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ABSTRACT

Background and Objectives: The general surgery resi-
dency at the University of Illinois College of Medicine at
Peoria has a long tradition of integrating robotic surgery
into training since 2002. The purpose of this paper is to
investigate our curriculum and evaluation system, which
was designed to achieve a standardized format for educa-
tion in general robotic surgery.

Methods: The curriculum consists of two phases: phase 1
(PGY 1–2): Complete 4 robotic surgery training modules;
read two assigned robotic surgery articles; and practice
simulation modules on the robot. phase 2 (PGY 3–5):
Refresh training modules, score �90% on the simulator
modules every 6 months; bedside assist minimum of 4
robotic procedures; and act as console surgeon for a
minimum of 10 procedures with 2 separate attending
surgeons. The required simulator modules were specially
selected to incorporate all of the skills categories docu-
mented in the simulator. The faculty evaluate the resi-
dent’s operative performance using the Global Evaluative
Assessment of Robotic Skills validated rubric.

Results: Since the curriculum was instituted in June 2017,
73 evaluations from 8 surgeons have been collected. We
examined data from 6 residents who had at least 5 Global
Evaluative Assessment of Robotic Skills assessments com-
pleted. Correlation coefficient scores showed a positive

correlation ranging from 0.476 to 0.862 for average skills
and 0.334 to 0.866 for overall performance scores.

Discussion: The preliminary results suggest an improve-
ment of resident robotic surgical skills through tailored
education. This curriculum is designed to enhance robotic
general surgery education that could potentially produce
general surgeons able to operate robotically without
needing a robotic/MIS (Minimally Invasive Surgery) fel-
lowship.
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INTRODUCTION

The proliferation of robotic surgeries over the last decade
has necessitated the development of training curricula to
prepare residents for the 21st-century operating room.
This need is perhaps most acutely felt in general surgery
residency programs. While urology and gynecology led
the robotics charge, utilization of the technology by the
general surgery discipline evolved more slowly. However,
general surgery has been the fastest growing user of the
da Vinci Surgical System (Intuitive Surgical, Sunnyvale,
California, USA) every year since 2012. In 2018, for the
first time ever, there were more general surgery robotic
procedures performed in the United States than any other
specialty, representing a 32% increase in volume from
2017.1 While it is vital that academic medical centers keep
pace with this rapidly developing technology, there cur-
rently exists no validated curriculum for robotic surgery
education in general surgery residency programs.

Inconsistent approaches to robotic training across general
surgery residency programs reveal the disparity between
the use of robotic technology and the training for it. One
survey from 2013 revealed that 60% of residents received
no training or education before participating in their first
robotic case.2 A more recent survey of general surgery
residency program administrators showed that 92% of
programs have residents participate in robotic cases, yet
only 67% have instituted a formal robotic training curric-
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ulum. Of those with a curriculum, fewer than half track
their residents’ involvement with robotic cases.3

Of course, simply having a robotic training curriculum is
no guarantee of learner proficiency and competency.
Green, Chern, and O’Sullivan4 examined the robotic sur-
gery curricula of 12 residency programs and found that
participation in robotic procedures is often limited to an
observational role. They warn that surgical trainees may
not receive the necessary skills and knowledge to operate
safely. Most recently, an article was published from Zhao
et al5 confirming our assumptions and reasoning behind
our format. Residents and attending surgeons alike be-
lieved that early robotic exposure is beneficial, should not
be limited to bedside assisting for too long, dual consoles
are greatly helpful, and simulations should be utilized.5

The above concerns and statements compelled our pro-
gram to create a comprehensive and formalized robotic
curriculum for general surgery residents to achieve certi-
fication through the progression of skill acquisition.

MATERIALS AND METHODS

This program was developed using the experience af-
forded the authors’ academic medical center as an early
adopter of robotic technology, which began training sur-
gical residents in 2003 on foregut and colon procedures.6

Over the ensuing years, the program evolved along with
the technology, aided in particular by the acquisition of
the telestrator in 2009 and the dual surgeon’s console in
2012.7 Yet, the need persisted for a more structured train-
ing program that could track participant performance over
time, leading to the establishment of a formal curriculum
in June 2017. Studying the residents’ progress through this
new curriculum has been approved and monitored by an
Institutional Review Board.

The curriculum is divided into two phases based on step-
wise progression. Phase 1 occurs during PGY 1–2 and is
mandatory for all general surgery residents. Phase 2 oc-
curs during the PGY 3–5 years.

Phase 1

1. Read two assigned articles: da Vinci Skills Simulator
for Assessing Learning Curve and Criterion-Based
Training of Robotic Basic Skills8 and Fundamental
Skills of Robotic Surgery: A Multi-Institutional Ran-
domized Controlled Trial for Validation of a Simula-
tion-Based Curriculum.9 The first article, in summary,
showed that robotic skills can be learned fairly quickly
but trainees could not reach the designated “expert”

level of a 90% score on the simulations within 10
attempts. The second article showed that urology par-
ticipants who performed a Fundamentals of Robotic
Surgery (FRS) curriculum were faster, more precise,
had better camera control, better use of the fourth arm,
and lost instruments less often than participants who
did not complete the curriculum. Furthermore, that trial
showed that participants in the controlled arm im-
proved significantly when put through the FRS curric-
ulum and tested again.

2. Complete the da Vinci Xi Online training modules for
Vessel Sealer, Stapler, Single-Site, and assessment for
robotic coordinators.

3. Attend a dry lab with an Intuitive representative. This is
a training session where the group of junior residents
meets with one of the Intuitive representatives in the
operating suite and go over the intricacies of the ro-
botic tower, the console, robotic arms, the history of
the technology, and hands-on practicing with props in
the room.

4. Practice the assigned da Vinci skills simulations: Energy
Dissection level 2, Ring Walk level 3, and Suture
Sponge level 3. These 3 modules were selected be-
cause they best capture the range of technical skills
most fundamental to robotic surgery (Figure 1). Three
simulators (2 in the operating suites on the actual robot
and 1 Robotic Surgery Simulator (RoSS) in our simula-
tion center) are available to our residents around the
clock, allowing for flexibility to train as it best suits their
schedules.

Additionally, residents are encouraged to review da Vinci
clinical videos online. These tutorials teach residents how
to use and operate different components of the robotic
system (such as basic setup, docking, and sterility). There
are also videos that delineate how to approach robotic
operative procedures to give learners exposure before
they are scrubbed in on those particular cases. After com-
pleting phase 1 and with the consent from the Director of
Robotics and the General Surgery Residency Program Di-
rector general surgery residents may elect to proceed to
phase 2, where they gain hands-on clinical experience.

Phase 2

1. Residents first bedside assist on a minimum of four
cases. This can actually be carried over from when the
resident was a PGY-1 or �2. This allows trainees to
learn the patient-side demands of robotic cases, such as
patient positioning, port placement, and docking, in-
strument exchanges, as well as gaining an appreciation
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Figure 1. The various simulations that one can complete and the respective skills each simulation exercises. For the curriculum, Energy
Dissection level 2, Ring Walk level 3, and Suture sponge level 3 were chosen. Thus, all skills were included and evaluated.

3October–December 2019 Volume 23 Issue 4 e2019.00045 JSLS www.SLS.org



for the mechanics and physical restrictions of the ro-
botic arms. The residents should bedside assist with at
least two different faculty surgeons. Doing so will pro-
vide the trainees with feedback and constructive criti-
cism from distinct perspectives.

2. Before being allowed to perform their first case, resi-
dents must retake the same 3 da Vinci Skills Simulator
exercises that they did in phase 1 with a minimum
score of 90. They must also complete these exercises
every 6 months and show documented proof of their
scores to the faculty surgeon. This provision helps
counter skill decay as residents go through rotations
where they may not have had the opportunity to use
robotic technology.10,11 Since da Vinci Skills Simulator
performance has been shown to be positively associ-
ated with intra-operative robotic performance, this re-
fresher training is vital to maintaining skills and pro-
tecting patient safety.12

3. Residents operate from the surgeon’s console for at
least 10 procedures under the supervision of at least 2
different attending surgeons. Residents begin their con-
sole training in a limited role by performing the sim-
plest operative tasks, increasing the level of complexity
and involvement over time as abilities develop.

For every resident-led robotic operation, an attending
surgeon will evaluate the performance using the Global
Evaluative Assessment of Robotic Skills (GEARS) rubric
(Figure 2). The GEARS assessment is available for faculty
members to complete electronically, including on their
mobile devices. The results of previous GEARS scores are
available to all of the Faculty surgeons, so they are able to
personalize their areas of critique during the operation.
Nearing the end of residency, the participant’s information
is gathered and can be used for a Certificate of Completion
showing their progress throughout residency. Only those
residents who finish phase 2 will be eligible for a Certifi-
cate of Completion upon graduation.

RESULTS

Since instituting this new curriculum in 2017, 18 residents
have progressed to phase 2 and 1 Certificate of Comple-
tion has been awarded. More residents were eligible for
this certificate, but only one has utilized it to get acceler-
ated robotic privileges at their hospital thus far. Alto-
gether, faculty surgeons have completed 101 GEARS as-
sessments. For the purposes of this study, only the
trainees who have 5 or more GEARS assessments com-
pleted to date are considered. There are 6 residents who
fit these criteria for a total of 73 cases.

Overall, the results indicate an improvement of the resi-
dents’ robotic abilities over time. When examining the
average rating of the 7 skill categories measured by
GEARS, there is a positive correlation between perfor-
mance and experience for all residents (Figure 3). The
overall performance score exhibits a positive association
with the number of procedures performed (Figure 4).
Table 1 lists the correlation coefficients for each of these
measures.

Residents 2–6 show a strong positive linear relationship
on the average of their robotic skills assessments (�0.7).
Resident 1 showed a weaker correlation (0.476). How-
ever, by examining their assessments on procedures 1–10
and 10–19 separately, the standard deviation decreased
from 0.660 to 0.215, which demonstrates increased con-
sistency with training. While GEARS uses a 1–5-point scale
to rate robotic skills, the overall performance measure is
measured on a scale of 1–3. Three residents showed a
strong correlation between their overall performance and
number of procedures and 3 showed a low correlation.
While all correlation coefficients are positive and some
show a strong linear relationship, given the small sample
size of this study more data is needed to conclude that
the residents’ performance improvement is the result of
the curriculum.

The skill that saw the largest improvement over time was
depth perception, with an average increase of 2 points
from the residents’ first attempt to their last one. Their
worst performance overall was in using the third arm,
most likely due to it not being utilized for every procedure
(use of the third arm occurred in 70% of cases).

DISCUSSION

Robotic surgery has quickly become a mainstay of US oper-
ating rooms and its application to general surgery appears to
only be expanding. Academic institutions have the respon-
sibility to establish a curriculum to educate upcoming resi-
dents to meet these dynamic surgical needs. A mixed-
method curriculum using didactic lessons, simulation
training, hands-on practice, and mentorship, designed as a
stepwise progression with clear benchmarks, provides the
training necessary to prepare residents to become robotic
surgeons. Our hope is not that this will become a nationally
standardized curriculum, but that programs that do not have
an established curriculum can either adopt this curriculum or
use it as a guide to create their own.

Residents face many demands during training and hour
restrictions frequently can be an issue. The Accreditation
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Figure 2. Global Evaluative Assessment of Robotic Skills validated rubric, created in 2012 by Aghazadeh et al.12
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Council for Graduate Medical Education (ACGME) duty
hour restrictions underscore the need to maximize resi-
dent working hours by providing a quality learning envi-
ronment that cultivates and optimizes their clinical abili-
ties. Fortunately, it has been demonstrated that training

general surgery residents in robotics does not amount to
extra time in the operating room compared to standard
laparoscopic procedures.13 In one program, 92% of gen-
eral surgery residents reported that their robotics curricu-
lum did not unduly stress their time or distract them from

Figure 3. Graph showing improvement of residents’ average skills rating over the time span of cases completed during phase 2.

Figure 4. Graph showing improvement in the residents’ Global Evaluative Assessment of Robotic Skills overall performance score over
the time span of the cases completed in phase 2.
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other duties.14 Moreover, most general surgery residents
want to receive formal robotics training.2

Having a methodical, stepwise robotics curriculum is a
responsible and efficient method of incorporating this
critical training into residents’ busy schedules. Residents
who are not planning on pursuing robotic surgery careers
are not required to proceed to phase 2 of the curriculum.
However, exposing them to the fundamentals of robotic
surgery during phase 1 helps ensure patient safety while
observing robotic cases. Additionally, as robotic surgery
becomes more ubiquitous and its clinical applications
expand, the residents will carry with them a basic under-
standing of robotic equipment and skills.

One goal of this curriculum is for the Certificate of Comple-
tion, awarded to residents who complete the training, to be
considered for hospital credentialing. Currently, as there is
no national certification authority, requirements vary widely
across hospitals for surgeons to gain robotic surgery privi-
leges. Using the GEARS assessment to demonstrate crucial
skill acquisition over time offers evidence of performance
improvement using a validated assessment tool. This feature
of the curriculum could be most meaningful to credentialing
boards when granting robotic privileges. As most general
surgery programs do not believe a fellowship in robotic
surgery is necessary to gain the knowledge and skills to
practice independently, providing residents with a standard-
ized robotic training program that tracks progress is reason-
able.15 Since there is no single operation that encompasses
all the skills necessary to perform robotic general surgeries,
Certificates of Completion are awarded at the discretion of
faculty leaders. The Program Director, the Chair of Depart-
ment of Surgery, and the Chair of Robotic General Surgery,
all of whom reside at two large academic medical centers,
assess demonstrated competency on the various procedures
residents perform throughout their residency.

There are several limitations to this study. Since the curricu-
lum was established in the summer of 2017, the sample size
is limited. While the initial findings are promising, a larger
data set is needed to substantiate these preliminary results.
Currently this program does not record the resident’s degree
of participation at the console, just that �50% constitutes
being “resident led.” This metric might be useful in deter-
mining rate of skill acquisition and can easily be added to the
GEARS assessment. Further, this project did not look at
operative times and complication rates in procedures over
the span of an individual resident’s training. Another limita-
tion is that this robotic curriculum does not presently evalu-
ate nontechnical skills (NTSs) such as communication,
situational awareness, teamwork, leadership, and risk man-
agement. The high rate of adverse events caused by actions
outside of the surgeon’s console is becoming better under-
stood.16–18 Integrating NTS assessment into the curriculum
could help prepare the next generation of surgeons to con-
front the unique challenges of the robotic operating theatre.
We initially incorporated the National Aeronautics and Space
Administration Task Load Index to capture NTS metrics but
due to low compliance, we were not able to show any
correlating data. Perhaps better compliance rates could be
achieved by adding relevant NTS categories onto the GEARS
survey.

In terms of scalability, while our residents only use the da
Vinci surgical system, the curriculum could be adjusted to
include other surgical technologies provided that a simu-
lation-based training module is available. The structured
education methodology of this curriculum is the platform
that produces the reproducible results rather than the
brand of robotic system used through deliberate practice
and just-in-time feedback.

For institutions that have limited resources, being able to
purchase simulators and/or a dual console for enhanced
proctoring can present a challenge. Our own experience has
shown that this technology is not required to teach robotic
surgery but it does greatly facilitate skill acquisition, real-time
feedback, and learner participation in procedures. It can be
understandably difficult for an attending surgeon to hand
over the robotic console until he or she gains a certain level
of trust with a particular resident. For institutions without a
dual console system, having residents demonstrate their
skills on a simulator can help attending surgeons feel more
comfortable letting the learner take control of the console for
portions of a procedure. Another option for limited resource
residency programs is to partner with larger academic hos-
pitals that share a collaborative patient base to enhance
training in the region. We currently offer on-site and in situ
robotic training programs for our region.

Table 1.
Correlation Coefficients for Average Skills Score and Overall

Performance Scores

Resident Number of
Gears
Assessments

Average Skills
Correlation
Coefficient

Overall Performance
Correlation
Coefficient

1 19 0.476 0.334

2 19 0.849 0.866

3 12 0.813 0.759

4 10 0.719 0.696

5 7 0.806 0.474

6 6 0.862 0.488
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CONCLUSION

The need for robotic training in general surgery residency
programs has grown in tandem with technological inno-
vation. An effective curriculum will incorporate didactic
elements, simulation training and practice, and expert
mentorship in a systematic and stepwise process. Evalu-
ating the residents’ robotic skills in the operating room
environment using this curriculum will not only track their
caseload but also their progress. This provides a bench-
mark for faculty members to certify residents as capable of
performing robot-assisted surgery safely and indepen-
dently. This curriculum could be adopted or modified by
programs across the country that are looking for a guide,
and we encourage other programs to make adjustments as
they feel necessary to further the progress of robotic
surgery education nationwide.

We would like to thank our surgeons who help train residents in
robotic operations: Dr. Richard Anderson, MD; Dr. J. Stephen
Marshall, MD; Dr. Chadrick Evans, MD; Dr. Robin Alley, MD; Dr.
Justin Fischer, MD; and Dr. Steven Tsoraides, MD. We also want
to thank Professor Yolanda Rush for providing feedback on
statistical methodology.
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