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Abstract

Purpose of Review There has been a rapid and widespread
adoption of the robotic surgical system with a lag in the de-
velopment of a comprehensive training and credentialing
framework. A literature search on robotic surgical training
techniques and benchmarks was conducted to provide an
evidence-based road map for the development of a robotic
surgical skills for the novice robotic surgeon.

Recent Findings A structured training curriculum is sug-
gested incorporating evidence-based training techniques and
benchmarks for progress. This usually involves sequential
progression from observation, case assisting, acquisition of
basic robotic skills in the dry and wet lab setting along with
achievement of individual and team-based non-technical
skills, modular console training under supervision, and finally
independent practice.
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Introduction

Robotic surgery has exponentially increased over the last de-
cade. In 2015, there were more than 650,000 procedures per-
formed all over the world [1]. In Europe, most robotic proce-
dures were in urology, whereas in the USA, gynecology and
general surgery led the field [1]. Specialties such as ENT [2]
and thoracic surgery [3] are growth areas. The rapid adoption
and dissemination of this technology have largely been as a
result of the perceived benefits of improved ergonomics, dex-
terity, safety, and ease of surgery. Following the initial descrip-
tion by pioneers in this field, many established open and lap-
aroscopic surgeons undertook robotic surgery without follow-
ing a standardized, validated robotic curriculum [4]. The need
for formal assessment of competency to ensure safe and
sustained growth has led various groups to propose
competency-based training programs in robotic surgery.

The robotic surgical platform represents a technological
change, moving away from open surgery. Although viewed
as an evolution of laparoscopic surgery, the skills required for
novice robotic surgeons are for console control and maneu-
vers without haptic feedback, rather than those required for
two-dimensional surgery using instruments within a restricted
range of movement (as with laparoscopic surgery). A struc-
tured curriculum, which encompasses the acquisition of basic
robotic skills as well as more complex maneuvers, allows the
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development of these skills in a safe and stepwise manner over
a relatively short learning curve, [57, 6°, 7].

Basic robotic surgical training can be divided into patient
side training and console training. Patient side training incor-
porates patient positioning, establishing pneumoperitoneum,
procedure specific port placement, robot docking and basic
laparoscopic skills while console training encompasses dry
and wet lab simulation and supervised operating. The develop-
ment of non-technical skills to function in this multidisciplinary
complex environment is an integral part of training and should
occur in parallel with the development of technical skills.

This commentary sets out an evidence-based road map
highlighting essential elements to be included within a curric-
ulum for basic and advanced robotic training.

Patient Side Training

Like any surgical procedure, development of robotic skills fol-
lows a progression of observing, assisting, performing under
supervision, and finally independent practice. Patient side train-
ing has a two-pronged benefit. It not only exposes the trainee to
the steps of the operative procedure (what to do when on the
console), but also necessitates the development of skills unique
to the assistant (troubleshooting at the patient side to make the
procedure run smoothly). The assistant develops an under-
standing of the ergonomics and restriction of access created
by the robotic arms. No metrics such as number of procedure
or duration of patient side assistance are available. It is plausible
that patient side skills are acquired relatively quickly, and that
establishing a sign off of competency would enable progression
to console in a relatively short duration.

Patient Positioning and Port Placement

Patient positioning and port placement play a key role in the
ergonomics of the procedure. Proper patient positioning not
only ensures that each member of the surgical team (patient
side assistant, scrub nurse, anesthetist) gets adequate access to
the patient, but also maintains an optimal spatial configuration
between the patient cart of the robot and the target organ in
question. Similarly correct port placement enables access to
target organs, allowing for the required triangulation, without
any extracorporeal or intracorporeal instrument clashes.
Simulation of this can be learnt in sham operating theaters
placing ports into mannequins and testing for access and in-
strument clash and emergency undocking procedures.

Achieving Basic Laparoscopic Skills
Basic laparoscopic skills required for a robotic surgeon in-

clude laparoscopic access and creation of pneumoperitoneum,
take down of adhesions that prevent port insertion, application
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of clips, suction and retraction. These basic skills can be ac-
quired in a dry lab and fine-tuned during bedside training.

The acquisition of basic laparoscopic skills has its own
learning curve, but has been shown to ease the development
of robotic skills on the console. Angell et al. [8] demonstrated
this in a cohort of medical students in a dry lab setting. The
task involved incising a spiral structure. The study showed
that in a laparoscopic and robotic naive cohort, intensive train-
ing in basic laparoscopic skills reduced the time taken to per-
form the task robotically as well as reduced the number of
errors. A similar study by Kilic et al. [9] showed that laparo-
scopic proficient gynecology residents performed robotic knot
tying significantly better than laparoscopic naive residents.

A potential explanation for this benefit of basic laparoscopic
skills is the development of a robust and safe method of instru-
ment position and use. As laparoscopic instruments do not al-
low much freedom, there are limited ways of achieving a set
task (say needle positioning). The procedural skills so devel-
oped tend to be the most ergonomic and safe way of performing
the task. The increased maneuverability of the robotic platform
in a sense allows development of many ways of achieving a
task in a dry lab. All methods may not necessarily be the most
ergonomic, and the skills developed in this setting may not be
generalizable during a difficult operation. Hence, developing
the correct basic laparoscopic skills provides a cognitive im-
print that helps develop the correct robotic skills on the console,
which can bail the surgeon out in difficult robotic cases.

Development of basic laparoscopic skills also improves
spatial awareness (of organs as well as instruments), the ability
to delicately handle tissues and the ability to safely maneuver
and operate in three-dimensional space [10].

In addition to skill acquisition, development of these assis-
tant skills (technical as well as non-technical) can serve as an
early indicator of the future learning curve [11].

Console Training

The current robotic system is a master slave system and the
console is the interface controlling mechanical movement [12].
Similar to any advanced technological training, knowledge and
working of the console is of paramount importance. Online mod-
ules are available that introduce the basic concepts of the cur-
rently available system (https:/www.davincisurgerycommunity.
com/Training?tab1=TR). Certification in these online modules is
essential prior to embarking on any console training. Most
modules such as describe each component of the system and
also provide information on troubleshooting. Proficiency in
these basic console skills (such as camera, pedal, finger
control) can be achieved in a relatively straightforward manner
in a dry lab or virtual reality (VR) simulated environment.
Individual and team reaction to system errors can be simulated,
repeated and assessed.
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Advanced console skills (such as excision, suturing and use
of diathermy) need to be developed in a mentored simulation
environment, either undertaken in a VR simulator, dry lab or a
wet lab (live animal/cadaveric animal or human models). With
the evolution of competency-based training and a focus on
patient safety in modern surgical practice, simulation provides
not only a platform for initial skill development, but also skill
assessment.

Virtual Reality Simulators
TBypes of Simulators, Features and Validation

VR simulation is increasingly used in medical training and is
considered a first and essential step in robotic surgical train-
ing. An advantage of VR systems software is the assessment
and measurement of progress. Simulated exercises start from
basic console control and increase in difficulty to complex
tasks. There are five VR simulators currently available for
robotic training. These include the Robotic Surgical
Simulator (RoSS™; Simulated Surgical Systems, Buffalo,
NY); dV-Trainer™ (Mimic Technologies, Inc., Seattle, WA);
SEP Robot™ (SimSurgery™, Norway); the da Vinci Skills
Simulator (Intuitive Surgical, Sunnyvale, CA) and more re-
cently the Robotix mentor™ (3D systems, formerly
Symbionix, Israel). All these simulators have been evaluated
to have face validity (looks like what it simulates), content
validity (accurately simulates the test condition) and construct
validity (can differentiate between novice and expert except
RoSS™) [13, 14, 15-22].

In addition to simulation of basic skills, most simulators now
have procedure specific components, for example Hands-On
Surgical Training or HOST™ in the RoSS™ [13] and Maestro
AR in the dV-Trainer™ (http://www.mimicsimulation.com/
products/maestro-ar/). These enable the trainee to register
procedure specific movements required using tailored videos.
The trainee sits at the console grasping the pincer grip and
watches a video of the procedure (e.g., robotic prostatectomy)
being performed, while the console arms move in accordance
with the operating surgeon. Once the movements are registered,
the trainee can mimic the movements of the surgeon and perform
the procedure in real time. The movement of the trainee can be
tracked and evaluated by the on board software. Chowriappa
et al. [23] evaluated the role of the HOST™ skills training for
robotic urethrovesical anastomosis in a randomized controlled
trial. They found that participants who underwent the HOST™
skills training had better scores in the domains of needle driving
(3.0 vs 2.3; P=0.042), needle positioning (3.0 vs 2.4; P =0.033)
and suture placement (3.4 vs 2.6; P = 0.014). The HOST™
group obtained significantly higher scores (14.4 vs 11.9; P 0.
012) on the GEARS score (Global evaluative assessment of
robotic skills). They also found lower temporal demand and
effort in the HoST group For 70% of participants, HoST the

training experience was similar to a real surgical procedure and
75% of trainees responded that this training could improve
confidence in performing a real procedure [23].

The latest generation dV-Trainer™ (http://www.
mimicsimulation.com/products/xperience/) and Robotix
mentor™ have a laparoscopic assistant component in
parallel with the virtual reality console. These allow the
console surgeon to develop advanced console procedural
skills while the assistant develops their bedside skills,
fostering greater teamwork. Team-based management of haz-
ard scenarios and troubleshooting skills can be developed and
assessed using these platforms.

VR Simulation to Improve Console Performance

Validation aside, it is important to see if use of the VR simu-
lator actually improve performance on the console. Lerner
et al. [24] showed that training with the dV-Trainer™ substan-
tially improved performance in Pattern Cutting and Peg Board
times (P = 0.04 and P = 0.006, respectively) on the dVSS (dry
lab) when compared with training on the dVSS alone. The
cohort consisted of two groups of residents, one that
underwent training on the dV-Trainer™, and the other that
trained on the dVSS using routine dry lab training. Hung
et al. showed that training on VR simulators significantly im-
proved performance on tissue exercises in trainees with low
baseline robotic skills in a randomized controlled trial.
However, this improvement was not significant in trainees
with high baseline robotic skills, indicating the need for tai-
loring the curriculum to each trainee. Tergas et al. similarly
demonstrated a significant improvement in “time to comple-
tion” and “economy of motion” for novices after training on
the Da Vinci Skills Simulator.

Despite perceived advantages of robotic simulation train-
ing, little data exists on its predictive validity (transfer of skills
into the Operating Room). Hung et al. [25] in a different study
explored the concept of cross-method validation. They dem-
onstrated that performance on box trainers correlated with
performance on VR simulators, which in turn strongly corre-
lated with in vivo tissue performance in wet labs. The next
step of correlation between proficiency in the labs with per-
formance in the operating rooms needs to be established. The
next step of correlation between proficiency in the labs with
performance in the operating rooms needs to be established.

Another important aspect of VR simulation-based training
is its role in the maintenance/retention of acquired robotic
skills. Lendvay et al. [26] showed that a warm up practice
session on the VR simulator improved task performance and
reduced errors in the dry lab not only for basic but also for
complicated skills such as robotic suturing. The cohort includ-
ed trainees and experts who had undergone the same robotic
training, but were divided into two groups—one that did a
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warm up session, and the other that read a book in the
meantime.

Setting a Benchmark for Attainment of Competency

Setting a benchmark for attainment of competency in VR
skills is essential to progress to the next step of training.
Raison et al. [277] analyzed the participant and expert scores
from European Association of Urology VR courses and iden-
tified five assessment exercises; three basic level exercises
(Pick and Place, Camera Targeting 1, Peg Board 1) and two
advanced level exercises (Suture Sponge and Thread the
Rings 1). The three basic exercises tested fundamental robot
skills including EndoWrist manipulation, clutching, three-
dimensional vision, and camera control whereas the advanced
exercises tested complex skill of suturing, requiring needle
driving in addition to competent execution of basic robotic
surgical skills. The technique of mean expert scores to gauge
proficiency was used and potential benchmark standards for
competency were set at 60, 75 and 90% of the mean expert
score. Modeling against participant outcome data identified a
competency standard of 75% of mean expert score as a suit-
able standard based on the performance of novice (no robotic
surgical experience), intermediate (1-74 robotic procedures
performed) and expert participants (>75 robotic procedures
performed).

Noureldin et al. [28] defined competency based on the
norm-referenced method, in which experts performed the
tasks on the da Vinci Surgical Skills Simulator prior to the
trainees, and a passing score was defined as the average of
the experts’ total scores (MScore performance metrics inher-
ent to the system) minus one standard deviation for each task.
They incorporated VR simulation into the Canadian Objective
Structured Clinical Examinations (OSCE) to assess the basic
robotic skills of urology Post-Graduate Trainees (PGTs).
Although their benchmark passed only one-third of their
trainees, it was able to discriminate between novice and more
experienced trainees.

Both of these studies demonstrate that benchmarks are not
rigid scores that are set on the system, but rather need to be
modifiable to the training institute where training is taking
place.

Dry Lab Training

Dry lab simulation is cost effective and can reliably simulate
cutting, suturing and grasping exercises. As the user is actual-
ly sitting on the daVinci™ surgical system (dVSS) console
and using robotic instruments to complete tasks, the fidelity
of simulations is very high [29]. It simulates real time chal-
lenges and is a good interface to learn initial console trouble-
shooting, especially with regard to camera and clutch control,
position of hands etc. The consumables for dry lab exercises

@ Springer

can be as simple as routine beads/needles/sutures, to sophisti-
cated vascular and bowel models. Dry lab exercises are how-
ever limited in that it is difficult to maintain a standardized
record or method of assessment, something that is essential in
the early stage. Objective assessments made by a keen observ-
ing trainer are required in order for the trainee to have any
benefit from the system.

Siddiqui et al. [30"] developed and validated robotic objec-
tive structured assessments of technical skills (R-OSATS).
Performance for each simulation drill (5 generic exercises)
was assessed across four categories depth perception/accuracy,
force/tissue handling, dexterity and efficiency. Each category
was scored from 1 to 5, with higher scores indicating more
proficiency. Scores are summed across categories, giving a
maximum score of 20 per drill. Using this, they were able to
demonstrate construct validity for R-OSATS. They were also
able to set up benchmark scores for R-OSATS [317] using the
modified Angoff and the contrasting groups methods. Using
these methods, the minimum score for competence was deter-
mined to be 14 per drill. To minimize the need for availability
of expert assessors, the same team were able to demonstrate
that crowd-sourced assessments of recorded dry lab surgical
drills using R-OSATS were a suitable alternative [32].

Wet Lab Training

Handling of tissues and understanding the reaction of tissues
to instrument touch cannot be learnt in dry labs. Further, use of
diathermy and vascular control can only be learnt in wet labs.
Experience in the wet lab soon teaches the trainee to recognize
the consistency of tissues based solely on visual clues.
Robotic wet labs provide excellent training ground for near
live surgical exposure. Wet labs can provide three different
types of training material. Frozen animal parts [33], frozen
human body parts [34] and live animals [35] with the cost
increasing proportionately. More centers around the world
are moving to animal body parts due to the cost factor.
Animal and human body parts are excellent training material
to learn handling of tissues, dissection, excision, diathermy
and suturing techniques. Embalmed body parts allow vascular
identification and dissection but alas do not provide a learning
ground for vascular control.

Live anesthetized or euthanized animal models are expen-
sive and limited with regard to number of times they can be
used, but have an advantage of bleeding simulation. These
limiting factors have resulted in low uptake in the early stages
of a training program.

Training in the Operating Room
Once signed off on simulated skills, the trainee should be com-

petent to learn the steps of the procedure on the console safely.
This should follow a modular approach. The role of a mentor is
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crucial in this process. The trainee must enter into an agreement
with the mentor who will oversee training. The modular pro-
cess begins with the trainee performing the simplest part of the
procedure, and progressively taking on increasingly difficult
bits as the mentor sees fit. The transition of mentor from pre-
ceptor (who will step in when required) to proctor (who super-
vises and allows the trainee sufficient opportunity to operate)
usually indicates that a trainee is progressing.

Lovegrove et al. [67] developed a safety and assessment
tool to gauge the technical skills of surgeons performing
robot-assisted radical prostatectomy during modular training
based on Healthcare Failure Mode and Effect Analysis
(HFMEA) methodology. The operative procedure was
deconstructed to identify 17 steps and trainees undergoing
modular training were assessed by their mentors from a score
of 1-5. A score of 4 or above suggested attainment of com-
petency. Using this they were able to monitor progress and
define a learning curve for each step of the procedure.

Dual console dVSS, although coming at a substantial in-
crease in cost, allows the mentor to step in and take over
immediately without the trainee having to leave the console,
potentially providing the trainee with more “operating time”
on the console. Smith et al. [36] showed that this did not
deviate significantly from single console procedures in terms
of operative time and outcomes. Dual console training would
be invaluable in vascular management.

Tele-mentoring [37] is an exciting and evolving technology
that allows an expert to provide advice without physically
being in the theater. The mentor can view the same images
as the operating surgeon and provide expert guidance in real
time. Though probably not realistic in its present state for early
training, it could have a significant role in the future.

Non-technical Skills Development for Robotic
Surgery

The presence of the robot in the operating room poses a
unique challenge to team communication and risk manage-
ment and hence development of non-technical skills is of par-
amount importance. Studies in open surgery [38] have identi-
fied that 86% of adverse surgical events were due to “system
errors” and were not related to technical skills. Overall, 40%
of intraoperative errors were found to relate to failures in com-
munication alone [38]. Non-technical skills such as teamwork,
leadership, situational awareness, and decision-making have
all been shown to have a significant impact on surgical success
[39] and can be developed easily in a simulated environment.
A recent systematic review by Wood et al. [40™] evaluated
various non-technical skills training tools for both individual
surgeon and team and concluded that NOTSS (Non-Technical
Skills for Surgeons) was the gold standard training tool for the
individual surgeon training whereas the Oxford NOTECHS

(Nontechnical Skills Training Tools for the Surgical Team) II
was the most favorable for team-based training.

Discussion

The importance of having a validated training curriculum not
only stems from the responsibility towards patient safety, but
also from the ensuing issues with credentialing and associated
liability. Proficiency-based training curricula that comprehen-
sively address the skills necessary to perform robotic opera-
tions have shown construct and content validity as well as
feasibility [41-44]. The initial years of the robotic era saw
multiple versions of such a training curriculum individual to

— e

l Certificate on passing the

online e-learning assessment

Hands on team-based
training on patient

video based discussion
of procedures and

NOTSS and Oxford
NOTECHS II assessment

Progress onto Dry lab if preset
scores reached (75% of expert
score)

Progress onto Wet lab if R-
OSAT score = 18 for cach task
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Fig. 1 Pathway for training in robotic surgery
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a center or group of centers. They ranged from 2 days to
10 weeks of training, were shown to be feasible and did show
a measurable improvement in skills; however, they lacked
uniformity in credentialing. Although validated for technical
skills, these did not account for the development of non-tech-
nical/team skills essential for a novice surgeon.

More recently in 2012, a consortium of experts compiled a
curriculum and outcome measures through a series of confer-
ences to set up a Fundamentals of Robotic Surgery (FRS) pro-
gram [45], akin to the Fundamentals of laparoscopic skills
(FLS). The program consisted of a curriculum of didactic lec-
tures, psychomotor skills labs, and team training activities.
Twenty-five specific outcome measures are used to assess the
achievement of robotic surgical skills. The proposed program
aimed to establish a validated bar, after the attainment of which
the trainee can build their skills with increasing hands-on ex-
perience in the operating room. Stegemann et al. [7] more re-
cently showed in a randomized control trial that such a curric-
ulum significantly improved basic robotic skills in those resi-
dents who undertook it, when compared to those who did not.

Ahmed et al. [5”] more recently designed a curriculum for
robotic fellowship training based on structured focused group
interviews among an international expert panel. Various iter-
ations of content analysis of recorded interviews were
discussed and analyzed and a curriculum was designed. A
quantitative questionnaire about this curriculum was dissemi-
nated to attendees to assess the level of agreement with the
designed curriculum. It takes the novice surgeon through on-
line teaching, simulation in the laboratory environment, full
immersive modular training at the workplace and final sign off
of videoed full procedure and trainer’s report for certification.
Although initially set at 3 months, the authors advocated at
least 6-9 months of training in such a modular method.
Individual sing off benchmarks were however not specified
and were left to the discrimination of the trainer.

Collectively, a complete curriculum can be defined as in
Fig. 1, based on the evidence generated in this review.
Prospective evaluation of such a curriculum for robot-
assisted radical prostatectomy for five novice surgeons at
our center has demonstrated that patient outcomes are not
adversely affected, and on the contrary, the learning curve
for oncological and functional recovery (as defined as
achievement of outcomes to the level of the trainers) can occur
within the first 50 independent cases. The strength of imple-
mentation of such a curriculum lies in the background of a
high volume of cases, qualified trainers, structured training
schedules and regular assessment of skills.

Conclusion

In conclusion based on our early experience, we would rec-
ommend a road map of training as delineated in Fig. 1 with

@ Springer

assessment of competency at every level before progression.
Such a training program would be based on demonstration of
proficiency and safety in executing basic robotic skills and
procedural tasks as well as achievement of non-technical skills
in the practice laboratory prior to proceeding to modular train-
ing, and finally to sign off and independent practice.
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