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The pedagogical approach to surgical training has changed significantly over the past

few decades. No longer are surgical skills solely acquired through a traditional
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Objectives: Upon completion of this article, the reader should
have an understanding of the definition and application of
simulation as it relates to surgical training and be able to
summarize the simulation platforms that are currently avail-
able for both technical and nontechnical surgical skills.

Achieving surgical competence is a complex process that
involves the attainment of knowledge, judgment, professional-
ism, and surgical skill.! For the past century, surgeons have been
taught through the Halstedian model of surgical training, which
involved learning the craft of surgery through apprenticeship.?>
Although this model of surgical education has been successful at
providing a skilled surgical workforce in the past, a multitude of
factors have influenced the need to reconsider pedagogical
strategies in surgical education. Surgical training is undergoing
a paradigm shift, with the movement of the acquisition phase of
many basic surgical skills from the operating room (OR) to the
surgical skills laboratory. As well, nontechnical skills, such as
team communication, crisis resource management, and inter-
personal communication skills are increasingly being addressed
using simulation.* In this article, we will provide a broad
overview of surgical simulation, including bench-top models,
laparoscopic simulators, simulation for new surgical technolo-
gies, and simulation for nontechnical skills.

What Is Simulation?

Simulation is an educational technique that allows the inter-
active performance of the trainee in an environment that
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apprenticeship model of training. The acquisition of many technical and nontechnical
skills is moving from the operating room to the surgical skills [aboratory through the use
of simulation. Many platforms exist for the learning and assessment of surgical skills. In
this article, the authors provide a broad overview of some of the currently available
surgical simulation modalities including bench-top models, laparoscopic simulators,
simulation for new surgical technologies, and simulation for nontechnical surgical skills.

recreates or replicates a real-world clinical scenario, but is not
identical to “real life.”>® Simulation can include anything
from the use of standardized patients and low-fidelity bench
models, to high-fidelity technologically advanced virtual
reality (VR) systems. Simulation has been used and is cur-
rently well established in several other industries including
the military, aviation, and astronautics.” The use of simula-
tion in these industries predates its use in surgery with
simulation in aviation dating back to the 1950s. Pilots must
undergo exhaustive drills and certification on flight simula-
tors before being allowed to fly a plane. For example, the first
Boeing 777 flight was flown by a pilot with over 1000 hours of
simulation training.” Although lagging behind other indus-
tries, the use of simulation in surgical training has recently
gained significant momentum.

The Need for Simulation in Surgery

Perhaps one of the most compelling driving forces for the
integration of simulation into surgical training is the ethical
imperative of providing patients with the best care. Although
it is understood that trainees will eventually develop techni-
cal skills by treating patients, patients should not be subjected
to the possibility of harm when other training methods are
available for skill acquisition.® Simulation ensures that some
practice has taken place before trainees treat real patients.’
Simulation also allows for alternate ways to acquire skills
within the constraints of work-hour restrictions and limited
clinical exposure. Although data suggests that surgical
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residents’ operative volume in the United States has not
decreased,” it has been argued that the current case volume
may not be adequate for surgical training, especially when
new technologies are introduced.'®'" Simulators are avail-
able at any time to be used, making them flexible for training,
unlike patient exposure.” Furthermore, operating room
teaching is both time consuming and expensive. A study by
Bridges et al estimated that the increase in operative time
attributed to resident training translated into $53 million
dollars a year.'? Simulation can also provide a means for both
residents and surgeons in practice to acquire the necessary
skills to incorporate new surgical technologies and innova-
tion into their surgical repertoire, with the resultant shift of
the learning curve away from the patient. Simulation allows
room for error and the ability to allow trainees to learn the
consequences of error because incorrect tasks can be per-
formed to completion.'? Finally, important skills such as crisis
resource management and team training can be practiced
away from the emergency setting, allowing for better team
functioning when crises occur. Various types of simulations
are available, including bench-top models, simulators to teach
laparoscopic skills and to teach new technologies, and sim-
ulations for nonsurgical skills and team training.

Bench-Top Models

Bench-top models are designed to teach surgical procedures or
assess technical performance, using synthetic material or non-
live animal tissue. One of the earliest reported bench-top
models was described in 1986 by Pikal who demonstrated
the ability to improve surgical performance using freeze-dried
porcine tissue to teach intestinal anastomosis.'® In the mid-
1990s, Reznick et al at the University of Toronto'> developed an
objective assessment of technical skill (OSATS) using bench-
top models of either synthetic material or nonlive animal
tissue. Models were developed to assess a variety of technical
procedures including excision of a skin lesion, bowel anasto-
mosis, insertion of a T tube, and abdominal wall closure
(=Fig. 1). The OSATS has demonstrated the validity and
reliability of bench-top models in the assessment of technical
skills.'®~'® OSATS models were initially developed for general
surgery; however, they have now been developed for other
surgical specialties.?? Obstetrics and gynecology have also
developed and evaluated the psychometric properties of inex-
pensive bench-top models.?! Advanced hysteroscopic surgical
skills of endometrial resection and ablation have been prac-
ticed on a low-fidelity, inexpensive butternut pumpkin mod-
el,?2 and the surgical repair of obstetrical anal sphincter injury
has been simulated using porcine tongue.?>

Although high-fidelity laparoscopic VR models are allur-
ing, bench-top models continue to be developed for many
training needs. In a recent randomized control trial, Lauscher
et al described the use of a bench-top simulator—the Berlin
Operation Trainer (BOPT) for training conventional open
gastrointestinal techniques including bowel anastomosis.
The BOPT mimics the reality of the OR requiring the trainee
to operate standing up within the confines of simulated
anatomy such as the pelvis and upper abdomen.>* Compared
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Figure 1 Bench-top model demonstrating a side-to-side stapled
anastomosis using porcine small bowel.

with the control group who were trained on conventional
models, the BOPT-trained group demonstrated a significant
improvement in terms of speed and overall performance
score. Interestingly, even those participants who were classi-
fied as experts demonstrated improved performance after
training on the BOPT, suggesting that bench-top models can
impact skill acquisition at higher levels of training. Evidence
of potential transfer of skills to the OR was suggested by
demonstrating improved performance in an anesthetized pig.
This same group has gone on to further establish face, content,
and construct validity of the BOPT.2>

There is considerable evidence that bench- top training
leads to skill acquisition. A prospective cohort study by
Jensen et al demonstrated that simulation-based training
for excision of a skin lesion and small bowel anastomosis on
a porcine model resulted in a significant improvement in
performance with a decreased time to completion, im-
proved overall global score, and for the anastomosis, an
increase in anastomotic leak pressure.2® Bench-top model
training has also been shown to significantly improve
ureteroscopic techniques.?’” A randomized, single-blinded
trial by Anastakis et al demonstrated that bench-top models
can improve performance among first-year surgical resi-
dents in a variety of open surgical procedures including
small bowel anastomosis, abdominal wall closure, and
flexor tendon repair.?® Grober at al studied bench-top
model training in urological microsurgery using both a
high-fidelity live rat vas deferens and a low-fidelity silicone
tubing model, demonstrating significant improvement in
skill over traditional didactic teaching,29 which persisted at
4-month follow-up.3? For the most part, bench-top models
have focused on and been shown to improve technical skills
in junior trainees; however, some models have shown to
improve skills in more senior trainees as well?4 suggesting
the utility of bench-top models across different levels of
training.

The importance of fidelity of bench-top models or level of
“realism” in terms of visual representation and tissue texture
has also been addressed.>! Low-fidelity models bear little
resemblance to actual human anatomy, whereas high-fidelity
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models aim to replicate human anatomy and tissue as closely
as possible. Regardless of model fidelity, it is crucial that
bench models replicate the critical steps of a given procedure.
Skill acquisition, for the most part, has been shown to be
equivalent for both low-fidelity and high-fidelity bench-top
models, with both levels of fidelity outperforming traditional
didactic teaching.?®2°3? However, a randomized controlled
trial by Sidhu et al demonstrated that model fidelity did have
an impact on skill acquisition, with those who trained on a
high-fidelity vascular anastomosis model outperforming the
low-fidelity trained group.33 This suggests that the impor-
tance of model fidelity may be procedure specific. Further
study is needed to help understand how fidelity impacts skill
acquisition.

The ultimate goal of surgical simulation is not simply the
acquisition of skill, but how well the skill training transfers to
the live operation. Several studies have used performance on
live anesthetized animals or cadaveric models as surrogates
for operative performance.”*?® Taking transfer one step
further, Datta et al compared saphenofemoral dissection
performance on a bench-top synthetic model to live perfor-
mance in the OR. They found that technical skill on the
laboratory model correlated very closely with live operative
performance, providing evidence that bench-top models
validly assess surgical technical ability.>* Also, Palter et al
showed that learning abdominal fascial closure on a low-
fidelity synthetic bench-top model translated into improved
technical performance in the OR.3?

There are several advantages to using bench-top models in
surgical education. They allow residents to achieve profi-
ciency through unlimited practice opportunities. As well,
they allow for improvement in training efficiency in the
operating room by learning some skills outside of the OR.
For example, a randomized controlled trial by Palter et al
demonstrated that training to proficiency on a low-fidelity
bench-top model allowed trainees to focus on other aspects
of learning while in the OR.3° Bench-top models also have the
advantage that they can often be made from inexpensive
synthetic materials and thus are more affordable in most
cases than VR models. Another benefit is that residents gain
familiarity with the same type of equipment they will be
using in the OR. From a practical standpoint, most open
procedures do not have a VR simulation available, and
cadaver or live animal models are expensive and not always
available.

From a global perspective, bench-top models have signifi-
cant appeal. Because many bench-top models can be made
inexpensively from synthetic materials, this modality of
teaching technical skills is more feasible for augmenting
training in developing countries with limited resources. Dor-
man et al demonstrated that low-fidelity bench-top simula-
tion training aided the training of general surgery residents in
Ethiopia with a feasible, cost-effective, and safe program.>®

Simulation for Laparoscopic Surgery

Much of the push for simulation in laparoscopic surgery
developed after the mass introduction of laparoscopic chole-
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cystectomy in the late 1980s and early 1990s. Many surgeons
were taking on this new skill without previous experience,
resulting in an increased risk in bile duct injury during the
early learning curve, with 90% of injuries occurring during the
first 30 cases.>” There are several technical challenges that are
faced when performing laparoscopic surgery. The surgeon
must operate with little tactile feedback, from a two-dimen-
sional image, with long instruments that move paradoxically
with hand movement. Simulation has offered the opportunity
to acquire laparoscopic skills in a safe environment outside of
the OR, placing surgeons farther along their learning curve
before operating on patients.38

Several simulation modalities are available for the acqui-
sition of laparoscopic skills. These vary from partial task
trainers that allow for the development of skills that are
common to many laparoscopic procedures (knot tying, sutur-
ing, clipping) to procedure-specific trainers that are intended
to teach entire operations such as a laparoscopic appendec-
tomy, cholecystectomy, and hysterectomy. They also vary in
their level of fidelity from inexpensive low-fidelity box train-
ers to high-fidelity VR simulators.

Low-Fidelity Laparoscopic Trainers

Gaining basic laparoscopic skills such as transferring an object,
cutting, and clipping are essential tasks and can be achieved
with the use of a very basic low-fidelity laparoscopic setup.
Basic training sets consist of a training box, laparoscopic
instruments, a camera, and light source. Khine et al have
demonstrated that a portable basic training box can be con-
structed easily and inexpensively with widely available mate-
rial using a high-definition webcam, plastic storage box, and
fluorescent light source.3® Furthermore, Kobayashi et al have
demonstrated construct validity and skill acquisition with this
type of portable, personal laparoscopic trainer.*’ With inter-
national work-week restrictions, the concept of an affordable,
portable “homemade” laparoscopic skills training box is ap-
pealing, making the acquisition of laparoscopic skills more
accessible for all trainees.

Several formal laparoscopic skills training models have
been developed. Perhaps one of the most established and
validated is the McGill Inanimate System for Training and
Evaluation of Laparoscopic Skills (MISTELS). Developed in
1998 by Fried’s group, this basic laparoscopic trainer sim-
ulates technical skills that are essential to the practice of
laparoscopic surgery and is made up of a box-trainer, which
uses laparoscopic instruments and a laparoscopic camera.*!
Tasks include peg transfer, pattern cutting, clipping and
dividing, placement of a ligating loop, placing and fixing a
mesh, and suturing with intra- and extracorporeal knots
(=Fig. 2). Performance is graded based on both precision
and speed. The initial study of the MISTELS demonstrated
evidence of construct validity with more experienced sur-
geons performing significantly better than their junior
counterparts.*! Evidence of construct validity has also
been demonstrated in specialties other than general sur-
gery such as urology and gynecology,“z’43 allowing the
MISTELS to be used in a variety of surgical training
programs.
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Figure 2 Basic laparoscopic skills tasks including peg transfer, intracorporeal suturing, placement of a ligating loop, and pattern cutting.

The value of laparoscopic box-training using the MISTELS
system has been established. Evidence of skill acquisition
has been demonstrated, showing that practice using the
MISTELS platform improves performance,** and that MIS-
TELS scores correlate with performance on both animal
models*® and live OR performance.*® Furthermore, a recent
randomized controlled trial by Sroka et al demonstrated
that skills acquired from MISTELS training transfer to OR
performance.*’ General surgery residents who were
trained using the MISTELS system had a statistically signif-
icant improvement over the untrained group in OR perfor-
mance, which was assessed during the dissection of the
gallbladder off the liver bed during an elective laparoscopic
cholecystectomy.

The MISTELS metrics have been extensively investigated
and have proven to be highly reliable and valid, in the range
acceptable for high stakes examinations.*® Furthermore, pass/
fail rates have been established.*® The robust psychometric
properties and the established passing score of the MISTELS
have allowed it to become the basis for the technical skills
component of the Fundamentals of Laparoscopic Surgery
(FLS) program. One of the greatest advantages of the MISTELS
system is its technical simplicity, affordability, and
portability.

Virtual Reality Laparoscopic Trainers

Virtual reality trainers for laparoscopic surgery exist as
partial task trainers that emphasize psychomotor skill acqui-
sition (MIST-VR) or as both partial task and full-procedure
trainers (LapSim, LAP Mentor) (=Fig. 3). Most VR systems
compute a score using time to completion and error measures
as indicators of performance.

Figure 3 LAP Mentor™ virtual reality platform. Image reproduced
with permission from Simbionix Inc. (Cleveland, OH).
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Partial Task Training

Construct validity for most VR simulators has been demon-
strated with experienced surgeons outperforming trainees
and nonsurgeons. Expert surgeons make fewer correctional
movements, are more efficient, and complete tasks fasters
than nonexperts.’°>* Performance parameters measured
with VR training have also been shown to strongly correlate
with OR performance.>®>® Furthermore, trials have demon-
strated decreased error and improved efficiency of trained
residents compared with nontrained control groups.”%>’
Several randomized controlled trials have investigated
whether skills learned on a VR trainer transfer to improved
operative performance. Seymour et al demonstrated that
surgical trainees randomized to MIST-VR training were 29%
faster at dissecting the gallbladder from the liver bed
(p > 0.05). Furthermore, the nontrained group was signifi-
cantly more likely to fail to progress, injure the gallbladder,
and burn nontarget tissue.”® Grantcharov et al also demon-
strated that skills transfer to the OR, showing that trainees
who were randomized to MIST-VR training subsequently
outperformed their nontrained counterparts during the dis-
section of gallbladder off the liver bed. The VR-trained group
was significantly faster than the control group and demon-
strated a significantly greater improvement in OR perfor-
mance in terms of economy of motion and error.>® Andreatta
et al in a randomized controlled trial allocated surgical
interns to VR training in basic skills on the LAP Mentor or
to no VR training. Performance was measured on a live
porcine model (as a surrogate for OR performance) and
demonstrated that the VR-trained group performed signifi-
cantly better than the untrained group in a variety of assessed
measures including accuracy and time.®0

Procedure Training

One of the first procedure-specific simulators was a VR
platform introduced by Delp et al and dates back to 1990. A
graphical interface allowed for the practice of simulated
tendon transfers and lengthening procedures to be per-
formed on a graphic-based lower extremity.®! Since that
time, significant advancements have been made in VR train-
ing. Some of the full-procedure models currently available
include laparoscopic cholecystectomy, appendectomy, sig-
moidectomy, ventral hernia, gastric bypass, and several gy-
necological procedures (~Fig. 4).

Most studies validating VR training have focused on basic
skills training rather than procedural training. One random-
ized controlled trial by Larsen et al trained the intervention
group using a full-procedure VR right-sided salpingectomy.
Performance of both the intervention group and control
group was then assessed during the candidates’ first live
salpingectomy. They found that the simulator-trained group
performed significantly better and in half the time compared
with the untrained group (p < 0.001) demonstrating the
benefit of procedural VR training.5?

Comparing Low-Fidelity Training to VR Training
A recent nonrandomized prospective trial by Beyer et al

compared LAP Mentor training, MISTELS training, and conven-
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Figure 4 A screenshot from the laparoscopic appendectomy module
from the LapSim® virtual reality platform. Image reproduced with
permission from Surgical Science Inc. (Minneapolis, MN).

tional training with the goal of assessing the impact of simula-
tion on operative performance as measured during a live
laparoscopic cholecystectomy.®® They demonstrated that the
LAP Mentor and MISTELS groups performed significantly better
than the control group suggesting that both modes of simulator
training resulted in improved operative performance with no
significant difference between LAP Mentor or MISTELS training.

Several systematic reviews have recently been published
looking at the effectiveness of surgical simulation in surgical
training with varying results. A systematic review by Suther-
land et al evaluated the effectiveness of various types of
surgical simulation and found that VR simulation training
resulted in better performance than no training; however, VR
training was not found to be consistently better than either
standard training (didactic teaching/training videos/surgical
drills) or laparoscopic box-training.* In contrast, a recent
Cochrane systematic review of VR training in surgical educa-
tion found that VR training, in comparison to standard
training, decreased operative time, increased accuracy, and
economy of movement in individuals with limited laparosco-
pic training. In parallel with Sutherland et al, they also found
that VR training was at least as effective as laparoscopic box-
training, and suggested VR training as a way to supplement
current training methods.®”

Although further evidence is needed to elucidate a clear
benefit of expensive high-fidelity VR trainers over inexpen-
sive, low-fidelity, box-trainers such as the MISTELS, several
advantages do exist. VR simulators eliminate the cost and
time commitment of human preceptors that are required to
assess performance using box-trainers by producing comput-
er-generated objective performance metrics.®® They can track
a trainee’s performance over time and compare their perfor-
mance with that of others. However, the metrics provided can
be difficult for the learner to interpret and thus limit the
usefulness of its formative feedback. Furthermore, the cost of
a VR system can be prohibitive with both the initial purchase
cost and ongoing maintenance fees.

Simulation for New Surgical Technologies

The acceleration of technological innovation in surgery con-
tinues with new techniques continually being introduced into



surgical practice. Although innovation in surgery is crucial for
the advancement of surgical practice, the introduction of new
methods requires that both surgeons in training and those in
practice safely and adequately learn new skills before operat-
ing on real patients. Simulation has the potential to provide a
learning milieu to develop these new skills. Examples include
single-incision laparoscopic surgery (SILS), natural orifice
transluminal endoscopy surgery (NOTES), and robotic
surgery.

Single-Incision Laparoscopic Surgery

Despite the rapid evolution of SILS in the general surgical
realm, little is known about the safest and best way for
surgeons to adopt this technique. The use of simulation to
help surgeons acquire this skill set has been limited. Recently,
Khandelwal et al published an approach to the adoption of
SILS using simulation-based training. They developed a SILS
simulator using a trainer box and surgical tasks based on the
FLS program. In addition to box-training, their program
involved performing a SILS cholecystectomy and appendec-
tomy on a live nonsurvival porcine model.®” The authors
describe a thoughtful curricular model for SILS training that
could be adopted by other institutions. A randomized trial by
Santos et al demonstrated that SILS-specific simulator train-
ing using FLS tasks resulted in improved SILS performance,68
providing evidence to support the use of simulation in the
acquisition of SILS skills.

Natural Orifice Transluminal Endoscopy Surgery
NOTES surgery is based on both traditional laparoscopic and
endoscopic principles and requires the collaborative acquisi-
tion of a unique skill set among endoscopists and minimally
invasive surgeons. Since the first published NOTES report
using a porcine model in 2004,%° much of the subsequent
development of this technology has occurred using porcine
models and some cadaveric models.”%~72 Up until recently, no
specialized NOTES training platform existed. The ELITE plat-
form (endoscopic-laparoscopic interdisciplinary training en-
tity) has now been introduced for the ex vivo training of
endoscopic, laparoscopic, and NOTES techniques such as
cholecystectomy, appendectomy, and other gastrointestinal
resections.”> The model consists of a life-size female adult
with various transluminal accesses and synthetic intraabdo-
minal organs. The ELITE is currently the only platform avail-
able for the acquisition of NOTES skills. Furthermore,
evidence of construct validity has been demonstrated with
expert endoscopists outperforming novices in terms of time
to completion during a simulated ELITE procedure.’® Training
on the ELITE platform has also been demonstrated to improve
the performance of a NOTES cholecystectomy using a porcine
model. ELITE-trained individuals complete the procedure in
less time and have fewer complications and difficulties than
their untrained counterparts.’>

Robotics

Over the past few years, robotic surgery has become more
widely adopted, especially in the area of urologic surgery.’®
Platforms simulating the da Vinci robot have been developed
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and are now commercial available. The dV-Trainer by Mimic
Technologies, Inc. (Seattle, WA) is a VR simulator that closely
replicates the look and feel of the da Vinci console allowing
trainees the opportunity to acquire robotic skills in a safe,
low-stakes environment. Several studies have demonstrated
evidence of face, content, and construct validity of the dV-
Trainer.”’~’° Furthermore, training on the dV-Trainer has
shown to result in improved robotic surgery performance.®°
A recent randomized control trial by Korets et al demonstrat-
ed that training on the dV-Trainer, as well as training on the
da Vinci console resulted in a significant improvement in
robotic performance measured by several surgical
parameters.?!

The RoSS (Robotic Surgery Simulator) by Simulated Surgi-
cal Systems, LLC, is another VR robotic system for the da Vinci
robot (=Fig. 5). This platform replicates the da Vinci console
and offers several surgical modules from basic skills to
advanced surgical tasks. Full procedures including radical
prostatectomy and hysterectomy are currently being devel-
oped and integrated into their system.82 The RoSS has dem-
onstrated evidence of both face®> and content validity.3*
Further validation of this system is currently underway.

Figure 5 The RoSS™ robotic simulator platform. Image reproduced with
permission from Simulated Surgical Systems, LLC (Williamsville, NY).

Clinics in Colon and Rectal Surgery  Vol. 25 No. 3/2012

161



162

Simulation in Surgical Education de Montbrun, MacRae

Simulation for Nontechnical Surgical Skills

Most simulation in surgical education has focused on techni-
cal skills. However, nontechnical skills are essential to be-
come a globally competent surgeon and simulation has been
used for both teaching and assessing these skills. The Accred-
itation Council for Graduate Medical Education (ACGME) has
defined the requisite components of medical competence.
Two of these core competencies include professionalism and
communication skills.

Standardized Patients

Standardized patients (SP) and standardized family members
fall under the umbrella of simulation and have been incorpo-
rated into surgical training as a means to teach and evaluate
nontechnical skills.

Yudkowsky et al developed an Objective Structured Clini-
cal Exam (OSCE) to assess surgical residents’ communication
skills using SPs to simulate patient encounters. Residents
were faced with several communication tasks such as deliv-
ering bad news, providing counseling and providing informed
consent. The authors highlight the importance of this method
of simulation as formative feedback where residents are given
the opportunity to learn and reflect on their communication
skills.3¢ The use of SPs in a plastic surgery OSCE has been
shown to be an effective educational tool with the ability to
provide comprehensive and meaningful feedback to trainees
on professionalism and interpersonal communication.®’

In addition to SPs, standardized family members have been
used to simulate nontechnical skills scenarios. A randomized
trial by Barrios et al investigated the communication skills of
general surgery residents using simulation. A mock OR was
used in which residents performed a laparoscopic cholecys-
tectomy on a VR simulator. Residents were presented with
either an iatrogenic common bile duct injury or the incidental
finding of metastatic gallbladder cancer and required to
deliver the news to a standardized family member. They
found that residents were not well prepared to handle these
difficult conversations and suggested simulation as a modal-
ity to improve communication skills in disclosing difficult
information.®® Simulated family members were also used by
Chipman et al who developed an OSCE for general surgery
residents to practice and receive feedback on delivering bad
news. Scenarios involved disclosing a terminal diagnosis and
disclosing a surgical complication.? Further study of this tool
has demonstrated initial evidence of reliability; however,
evidence of validity remains to be established.’®

Crisis Resource Management and Team Training

Patient safety relies on the effective and efficient coordination
among all health care professionals within the OR environ-
ment. Teamwork, communication, leadership, and judgment
are all important factors in the success of an operation. The
presence of multiple experts in the OR does not necessarily
translate into expert team functioning. Furthermore, signifi-
cant discrepancies exist in the perception of teamwork within
the OR. A study by Makary et al found that surgeons were
more likely to rate the teamwork of others as good, whereas
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nurses perceived teamwork as only mediocre.’’ An increased
awareness has arisen within the surgical community for the
need to improve OR team training. Simulation is an ideal
platform to meet this learning need.

Crew resource management, later referred to as crisis
resource management (CRM) training was initially developed
within the aviation industry after the realization that human
factors, such as failed interpersonal communication, decision
making, and leadership, were the leading cause of aviation
error.”? It was realized that flight crews needed to flatten the
hierarchy, empower juniors to voice concerns, and teach
senior members to respect these perspectives to improve
the safety and efficiency of the team.®® Team training and
CRM focuses on the development of skills such as dynamic
decision making, interpersonal behavior, and team manage-
ment during both ordinary and crisis situations.>* The prin-
ciples of CRM have been applied to several domains of
medicine including anesthesia, emergency medicine, critical
care, and surgery.®* A recent systematic review looking at
teamwork training by Zeltser and Nash found that anesthesia
and surgery were the two most common specialties employ-
ing CRM training.95

Moorthy et al?® developed and evaluated a surgical crisis
scenario using simulation. Surgical trainees were faced with a
bleeding crisis during the performance of a saphenofemoral
ligation on a bench-top model in a simulated OR. Trainees
were assessed both on technical and nontechnical skills
including communication skills, situation awareness, team
skills, leadership skills, and decision making. Although non-
technical skills did not demonstrate evidence of construct
validity, the feasibility and realism of simulation-based team
training was established.

The ultimate goal of team training is to improve patient
care by improving team functioning. A recent study by Capella
et al demonstrated that team training using simulation not
only improves team performance, but also results in im-
proved patient care.”’ This pretraining/ posttraining study
included surgical residents, faculty surgeons, and emergency
department nurses. Team functioning was assessed in the
trauma bay both before and after didactic and simulation-
based team training. Team performance parameters includ-
ing leadership, situation monitoring, mutual support, and
communication improved significantly following training.
Improved team functioning seemed to translate into better
patient care by demonstrating a significantly improved time
from arrival to intubation, computed tomography scan, and
OR.

The potential of team training is only starting to be
realized and its incorporation into surgical training is sure
to grow as evidence of reliability and validity of the training
and assessment of CRM are further established.

Conclusions

The ethical concern of learning a surgical craft on patients,
financial constraints of the health care system, and work hour
restrictions have required a change in the pedagogical ap-
proach to surgical training. The traditional model of training



relied on the acquisition of surgical skills through an appren-
ticeship model. With advancement in our understanding of
psychomotor skill learning and the development of validated
simulation models, much of the early learning of surgical
skills can occur in a laboratory setting. Simulation, in its
various modalities, has dramatically changed the face of
surgical education over the past decade by providing a
platform for the acquisition of both technical and nontechni-
cal surgical skills.
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