurgical injuries: survey results and their implications. Surg
Laparosc Endosc. 1995; 5(4):311–7. [PubMed: 7551285]

Allen et al. Page 5

Surg Endosc. Author manuscript; available in PMC 2015 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.fesprogram.org/


Figure 1.
The proposed set of seven tasks considered as candidates in the survey.
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Figure 2.
Responses to each task for question Q1: “This task requires significant and repeated manual
practice to achieve mastery.”
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Figure 3.
Responses to each task for question Q2: “This task represents, or acts as a surrogate for,
tasks performed in the OR.”
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Figure 4.
Responses to each task for question Q3: “Skilled performance on this task is a necessary
component of safe and effective use of electrosurgery in the OR.”
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Figure 5.
Responses to each task for question Q4: “Knowledge alone is insufficient to master this
task.”
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Figure 6.
Responses to each task for question Q5: “This task is indicative of important technical skills
for using electrosurgery in the OR.”
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Figure 7.
Responses to each task for question Q6: “Expert and novice surgeons are likely to perform
similarly on this task.”
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Figure 8.
Responses to each task for question Q7: “This task should be included in a privileging or
certifying curriculum for manuals skills of electrosurgery.”
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Table 1

Questions accompanying each of the candidate tasks. The second column indicates the question's category of
focus (M: Motor skills; Ct: Content validity; Pe: Predictive validity; F: Face validity; Cs: Construct validity;
Pi: Privileging).

Q1. M This task requires significant and repeated manual practice to achieve mastery.

Q2. Ct This task represents, or acts as a surrogate for, tasks performed in the OR.

Q3. Pe Skilled performance on this task is a necessary component of safe and effective use of electrosurgery in the OR.

Q4. M Knowledge alone is insufficient to master this task.

Q5. F This task is indicative of important technical skills for using electrosurgery in the OR.

Q6. Cs Expert and novice surgeons are likely to perform similarly on this task.

Q7. Pi This task should be included in a privileging or certifying curriculum for manuals skills of electrosurgery.
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