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Abstract: There has been a major shift from the old paradigm of ‘see one, do one, teach
one’ in medical training due in large part to resident work-hour restrictions and required
oversight in the operating room. In response to this, advancements in technology have
allowed for the introduction of more objective measures to assess the skill competency
and proficiency of surgical trainees. Patient safety and trainee well-being are important
drivers for this new model, and so surgical training programs are adopting simulation into
their curriculum. Urology is uniquely positioned at the forefront of new emerging technol-
ogies in surgery, because of the field’s commitment to safe and efficient minimally invasive
surgery and endourological procedures. Due to these technically challenging procedures,
urological training must incorporate these educational technologies to allow for objective
skills assessment, skills transfer, and ultimately providing optimal patient care with the
production of proficient and competent urological trainees.

Keywords: surgical education, virtual reality, 3D printing, evaluation, credentialing, crowd-
sourced

Introduction
More than 400,000 deaths per year in the United States are due to errors in
medicine, and this accounts for the third leading cause of death.'” Mandated
reporting for medical errors varies by state. And despite this, the US has higher
reported medical errors than other developed countries.’ Surgical errors are com-
mon, but largely attributable to surgical error, and thus potentially preventable.*
Furthermore, surgical technique has been directly related to patient outcomes.*>
Simulation allows for developing and practicing surgical skills without risk to
patient safety. This ‘learner-centered’ approach is particularly important in the
education of medical students, surgical residents and fellows. Over the past two
decades, there have been many advancements in the technology available to
objectively assess surgical skills. In addition, implementation of work-hours restric-
tions and the need for direct resident supervision in the operating room have created
a new demand for pre-clinical technical and cognitive skills training through
simulation. Urological training is currently assessed using a combination of direct
preceptor oversight, case logs, written and oral boards. With the increasing avail-
ability of simulation models, more and more training programs are incorporating
surgical simulation with objective benchmarks into their training curricula. This
model allows for safe and efficient training curricula with the ability to evaluate
skills in an objective and consistent manner. Minimally invasive surgery in
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particular lends itself to objective skill markers through
video capture and movement tracking.

A variety of surgical simulation platforms have been
developed to aid in surgical training including open sur-
gery, endoscopic surgery, laparoscopic surgery and robot-
assisted laparoscopic surgery. Different platforms allow
for a variety of surgical scenarios including task-based
simulations,

procedure-based simulation, reality-based

simulation and  virtual reality-based  simulation.
Simulation can also help trainees reach proficiency in
surgical procedures using simulation-gained technical
skills that can be applied to live-patient surgery.

Our aim in this article is to review current trends in
surgical simulation in urology and discuss future directions.
A literature search covering the past 10 years was conducted

LEINT3

with keywords: “urology”,

ELINT3

simulation”, “education”, and
“surgical training”. We included articles from this timeframe
with special emphasis on the past 3 years. Preference was
given to articles mentioning novel use of simulation tools in
the field of urology. Additional preference was given to
articles with higher levels of evidence. Exclusion criteria

were articles that were not available in the English language.

Simulation Platforms

A variety of surgical simulators have been developed and
utilized over the past two decades. Surgical simulation
tools are based on surgical approach (open, endoscopic,
laparoscopic, robotic), reality-based or virtual-reality
based, and task-oriented or procedure-oriented platforms.
There exist hybrids of these such as augmented reality or
full immersion scenarios (Figure 1).%7 Surgical simulation
models have been validated in different settings for vary-
ing skill levels (from medical students to experienced
surgeons) in multiple surgical specialties.

Endoscopic Platforms

Endoscopic training platforms can be utilized for both
lower urinary tract and upper urinary tract urological pro-
cedures. Some common procedure-based platforms
include simulation for cystoscopy, transurethral resection
of the prostate (TURP), transurethral resection of bladder
tumor (TURBT), ureteroscopy, and percutaneous nephro-
lithotomy (PCNL).® The use of training platforms is parti-
cularly useful for PCNL, where the learning curve has
been described in the literature as 45—60 cases for compe-

tency, but up to 115 cases need for proficiency.®

Laparoscopic Platforms

Physical box or video trainers have been the primary simu-
lators available in laparoscopic surgery. These utilize real
laparoscopic surgical instruments, allowing for the learner to
become better acquainted with the tools (Figure 2). The
learner can use the instruments to complete a variety of
tasks using different surgical instruments which include
passing objects, cutting, suturing and tying. These laparo-
scopic platforms have shown benefits in laparoscopic skills
transfer in surgical trainees. Steigerwald et al demonstrated
that surgical residents using reality-based or virtual reality-
based laparoscopic trainers improved their scores during
simulation and the live operating room setting. However,
there was no significant difference in the performance of the
residents using one system compared to the other.®

Robotic Platforms

Robotic simulation platforms have become increasingly
popular in recent years. Currently available virtual simu-
lators for robotic surgery are the Surgical Education
Platform (SimSurgery, Oslo, Norway), Robotic Surgical
System (Simulated Surgical Systems, San Jose, CA,

Type of
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Figure | Type of simulation models in surgical training. *Hybrid experience.
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Figure 2 Examples of Task-Based Simulation. (A) Laparoscopic Box Trainer. (B) Suturing. (C) Peg Transfer.

USA), dV-Trainer (Mimic, Seattle, WA, USA), da Vinci
Skills Simulator (Intuitive Surgical, Sunnyvale, CA,
USA), ProMIS Simulator (Haptica, Ireland),
RobotiX Mentor (3D Systems, Simbionix Products,
Cleveland, OH, USA).7’9 These simulators are not without
cost; the most expensive costing about $160,000 US dol-

and

lars. The dV-Trainer was introduced in 2007, is the only
unit with haptic feedback, and is stand-alone from the da
Vinci console. The da Vinci Skills Simulator introduced in
2011 has a lower cost ($90,000 US dollars), but is limited
because it is not stand-alone, meaning it cannot be used
without the surgical console.® The advantage of these
simulators is that procedure-specific modules exist to exer-
cise the competence of a learner’s ability by surgery case

type.

Task-Based Simulation

Task-based simulation is the simplest, and most commonly
utilized form of simulation in surgical training and can be
used with both reality and virtual reality simulators. The
tasks are not specific to any specific operation, but rather
focus on developing fundamental skills. The tasks are
completed with inanimate objects and focus on skills
such as hand-eye and left-to-right-hand coordination,
grasping, transferring, cutting, and suturing. Some com-
mon tasks performed include peg transfer, pattern cutting,
needle driving, suturing and knot tying. Several publica-
tions have demonstrated that task-based simulation
improves surgical skills in the operating room setting.
Dawe et al demonstrated the transferability of surgical
skill from surgical simulation training to the live patient
setting in a systematic review. This review included 14

studies on laparoscopic simulation, 13 studies on endo-
scopic simulation and 7 studies on other types of proce-
dures. Most of the studies reviewed showed improved
performance for participants with simulation training com-
pared to those without simulation training.'® In a study by
Sethi et al, 20 participants (including experienced sur-
geons, trainees and medical students) perform basic skills
(ie ring and cone, string walk, and letterboard) on a virtual
reality simulator for the robot (dV-Trainer). Authors were
able to conclude face and content validity, and all partici-
pants found this model realistic and easy to use.''

Procedure-Based Simulation

Procedure-based simulation gives trainees the opportunity
to perform parts of or an entire surgical procedure in
a simulated environment. Understandably, the difficulty
with this type of simulation lies in the capacity to replicate
the operative experience.'? The gold standard for this has
been considered the cadaver model followed by the animal
model, which is limited due to financial and ethical
constraints.” There exist many synthetic bench models in
use for this purpose; these are typically designed to mimic
a specific organ with a known pathological condition.
Several publications that have shown validity and reliabil-
ity using these models for specific steps of a procedure,
such as with intracorporeal suturing.” A recent example
includes a laparoscopic ureteral reimplantation model
developed by Millan et al in 2018. The goal for this
model was to be anatomic, ergonomic, and low-cost
(cost of materials was $25). This model employed the
Lich-Gregoir technique for pediatric ureteral reimplanta-
tion. Surgeon participants (n=34) responded to a survey
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afterwards, and based on a perceived lack of training in
100% of respondents at their own institutions, they felt this
would allow for practice of a technique that is not com-
monly employed, has a steeper learning curve, but with
potential for improved outcomes in patients.'* Additional
investigation of this model is needed to determine face and
construct validity. Other examples include suprapubic
catheter insertion models,"® abdominal phantom model
for ultrasound-guided percutaneous renal access,'” and
benign prostatic hyperplasia (BPH) prostate models for
transurethral resection of the prostate (TURP).” An exam-
ple of the latter is the Bristol TURP trainer (Limbs and
Things Ltd., Bristol), which includes a synthetic prostate
and bladder mounted on a base, in which the trainee
employs an actual resectoscope.'®

Several examples of virtual reality procedure-based
simulation exist in the literature as well. Moglia et al
performed a systematic review of the literature on virtual
reality simulators for robot-assisted surgery in 2016.
Among these, Chowriappa et al randomized trainees into
two groups: the intervention arm was instructed to perform
procedure-based virtual reality training that included
a specific step in a robotic surgical procedure versus
a control group that was not given this exposure. The
specific technology the authors used was a Hands-on
Surgical Training (HoST) environment that uses augmen-
ted reality where an actual surgical procedure, in this case
urethrovesical anastomosis, is transplanted onto a virtual
simulator. Ultimately, this allows the trainee to take on the
steps of an entire operation in this augmented reality, and
also providing real-time feedback from within the frame-
work. The intervention arm had overall higher scores and
better performance compared to the control arm, and the
majority found this platform similar to a real surgical
procedure.'? Other urological procedures that are offered
on this training platform are radical and simple prostatect-
omy, radical cystectomy, extended lymph node dissection,
adrenalectomy, radical and partial nephrectomy.'’
Additional virtual reality models exist for endourological
cases, such as cystoscopy, transurethral resection of blad-
der tumors (TURBT) and TURP. Some of the virtual
reality simulators available for TURP include the
TURPsim (Simbionix/VirtaMed, Beit Goal, Israel) and
the UroTrainer (Karl Storz, Tuttlingen, Germany).'®'®

Whitehurst et al performed a randomized study to
compare virtual reality simulation to a dry lab simulation
in surgeons and trainees who had no previous exposure to
robotic surgery. After randomization to one of these arms,

the final performance was assessed with procedure com-
pletion in a live animal model. The authors found no
difference in surgeon performance between the two groups
and concluded that virtual reality simulation can be used
for training in robotic surgery.'®

Emerging Technologies

Three-dimensional (3D) printing has gained momentum
since its introduction in the mid-1980s, and its role in
urological training and surgery has been widely reported
on in the past decade. This allows for constructing a 3D
model in a layer-by-layer technique using a range of
various materials.”> When creating an anatomical model,
it is often acquired with CT or MRI diagnostic imaging,
and a specialty trained individual, often a radiologist, is
needed for final processing of the image before it is con-
sidered ready.?’ Smith et al 2019 performed a review on
the topic, identifying a large swath of urological proce-
dures that some aspect of 3D printing has been used in,
including percutaneous nephrolithotomy, partial nephrect-
omy, renal transplantation, laparoscopic pyeloplasty, pros-
tate brachytherapy, TURBT, urethrovesical anastomosis,
simulation, and “phantom organs”. The available work
on this has been largely low-level evidence, so there is
a need for more investigation including randomized con-
trolled trials.?’

Ghazi et al developed a full-immersion simulation for
percutaneous nephrolithotomy using an anatomically cor-
rect 3D model. The authors were able to show face and
content validity after testing this model in both urology
and interventional radiology trainees as well as experi-
enced practitioners.”’ Cheung et al created a 3D model
for laparoscopic pyeloplasty, and the authors were able to
demonstrate validity as well between pediatric urology
fellows and attending urologists.>> Van Renterghem et al
described a 3D pelvic cadaver model with creation of
a high fidelity and safe penile model that they consider
not to be cost-prohibitive. This model was engineered with
3D printing, and designed for training in penile prosthetic
surgery.”> These and other 3D models permit the use of
high-validity, full-procedure simulation to be used in sur-
gical training. There has also been an application in the
real world with patient-specific models created to help
surgeons prepare preoperatively for complex cases.”
Another emerging science with unique applications in
surgery is augmented virtual reality systems that are
employed at the patient level, and not just the training
level. A recent article described the use of a MRI-based
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virtual reality surgical navigation tool that is overlaid in
real time during robot-assisted radical prostatectomy. The
authors were able to show feasibility by employing this
adjunct tool during robot-assisted radical prostatectomy to
help navigate surgical decision-making at key dissection
points. At this time, the surgeon does have to step away
from the console to visualize the contrived 3D models, but
future directions would be for direct intraoperative use at
the console level.**

Role in Education and Certification

In order to be considered as a tool for training and assess-
ment, a surgical simulator must demonstrate validity, edu-
benefit,
different measures of validity: face (experts and novices

cational and cost-effectiveness.” There are
recognize the value of the tool), content (following expert
evaluation), and construct (there is a measurable difference
when using the tool between expert and novice).”'®
Fidelity is reflective of the level of realism the model
has, but its necessity in simulation training is debated.'®
Even higher standards need to be met for a tool to be
considered for the assessment of surgeon skill.'® Ideally,
the tool is able to show actual skill acquisition that is
demonstrable in the clinical realm following simulation.’

The traditional model for evaluation of surgical skills is
through direct observation; the Objective Structured
Assessment of Technical Skill (OSATS) was introduced
as an aid to objectively assess clinical competency.”” The
Fundamentals of Laparoscopic Surgery (FLS) examination
is currently a requirement to become board certified by the
American Board of Surgery. Goh et al developed the
Global Evaluative Assessment of Robotic Skills
(GEARS) that assesses 6 domains (depth perception,
bimanual dexterity, efficiency, autonomy, force sensitivity
and robotic control) for credentialing in robot-assisted
surgery.”® This tool has been validated at several institu-
tions as part of an integrated curriculum for robotic
surgery.”® Beyond just one-on-one feedback, Lendvay
et al have leveraged large groups of anonymous reviewers
to provide a crowd-sourced assessment of surgical skills.?”
Crowd-Sourced Assessment of Technical Skills (CSATS)
represents the next level of objective assessment of surgi-
cal skills, correlates with expert reviews, and has shown
cross-over into the prediction of patient outcomes.®

The inclusion of simulation within urology boot camps
for new residents has shown improvements in knowledge,
comfortability with instruments, and confidence of the
trainee.® Full immersion scenarios in training have also

been described that mimic the entire operating room with
integrated equipment, audio, and lighting.” The concept of
surgical warm-up prior to an operation has grown as well:
Lendvay et al performed a randomized controlled trial that
showed that expert surgeons benefited from a brief virtual
reality warm-up session prior to robotic simulated tasks.?’

At this time, there are no standard credentialing guide-
lines for specific procedures within the US. Hospitals look
to the volume of cases the surgeon has done to determine
credentialing eligibility. As simulation platforms continue
to play a role in education, their role in credentialing will
most likely increase as well.

Conclusion

Simulation provides a low-risk environment for repetition,
development, and maintenance of surgical skills that is
learner-centered. A range of simulation platforms have
shown validity across the literature, and have also demon-
strated improvement in surgical skills. There is ample
evidence in the literature of the benefits, including faster
procedure times and decreased errors, following simula-
tion. With the changing needs of a surgical training pro-
gram in the current environment of work-hours restrictions
and focus on patient safety, simulation in training has been
accepted as an adjunct for the surgical residency
curriculum.*® We expect this trend to continue, and with
it, an increasing role in surgical credentialing will mirror
this. New technologies or applications of existing technol-
ogies are quickly changing the medical landscape, and
have the potential to improve surgical training, credential-
ing, maintenance, and ultimately patient outcomes.
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