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Properly performing minimally invasive colorectal procedures requires specific skills.
With a focus on patient safety, the training of surgeons on patients is only accepted
under exceptionally controlled, expensive, and challenging conditions. Moreover,
many new techniques in colorectal surgery have been developed. Therefore, under-
taking minimally invasive colorectal surgery in modern times requires specific psycho-
motor skills that trainee surgeons must gather in less time. In addition, there are not
enough proctors with sufficient expertise for such an expressive number of new
different techniques likes transanal and robotic procedures.

Studies that have demonstrated an improvement in minimally invasive surgery skills to
the actual operating room in general surgery and a stepwise approach to surgical
simulation with a combination of various training methods appears to be useful in
colorectal surgery training programs. However, the scientific evidence on the transfer
of skills specifically for colorectal surgery is extremely scarce and very variable. Thus,
the evaluation of the results remains quite difficult. In this review, we present the best
available evidence on the types of training based on simulation, their characteristics,
advantages and disadvantages, and finally the results available on their adoption.
Nevertheless, scientific evidence about the benefit of simulation training in minimally
invasive colorectal surgery is limited and there is a need to build more robust evidence.

Advances in science and technology have led to changes in
established procedures and the introduction of entirely new
and less invasive operations or access routes in colorectal
surgery. However, at the beginning of their training, sur-
geons inexperienced in techniques of recent introduction,
even when adequately supervised, can make mistakes. As a
result, if concrete steps to ensure patient safety have not
been undertaken, the entire process of introducing new
technologies can be put at risk. In this sense, the role of
simulation-based training is very attractive and increasingly
import.zmt.1

Traditionally, in surgery and other medical specialties, the
transfer of skills used to be done through a model where the

Issue Theme Education and Training in
Minimally Invasive and Robotic
Approaches to Colorectal Disease; Guest
Editor: Sergio Eduardo Alonso Araujo,
MD, PhD, FASCRS

surgeon in training played the role of an apprentice. This
model, known in the United States and Europe as the William
Halsted model (“see one, do one, teach one” method) intro-
duced at Johns Hopkins University in 1889, served conven-
tional surgery well for more than a century.z In that role, the
apprentice surgeon observed the performance of the senior
surgeon first and then performed the operation under su-
pervision. However, this model depended entirely on outpa-
tient and inpatient flows and on the senior surgeon surgical
agenda. In addition, different procedures have different
learning curves. Competent surgeons performing one proce-
dure may not be as competent performing another one. So,
how could senior surgeons possibly teach all?
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Laparoscopic cholecystectomy resulted in a rupture with
this traditional teaching model. A new condition was imposed:
the need to acquire specific skills and in nothing similar to
those practiced in conventional surgery. Moreover, surgeons
who had already completed their training cycle and were in a
teaching position also needed skills training. More than
20 years have passed since the introduction of laparoscopic
cholecystectomy in the early 1990s when Eric Miihe and
Philippe Mouret changed the face of surgery forever. Since
then, randomized trials and meta-analyses have demonstrated
superior immediate results of laparoscopic colectomy when
compared with conventional surgery regarding immediate
surgical outcomes.> Ultimately, results of noninferiority of
laparoscopic colectomy in relation to the conventional
approach regarding to oncological outcomes could also be
demonstrated for the radical surgical treatment of colon*> and
rectal cancer.%’

Minimally invasive colectomy is a technically challenging
procedure. The technical complexity is probably associated
with the still relatively low adoption rate of minimally
invasive (laparoscopic or robotic) colectomy when compared
with other minimally invasive operations like cholecystec-
tomy or fundoplication.® In addition, trainee surgeons need
to acquire more sophisticated technical skills in less time and
often supervised by senior surgeons eventually unfamiliar
with too many new minimally invasive procedures in colo-
rectal surgery—single-port laparoscopy colectomy, natural
orifice transluminal endoscopic surgery, natural orifice spec-
imen extraction, transanal endoscopic microsurgery, transa-
nal minimally invasive surgery, transanal total mesorectal
excision (TaTME), minimally invasive complete mesocolic
excision, and multiport or single-site robotic colectomy.

Special surgical competencies are necessary to overcome
technical difficulties associated to minimally invasive colorec-
tal surgery. The challenges associated with undertaking a
complete minimally invasive colectomy comes from the need
for mobilizing a long bowel segment, dissecting and dividing
large vessels, constructing a well-irrigated and tension-free
intestinal anastomosis, and removing a large specimen through
the smallest possible incision or through a natural orifice. As if
it was not enough, these extremely complex steps shall be
successfully executed in the case of conventional laparoscopy
by using a technology attached to two-dimensional and unsta-
ble view, long nonarticulated instruments limited by a fixed
entry point and limited (although not absent) tactile feedback.
Furthermore, an elevated rate of adverse clinical outcomes at
the beginning of the learning curve remains a concerning issue
mainly because it is no longer accepted that surgeons acquire
personal experience at the expense of patient safety. Ultimate-
ly, there is a significant financial cost associated with surgical
training in the operating room.” Based on the considerations
above, the minimally invasive surgical community decided to
reshape training strategy to facilitate acquisition of the mini-
mum skills set necessary for performing minimally invasive
surgery mainly due to the fact that during a laparoscopic
colectomy, the senior surgeons cannot directly guide the train-
ee’s hands during the procedure. Therefore, it was of central
importance to allow surgeons to acquire important skills

outside of the operating room, aiming to a safe introduction
of new techniques into surgical practice. Medical societies and
international medical organizations, like the Society of Ameri-
can Gastrointestinal and Endoscopic Surgeons (SAGES) and the
European Association of Endoscopic Surgeons, defined mini-
mum requirements for surgical training before clinically per-
forming minimally invasive surgery.

The strategies commonly used for transferring skills in
minimally invasive surgery generally are divided into two
phases: preclinical and clinical training. No matter what
program the surgical trainee is enrolled (if residency or
fellowship), the two phases can often be noticed. The preclini-
cal phase includes the acquisition of theoretical knowledge,
training in the dry laboratory (physical [box simulators] reality
and virtual reality [VR] simulators) and in the wet laboratory
(animal and human tissue). The clinical phase includes proc-
toring and mentoring.

Types of Simulation-Based Training

Box and Physical Reality Simulators

Box simulators represent the first gateway of simulation-based
training. Very simply designed, they are a platform that
includes a box with holes where there are inserted trocars,
simulating an insufflated peritoneal cavity. Real laparoscopic
instruments are used by the trainees and there is a camera that
simulates the endoscope. In these simulators, training sessions
can take place with the use of inanimate models of human
organs like foam models (dry laboratory) or with surgical
pieces of animals (wet laboratory). There are several basic tasks
frequently conducted in the boxes'® like transfer (plastic rings
or small spheres can be transferred from one hand to another of
the surgeon, or within one side of the operating field), cut
(performing of a predetermined cut on a gauze pad to improve
sense of depth and adequate use of traction and counter-
traction), endo-suture, and knotting. Box simulators provide
tactile feedback and they are portable, relatively inexpensive,
do not demand significant human resources, only the time of
the trainee and the trainer. Practicing in a box simulator,
though, lacks a clinical context and interactivity as in the
operating room. The little association with the real world can
lead to demotivation and less effort in the execution of the task
or in its repetition, which ends up introducing a bias in the
evaluation. Another disadvantage is that it enables the assess-
ment of a limited skills set. Moreover, physical reality trainers
require replacement of parts or models, hence leading to
increasing costs. Ultimately, box trainers lack automated per-
formance assessment, since the entire training supervising
process demands a significant amount of time of senior
surgeons.

One of the first results about skills transfer of skills to the
operating room using a box trainer was published by Scott
et al."" In this study, the hypothesis of training in a prede-
termined sequence of tasks would affect performance of
surgical residents in laparoscopic operations. Twenty-two
surgery residents were randomized to undergo skill training
(30 minutes a day for 10 days) or not (control group). The
study group practiced the tasks on the simulator an average
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of 138 times (94-171) while the control group did not
practice any tasks. All research subjects underwent struc-
tured assessment using Objective Structured Assessment of
Technical Skills'? before and after training. Residents under-
going skills training improved in 4 of 8 criteria assessed by
the tool (tissue handling, instrument handling, use of assis-
tants, and overall performance). As expected, the only crite-
rion that did not improve after training was knowledge about
the surgery, as there was no theoretical content available in
the study. The authors concluded by the significant improve-
ment that can be expected from skills training on hand-eye
coordination of junior residents and that such a training
program should be included in residency program. Another
important landmark work was conducted by Fried et al.'
They have published the results of using a box simulator, the
McGill Inanimate System for Training and Evaluation of
Laparoscopic Skills (MISTELS) which was adopted by SAGES
in its well-known Fundamentals of Laparoscopic Surgery
program. In this study, 20 medical students from McGill
University (Montreal, Canada) performed the intracorporeal
and extracorporeal knots in the box. Then the students were
randomized for training or not in the MISTELS of the transfer
exercise. After four weekly sessions, the two groups of
students were asked to repeat the intra- and extracorporeal
knot tasks. There was a significant improvement in endo-
suture ability for the group that was selected for training.

Over the years, the simple task repetition environment of
the box simulators was replaced by the simulation of a
specific anatomy such as the female pelvis or the thoracic
cavity. This modification marks the appearance of the so-
called physical reality simulators. In them, in addition to
testing basic surgical skills, it was possible to simulate more
structured operative times such as intestinal suture, anasto-
mosis construction, and endo-stapling.

Virtual Reality Simulators

Until recently, VR simulators have been pointed out to have
as a main disadvantage focusing on basic technical skills
instead of full surgical procedures. This statement was true,
but not anymore due to the development of new equipment.

VR simulators have undergone profound changes in the last
years and are now able to provide a significant advantage over
physical reality and animal/cadaver models. Computer-gener-
ated simulations are traditionally used by airline pilots and
flight crews.'? The term VR refers to a “computer-generated
representation of an environment that allows sensory interac-
tion, resulting in the impression of being really present.”'*
Despite its high initial cost, the advantages of the VR simulator
are evident and include high fidelity, usability, and reproduc-
ibility for routine and risky technical maneuvers, maneuvers
repetition without the need of additional preparation, low
costs of maintenance and upgrades, complexity degree may be
determined by trainee or senior, and availability of a built-in
automated performance score and record.

In 1993, Richard Satava'® first proposed the use of VR
simulators in training in surgery and defined the five basic
prerequisites of realistic simulation: fidelity (image must
have sufficient resolution to appear real), object properties

(organs and tissue must be deformed when touched and
must fall by gravity), interactivity (surgeon’s hand and the
instrumental must have a realistic interaction with the
organs), sensory input—return of touch, pressure must be
felt by the user, and reactivity (organs must react properly to
manipulation or cutting like bleeding or leaking fluids).

Construction validity is a fundamental feature of any type of
simulator. Demonstrating the validity of constructing a model
means verifying its ability to differentiate between novice and
expert surgeons.'® Some authors have demonstrated the
construction validity of VR simulators. In 2001, Gallagher
et al'’ tested this characteristic of one of the first available
VR simulators, the Swedish MIST-VR. The performance evalu-
ationin the simulator of the surgeons participating in the study
allowed them to be properly differentiated so that the perfor-
mance in the VR simulator proved to be a useful and objective
tool in the assessment of psychomotor skills normally used in
minimally invasive surgery.

In VR simulators, trainee surgeons can be guided through
a series of training scenarios of progressive difficulty com-
plexity. These scenarios include either a simulation of a box
trainer where the basic skills can be trained or the more
advanced theater of a full laparoscopic case like a sigmoid left
colectomy. Therefore, trainee surgeons are allowed a step-
by-step skill development as well as transition of competen-
cies from training to clinical practice. In VR simulators, a
comprehensive set of different basic procedures can be
trained, including navigation, cutting, suturing, needle driv-
ing, energy (diathermy and ultrasonic), and stapler use.? In
addition, VR simulators also provide automated performance
assessment. This assessment derives from specific metrics
recorded during the training. Examples of such metrics are
task completion time, number of errors, and the virtual
instruments’ path length. Therefore, by utilizing validated
metrics, VR simulators provide important feedback for their
individual psychomotor and cognitive skills required for
performing a real laparoscopic surgery.

Regarding laparoscopic surgery, it was already demonstrat-
ed that training in a VR simulator leads to improvement of
performance during the execution of the considered simulator
task.'®1° Other authors have demonstrated that the achieved
improved performance may be observed during a real laparo-
scopic task.2® Ultimately, it has already been demonstrated that
VR simulation-based practice leads to improvement of perfor-
mance in the operating theater, which remains the sole and
most important goal of a surgical simulation-based program.?’
It is a specific feature of VR simulators, the output of perfor-
mance in technical skills according to built-in automated
metrics. One important feature of VR simulation-based train-
ing in laparoscopic colorectal surgery, would be to know
upfront, which simulator metrics are associated to a better
performance for a specific procedure, such as a laparoscopic
colectomy. With this purpose, surgeons novice to a laparosco-
pic colectomy underwent a single-session VR simulation train-
ing.>? Next, they all performed a laparoscopic left colectomy in
the swine. Operations were recorded and reviewed by two
expert surgeons using a performance evaluation score specific
to laparoscopic colectomy. Linear regression analysis was used
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to identify simulator metrics related to better score perfor-
mance. It was observed that the VR simulator parameters
strongly correlated with specific skills during laparoscopic
colectomy in the swine model—the safe use of electrosurgery
or energy device and the quality of the medial-to-lateral
dissection. The good news is that not only a single VR simula-
tion session in a specific clinical module is useful for novice
surgeons to address their baseline skills, but this information
may be useful in an attempt to tailor simulation-based practice
according to a trainee surgeon needs.

Augmented Reality Simulators

Augmented (AR) or mixed reality refers to supplementing the
real-world imaging provided to the surgeon by introducing
virtual objects (holograms) which appear in coexistence with
the ones from the real world. For an application to be charac-
terized as AR, it must fulfill the following requirements: real
and virtual objects must be combined in a common environ-
ment, the system must run interactively and in real time, and
real and virtual objects must be spatially registered.

This occurs in real-time via a dedicated hardware and
software. A basic AR method is to superimpose a hologram
on a real-world image captured by a camera and displaying
the combination of these on a computer/tablet/head-
mounted (smart glasses) display. One of the key aspects of
AR is that the surgeon does not have to look away from the
surgical site. Furthermore, using AR enables visualizing
structures such as major vessels and nerves or other vital
tissues. Another important functionality is the ability to
control the opacity of displayed objects. Ultimately, it is
possible to utilize voice or gesture recognition to create
enabling hands-free control of the used device. This is highly
desirable in surgery as it allows surgeons to control the
device without need of breaking aseptic protocols. On the
other hand, a still important limitation of AR simulation in
surgery derives form the need of targeting deformable
structures which present with significant changes during
the procedure. Although it is feasible to monitor the opera-
tive field by using real-time ultrasound, computed tomogra-
phy, or magnetic resonance imaging and correct the
displayed three-dimensional (3D) model, there is a signifi-
cant clinical delay on image interposition due to the still
significant amount of time required to capture and recon-
struct medical images. Of special importance to the readers
of this chapter, it is more difficult to use AR in abdominal
surgery because during laparoscopy, the amount of organ
movement is significant. Therefore, although extremely
promising, AR in abdominal surgery has been used more
frequently for navigation during liver and pancreatic surgery
as it allows better projection of large vessels and more
precise tumor location.

Animal and Human Cadaveric Models

It seems reasonable to assume that animal models offer
a degree of fidelity that cannot be superseded by any other
simulation model.3 Live and anesthetized animals favor the
development of some skills necessary for performance in the

operating room, including going through the preparation of
the room, instrumental, and equipment readiness. Another
advantage of an animal model is that they favor the user to
work in a team as well as to experience the authority
gradient in the operating room. There is no doubt that
operative steps like vascular division and dissection in
anatomical planes are very reliable in swines.>* As a matter
of fact, colectomy in the swine model is a very standardized
procedure. It is possible to simulate colon dissection, vascu-
lar ligation, endoscopic rectal transection, proceeding to the
auxiliary incision with resection of the specimen, and fash-
ioning the anastomosis. On the other hand, human anatomy
cannot be properly reproduced in the animal model and the
observation that the animal model is not reliable is quite
common among surgeons in training.25 For example, the
swine model represents an excellent option for left colec-
tomy training. It enables dissection, vascular control, rectal
transection, and full double-stapled anastomosis. On the
other hand, training laparoscopic colectomy in the pig model
lacks the right colectomy training. Moreover, laboratory
animals are generally expensive to dispose of since special-
ized personnel and the need for anesthesia are indispensable
in addition to the need to look for the supplier and the place
where the animals are dispensed. Some countries such as the
United Kingdom also prohibit the use of animals as a result of
the ethical controversy surrounding the issue,?® but allow
the use of tissues from dead animals such as sheep and pigs.

Human cadaveric surgical simulation in several specialties
and not only in colorectal surgery are generally used to provide
an immersive and high-fidelity experience to trainers. More-
over, the surgical training model on a human cadaver seems to
be the best from an anatomical point of view.?”-? However, the
availability of human cadavers for the training of minimally
invasive surgeons is limited. Therefore, they are used less
frequently due to the difficulty in turning the model available
and also due to high cost. In addition, despite correct anatomy,
the lack of bleeding, pulse, and breathing movements compro-
mise the accuracy of the model.

In 2003, the American Society of Colon and Rectal Surgeons
started organizing an annual colorectal laparoscopic surgery
course with the use of a practical part on cadavers.?’ Course
participants from 2003 to 2005 were asked to answer a
questionnaire. One week after the course, a laparoscopic
colectomy was performed by 53% of the participants and by
90% of them after 1 month. The questionnaire also revealed
that at that time the main factor driving students to enroll in
the course was the cadaver training model. Despite the limi-
tations associated with this type of study with questionnaires
and without a comparative group, the authors concluded that
the completion of a practical course with a cadaver model
allowed for the rapid adoption of laparoscopic colectomy.

Perhaps an area of prominence where cadaver simulation
represents an outstanding tool for skills transfer in minimally
invasive colorectal surgery has been teaching TaTME. TaTME
represents an extremely valuable approach to initiate and
complete TME using a minimally invasive approach in complex
situations such as in obese male patients harboring more distal
rectal cancers. In TaTME, dissection, to become technically
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competent, new didactic resources such as online presenta-
tions and videos of live surgeries may have partly addressed
learning needs. However, more structured theoretical and
practical insights are central. To successfully undertake TaTME,
full purse-string insertion in the distal rectum above the tumor
represents a key initial requirement and also a challenging one.
Next, bottom-up dissection of the TME plane also provides
important challenges. The anatomy of the pelvic fascial seen
from below using an endoscopic platform may lead the
surgeon away from the mesorectum and toward the pelvic
sidewall. If this happens, damage to nerve plexuses and even
inadvertent dissection of the prostate leading to urethral
injury was described.?°

The outcomes of 65 delegates attending one of the first
TaTME cadaveric simulation courses in U.K. were addressed
by Wynn et al.>® Trainees reported high levels of satisfaction
and have achieved good quality mesorectal specimens under
supervision. In the report, nearly 50% of the respondents had
performed TaTME surgery after 6 months and 95% of all
delegates stated an intention to use TaTME as an approach to
rectal cancer in future.

There is no doubt that human cadaver simulation repre-
sents a special tool in some subareas of minimally invasive
colorectal surgery such as in TaTME. The simulation of this
procedure in swine lacks fidelity and it is not yet available in
VR simulators. However, it turns out that the realism of
preclinical simulation in cadavers is not enough to guarantee
the so needed effectiveness and safety regarding patients of
surgeons undergoing training in TaTME as recently repro-
duced by Atallah et al.2' In this report, human cadaveric
hands-on courses on TaTME were conducted in the United
States for 1 year. In this series, 81 attending colorectal
surgery trainees completed the course. During the training,
71% achieved an adequate TME specimen. The authors con-
ducted then an online survey to assess postcourse experience
with the TaTME approach. Thirty-eight (46.9%) of 81 attend-
ee surgeons responded to the survey. Among these surgeons,
there were 5 reported cases of urethral injury leading to a
high incidence (20%) of this severe complication detected on
the survey. This finding represents an important concern
with the uptake of TaTME. Based mainly on this finding, the
authors concluded that although cadaveric courses represent
an important resource to skills acquisition, they are probably
insufficient to empower surgeons with the skill set necessary
to safely perform TaTME.

Effectiveness of Technology-Enhanced
Simulation for Training and Adoption in
Minimally Invasive Colorectal Surgery

There is currently no reported direct evidence of skills
transfer specific to minimally invasive colorectal surgery
derived from simulation-based training. However, regarding
laparoscopic surgery overall, regardless of outcome, level of
the trainee surgeon, study design, or a specific laparoscopic
task considered, simulation-based training when compared
with no training is largely more effective according to a
systematic review.>2 For the comparison of simulation-based

training versus no intervention in this study, 151 studies
were included. Another curious finding of this very large
systematic review was that box simulators were associated
with slightly greater outcomes than VR simulators, regarding
to the learner’s satisfaction with the training. However, VR
simulators are an expensive resource. The lack of a clear
advantage of VR over box simulators leads to questioning the
value of the first ones in the surgical training curricula.

To help answer the question on the role of VR simulations
for skills transfer in laparoscopic surgery, Alaker et al*>> have
recently published a dedicated systematic review and meta-
analysis on the comparison of VR simulation training with no
training and with other simulation techniques. When VR
simulation-based training was compared with no training, it
was possible to assemble data from 579 participants enrolled
in 24 randomized controlled trials (RCTs). The primary out-
come measures of change in time and scores associated with
the training tasks were reported in most studies. According to
the majority of these reports, VR simulation-based training
was superior to no training. Things get a little more compli-
cated when skills transfer to the trainee surgeon after training
in a VR simulator are compared with after training in a box
simulator. In the meta-analysis, 9 studies with 557 partici-
pants provided this information. The primary outcome meas-
ures of time and score were assessed in all the studies. The
meta-analysis of comparing VR to box trainers fell in slight
favor of the VR training. It is our impression that training in the
box simulator leads to enhanced skills transfer due to the fact
that it is more difficult for subjects to get used to the VR
simulator than the box trainer. Furthermore, different tasks
require different skills set. According to Chmarra et al,>* for
training tasks requiring force application, simulators with
haptic feedback (the box simulators) are needed. For tasks
requiring hand-eye coordination such as peg transfer, simu-
lators with no such haptics, like the VR ones may suffice. Those
might be part of the explanation of why comparing the results
of skills transfer from different simulation techniques may be
challenging.

A potential application of simulation-based training into
surgical practice may include a form of warm-up. A VR
simulation warm-up module is performed just before under-
taking the real procedure. For laparoscopic cholecystectomy,
the positive effect for experienced surgeons on specific psy-
chomotor skills performing cholecystectomies after a warm-
up were already demonstrated in two randomized trial.>>6 In
colorectal surgery, evidence for a routine warm-up is still
lacking. However, the hypothesis that a short-duration
(warm-up) skills training in a VR simulator could positively
impact the performance of surgical residents was tested
positive in a single-blinded randomized trial using technical
performance during a colectomy in the swine model as the
main outcome. In a small study,?” it was demonstrated that a
single short-duration VR simulator practice positively impact-
ed novice surgeons’ generic and specific skills performance
required to accomplish laparoscopic colectomy in a swine
model. In our opinion, these data should be interpreted with
caution, especially regarding the potential benefits of warm-
ing-up for more-experienced surgeon.
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Robotic Surgery

As with colorectal laparoscopic surgery, there are no studies
dedicated specifically to the role of simulation-based train-
ing in the transfer of specific skills for performing robotic
colorectal surgery. Moreover, to the best of our knowledge, it
remains unclear which tasks and metrics are the most
effective in distinguishing different levels of experience on
the da Vinci surgical system.

Regarding VR robotic surgery simulation platforms, robot-
ics-based task modules provide the learning environment for
surgeons to develop basic robotic skills and clinical simulation
modules (like hysterectomy, prostatectomy, thoracoscopic
lobectomy, inguinal hernia, and right colectomy). Two stand-
alone platforms for VR simulation in robotic surgery with the
da Vinci robotic system (Intuitive, Inc., Sunnyvale, CA) remains
the most popular worldwide, the pioneer dV Trainer, manu-
factured by Mimic Technologies (Seattle, WA) and the latest
RobotiX Mentor manufactured by 3D Systems (formerly Sim-
bionix, Cleveland, OH) (~Fig. 1). Likewise, VR simulators are
already available on the surgeon’s console of the da Vinci
robotic system. According to the system, they might be the
pioneer da Vinci Skills Simulator or dVSS (Mimic Technologies)
and the latest SimNow (3D Systems). The aforementioned
platforms remain the widely investigated systems. However,
there are two additional VR-based simulation platforms for
robotic surgery: the Surgical Education Platform (SEP; SimSur-
gery, Oslo, Norway) and the Robotic Surgical System (RoSS;
Simulated Surgical Systems, San Jose, CA).

Moglia et al®® have recently conducted a comprehensive
systematic review on the use of VR simulators for robotic
surgery. Although colorectal surgery was not a surgical
specialty included in the review, reports on robotic general
surgery were included. VR simulators were rated “good” for
realism (face validity) and for usefulness as a training tool
(content validity). However, regarding the aspect of con-

struct validity (capability of discerning between novice and
expert surgeons), due to the numerous training methodolo-
gies across the studies, there was clear limitation.

As for laparoscopic surgery, one important question regard-
ing VR simulation in robotic surgery is regarding which of the
many provided metrics inside the simulator modules are
useful for evaluation of a determined surgical trainee. Lyons
et al*? have evaluated the content of the 33 modules provided
by the da Vinci Skills Simulator (Intuitive Surgical, Sunnyvale,
CA) according to a board of experts, they have come to a
conclusion that 8 of the 33 modules have proven to be
essential. These 8 tasks were used for evaluating the perfor-
mance of 46 surgeons and trainees on the simulator (25
novices, 8 intermediates, and 13 experts). According to the
authors, metrics that performed particularly well were overall
score, time, and economy of motion. These metrics have
differentiated novices from experts across all tasks. Moreover,
instrument collision, master workspace, and critical errors
were also useful metrics.

The current evidence on skills transfer from VR simulation
in robotic surgery is difficult to analyze. Moglia et al*® have
included 9 studies in a systematic review. In these studies, the
number of included patients is relatively small (range 12-53).
Although 7 studies are RCTs*0~#® (generating level 2 evidence
according to the Oxford Centre for Evidence-based Medicine),
the intervention effect (VR simulation-based training) was
measured by task performance on an inanimate model in all,
except for one study on hysterectomies on humans*’ and one
study where the test task was undertaken on a pig model.*2
Only one study*' included general surgery residents. All the
remaining evidence refers to urology or gynecologic surgery
trainees. The only possible conclusion at this moment is that
there is still no evidence of skills transfer to real patients in the
operating room undergoing robotic surgery derived from VR
training, although there is evidence regarding skills acquisition
after training in a robotic simulator.

Fig. 1 The two most popular platforms for virtual reality (VR) standalone simulation in robotic surgery: (A) dV Trainer (Mimic Technologies,

Seattle, WA), and (B) RobotiX Mentor (3D Systems, Cleveland, OH).
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