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Abstract

Purpose of Review Our review aims to describe the use of

simulation-based training throughout the continuum of

surgical education.

Recent Findings In addition to well-known procedural-

based surgical simulation modalities like the Fundamentals

of Laparoscopic Surgery and Fundamentals of Endoscopic

Surgery, there are several novel uses of simulation

including its use for preparing medical students for surgical

residency, resident interviews and onboarding, residency

training, mental skills training, and continuing education

for practicing surgeons.

Summary Simulation is a cost effective and useful method

to improve trainee exposure and confidence to execute

technical and nontechnical skills throughout the surgical

career. There is clearly a role for simulation-based training

with medical students, residents, and practicing surgeons to

optimize performance through deliberate practice of skills

in a safe environment. Due to the evolution of surgical

techniques and an increased emphasis for proficiency-

based training and certification of skills, simulation will

play an increasingly integral role in surgical education.

Keywords Simulation � Surgical training � Mental skills

Introduction

The environment of surgical education has changed dra-

matically over the past few decades as duty hour limita-

tions and changes in surgical practice patterns have led to

significantly diminished autonomy, and thus, reduced

experience in the operating room [1, 2]. As a result of this,

modern residents have fewer opportunities to hone their

surgical skills, resulting in residents feeling unprepared for

independent practice upon graduation [3]. One proposed

method for addressing these limitations in resident expo-

sure and training is through the use of simulation. Simu-

lation has been shown to be successful in improving

practice and creating measurable technical and nontechni-

cal performance standards for surgical trainees [4, 5], and

is increasingly being used throughout the career of the

physician to prevent arrested skill development, as well as

perfect new techniques and improve teaching abilities and

other important competencies.

Surgical simulation training, which includes benchtop

trainers, animal models, fully-simulated operating rooms,

and virtual reality simulators, has been identified as an

effective method of enhancing surgeons’ surgical skills, as

it affords learners an opportunity to learn and refine non-

technical and technical skills by practicing advanced

patient care scenarios prior to confronting comparable sit-

uations in the clinical environment [6–8]. Expertise in any

domain cannot be distilled as the product of innate ability

or experience alone, rather, is the result of deliberate efforts
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to practice skills and improve [9]. For surgeons, expert

performance is defined, in part, as being highly sensitive to

and anticipatory of technical and cognitive errors, flexible

to correct any identified errors, having the ability to rec-

ognize patterns (e.g., anatomical, diagnostic, etc.) quickly

with limited information, and having highly developed fine

motor skills, among other factors [10]. These hallmarks of

surgical expertise are developed through the same process

of extensive experience, deliberate practice, and study.

Through the deliberate practice afforded through simula-

tion, learners can hone their technical and nontechnical

surgical skills without endangering patients. Furthermore,

surgical simulation also can provide exposure to rare but

critical clinical conditions, and allows faculty to assess

learners’ surgical skill competency prior to performing

these skills on patients [11]. Thus, simulation is clearly a

modality that should be widely adopted and implemented

throughout all levels of surgical education. The goal of this

review is to provide an overview of how simulation

training has been implemented throughout the continuum

of surgical education from preparing medical students for

surgical training to maintenance of proficiency as a prac-

ticing surgeon.

Selection and Onboarding into Residency

Simulation to Prepare Medical Students for Surgical

Training

Particularly for medical students, high-fidelity simulation is

a teaching modality that can allow students to engage in the

practice of medicine without endangering patients, which

can help them learn how to manage and care for ill patients

before they encounter these situations as residents [6].

Accordingly, the American College of Surgeons (ACS) and

the Association for Surgical Education (ASE) acknowl-

edged the importance of developing a simulation-based

surgical skills modular curriculum for medical students

(i.e., 1–3 years) to enable them to develop basic surgical

examination and procedural skills [12•]. Using feedback

from Clerkship Directors and fourth-year medical students,

the ACS/ASE task force developed a free and publicly

available 25 model curriculum spreading over 3 years

focusing on skills training in communication, basic

examinations, and more advanced skills such as chest tube

placement and laparoscopy [13•, 14].

Selection into Surgical Residency

There has also been an increasing amount of attention on

using simulation as a potential screening tool for medical

students planning on entering surgical training [15, 16•].

Not only can simulation offer a unique opportunity for

residency program decision makers to gain insight into

applicant competencies and skills by placing them in sce-

narios or task environments that mimic those in residency,

but participating in these simulations may also provide

applicants with a realistic preview of what is expected of

the specialty and/or program. Work conducted by national

organizations [17•] has shown that Program Directors see

value in the use of simulation for selection as it allows an

opportunity to assess critical nontechnical competencies,

such as receptivity to feedback, communication, leader-

ship, and decision making. In this study, students similarly

expressed value in simulation as a screening methodology,

indicating that it could provide them with insight into a

program’s values and attitudes towards teaching, but also

provides them with an opportunity to demonstrate their

skills. With agreement on its value from stakeholders on

both sides of the screening process, simulation is likely to

play an increasing role in selection decisions in years to

come.

Intern Boot Camps

For those who do enter surgical training, simulation may

also be able to reduce the learning curve from medical

school to surgical residency. Okusanya et al. developed a

pre-surgical internship ‘‘boot camp’’ that featured simula-

tion-based technical skills training that emphasized the

significance of patient safety and the consideration of

treatment benefits, risks, and care alternatives, as well as

team-based clinical scenario simulations increasing in

difficulty over the course of 5 days [18]. Upon completion,

medical students were significantly more confident in their

medical management and technical skills, particularly for

high-risk, rarely performed cases. Similarly, residents who

participated in the course displayed sustained confidence in

their technical skills over time. The Fundamentals of Sur-

gery curriculum is a similar pre-internship simulation-

based training program developed through a collaborative

effort by the ACS, ASE, and Association of Program

Directors in Surgery (APDS) [19••]. This robust, simula-

tion-based curriculum focuses on teaching students about

surgical patient care, technical skills (e.g., basic laparo-

scopy, bedside procedures, open surgery, etc.), interper-

sonal skills and communication, professionalism, and

system-based practice (e.g., utilizing the medical record)

[20]. In a 2013 study, Krajewski and colleagues imple-

mented a 2-month simulation-based boot camp with gen-

eral surgery interns that combined the Fundamentals of

Surgery curriculum with simulation focused on teaching

and assessing interns’ preoperative evaluation, postopera-

tive management of clinical issues, procedural skills, and

management of simulated patients on high-fidelity
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simulators [21]. Compared to historical controls who had

not undergone a simulation-based skills boot camp, interns

who had participated in the boot camp were rated higher at

several elements of patient care by nursing staff and faculty

and had significantly higher American Board of Surgery In-

Training Examination (ABSITE) scores.

Boot camps may not only bridge the learning gap

between medical school and residency, but may also be

useful in identifying the areas for skill remediation. Fer-

nandez et al. developed an intensive intern preparatory

course and implemented it with 30 general surgery interns

over a 4-year period [22]. Utilizing procedural skills lab

sessions, simulated patient encounters, or a combination of

the two modalities, this course taught and tested interns’

surgical skills in eight areas such as instrument identifica-

tion and use, suturing and knot tying, laparoscopic skills,

and cardiopulmonary resuscitation skills. Poor boot camp

performance scores were correlated with clinical perfor-

mance evaluations, suggesting that intern boot camps can

be utilized to identify areas for skill remediation and fur-

ther simulated practice prior to allowing interns to perform

these skills in the clinical arena.

Simulation in Training and Assessing Residents

Simulation for Surgical Skill Mastery

In regard to surgical resident education, simulation plays a

significant role in skill mastery. Simulation is proving to be

a safe and effective method to address some of the issues of

inadequate operative exposure in current resident training;

allowing residents to practice skills deliberately and safely

[1, 2]. In an effort to address some of the issues with res-

ident operative training and standardize simulation training

for residents on the national level, the ACS and APDS

assembled a group of surgical education experts to develop

a peer-reviewed comprehensive, simulation-based training

curriculum [4]. The resulting surgery resident skills cur-

riculum consists of three phases of modular education,

which focuses on teaching surgical residents basic/core

surgical skills, advanced surgical skills, and team-based

skills (Table 1) [5]. We will review the use of simulation in

each of these phases.

General Characteristics of Simulation-Based Skills

Training

Aside from the ACS/APDS national simulation curriculum,

the efforts to develop simulation-based training curricula

have been largely uncoordinated, with no consistent

methodology to developing simulation-based training cur-

ricula, despite the fact that over the past 2 decades,

simulation-based training has developed into an integral

element of surgical education [23••]. Although there are

many different simulation curricula available, in general,

simulation curricula should involve knowledge-based

learning as well as deconstruction of the procedure into its

various components accompanied by skills training

[24–26]. In their systematic review of simulation-based

surgical skills training curricula, Stefanidis and colleagues

identified critical elements of curricular design for simu-

lation-based training, which include proficiency-based

learning (i.e., training to expert-level benchmarks), dis-

tributed training (i.e., multiple training sessions over time),

training to automaticity (i.e., learning which results in

reduced attentional demands during performance), and

deliberate practice [23••]. The effectiveness of simulation-

based training should therefore be evaluated based on

whether it incorporates these elements. Our review of these

methods is by no means exhaustive but is meant to high-

light some of the curricula that have been validated and

more widely utilized.

Phases I and II: Core and Advanced Technical Skills

Suturing and Knot Tying

One of the earliest uses of simulation in surgical training

was knot tying; what was once simply a board and suture

has evolved to be even more effective when integrated into

a curriculum. In 2007, the University of Texas South-

western (UTSW) created a proficiency-based curriculum

focused on 12 core open surgical skills including instru-

ment handling, 1- and 2-handed knots, and basic suturing

techniques [27]. They utilized inexpensive and readily

available materials to create a cost effective curriculum,

which has been shown to have construct validity, with

residents reporting greater confidence and improved per-

formance after completion [28]. Furthermore, an interme-

diate knot tying and suturing curriculum was developed

that used six more advanced procedures such as tying and

suturing at depth, stick tie, and atraumatic tie [29]. Suc-

cessfully implemented at outside institutions, this curricu-

lum resulted in performance levels by first-year residents

equal to, and, at times, superior to, senior-level residents on

these intermediate skills [30•].

Central Line Placement

Simulation has also been commonly used to train residents

how to place central lines. Studies have shown that simu-

lation training reduces central line-associated bloodstream

infections [31, 32] and results in fewer needle passes and

higher reported confidence by operators [31]. These initial

findings are supported by a more recent systematic review
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showing that residents trained in central line placement

using simulation have fewer needle passes and subse-

quently fewer pneumothoraces, as well as better knowledge

of the procedure and greater confidence in their ability to

perform it [33].

Laparoscopic Skills

One of the benefits of simulation is the ability to educate

residents safely in an environment where they can learn

from their mistakes without negatively impacting patient

safety. With an ever-increasing breadth of surgeries being

performed laparoscopically, the use of simulation is

becoming ever more important. In order to ensure a min-

imum standard of care for all surgeons performing

laparoscopic surgery, starting in 2009, the ABS required

that all residents pass the Fundamentals of Laparoscopic

Surgery (FLS) exam prior to sitting for the ABS exam. FLS

certification requires that residents pass both a written

multiple choice exam that tests key knowledge points, as

well as a proctored manual skills exam. This exam evalu-

ates residents’ performance on five basic laparoscopic

skills in a laparoscopic box trainer. These skills assess-

ments were developed by Fried and colleagues [34] and are

shown to correlate with intraoperative technical skills rat-

ings during actual laparoscopic procedures [34–36].

Table 1 ACS/APDS surgery resident skills curriculum. Data from American College of Surgeons. ACS/APDS surgery resident skills cur-

riculum. Available at:https://www.facs.org/education/program/apds-resident. Accessed March 25, 2017

1. Asepsis techniques and 
instrument identification

 2. Knot tying
 3. Sutures and suturing 

techniques
 4. Design, elevation, and 

transposition of skin flaps
 5. Advanced tissue handling: skin 

flaps 
 6. Advanced tissue handling: skin 

grafts
 7. Urethral catheterization
 8. Chest tube insertion
 9. Central line placement

seuqinhcetyspoiblacigruS.01
11.  Laparotomy opening and 

closure
12. Basic laparoscopy skills

• Hand eye coordination and 
depth perception 

• Manipulation of instruments 
• Grasping and transferring of 

objects
• Use of laparoscopic scissors, 

endoloop, and other 
instruments

slliksypocsorapaldecnavdA.31
• Interrupted and continuous 

laparoscopic suturing and 
intracorporeal knot-tying

14. Hand-sewn bowel 
anastomosis

15. Stapled bowel anastomosis
16. Arterial anastomosis

Phase I: Core Skills

 1. Laparoscopic ventral hernia 
repair

 2. Open colon resection and 
laparoscopic right 
hemicolectomy

 3. Laparoscopic sigmoid 
colectomy

 4. Open right hemicolectomy
 5. Laparoscopic and open bile 

duct exploration
 6. Porcine laparoscopic ventral/ 

incisional hernia repair
 7. Laparoscopic appendectomy
 8. Laparoscopic Nissen 

fundoplication 
 9. Sentinel node biopsy and 

axillary lymph node dissection 
 10. Open inguinal/femoral hernia 

repair
 11. Laparoscopic inguinal hernia 

repair 
 12. Laparoscopic/open 

splenectomy
 13. Laparoscopic/open 

cholecystectomy
 14. Gastric resection and peptic 

ulcer disease
 15. Parathyroidectomy and 

thyroidectomy 

Phase 2: Advanced Procedures

 1. Teamwork in the trauma bay
 2. Postoperative hypotension 
 3. Laparoscopic crisis
 4. Preoperative briefing 
 5. Laparoscopic troubleshooting
 6. Postoperative pulmonary 

embolus 
 7. Postoperative MI (cardiogenic 

shock)
 8. Latex allergy anaphylaxis
 9. Patient handoff

potsopnoegnopsdeniateR.01
chest x-ray

Phase 3: Team-Based Skills

MI myocardial infarction
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The Society of American Gastrointestinal Endoscopic

Surgery (SAGES) subsequently created a committee to

develop educational materials and curricula to teach these

fundamental laparoscopic skills. The FLS curriculum,

launched in 2004, is a reliable program with construct and

predictive validity, that results in improved performance as

well as retention of learned laparoscopic skills [34–37].

Residents trained with simulation show greater improve-

ment in operative performance compared to those who did

not receive simulation training [36], and systematic

reviews have shown better performance in both laparo-

scopic and endoscopic skills in simulation-trained residents

compared to their counterparts [38•, 39]. Furthermore, the

proficiency-based curriculum for the five FLS exercises

showed that residents who trained to proficiency had a

100% pass rate on the technical skills portion of the FLS

exam, with skill retention at 1-year follow-up [40–42].

Although there remains some debate over whether basic

box trainers or virtual reality trainers are superior, a 2013

Cochrane review concluded that, although there is limited

evidence, VR trainers may be superior to box trainers;

however, any form of simulation is superior to none [43].

The ability to pass FLS has been shown to be closely linked

with operative performance, to the point that FLS is con-

sidered a benchmark for patient safety by malpractice

insurers [44].

Endoscopic Skills

Colonoscopies can comprise up to 40% of the procedures

performed by rural surgeons [45], and were recently

identified as the most common procedure performed by

general surgeons [46]. In response to the concern for

inadequate exposure in endoscopic procedures, the Resi-

dency Review Committee (RRC) increased the number of

upper and lower endoscopies required for resident gradu-

ation [47]. To ensure that residents receive the same

training despite differences in exposure, the ABS, in con-

junction with SAGES, the American Society of Colon and

Rectal Surgeons (ASCRS), the American Society for

Metabolic and Bariatric Surgery (ASMBS), and the Society

for Surgery of the Alimentary Tract (SSAT), developed the

Flexible Endoscopy Curriculum (FEC). The FEC consists

of two parts: the first part involves 12 web-based didactic

sessions as well as hands-on simulation practice, and sec-

ond part involves completion of the Fundamentals of

Endoscopic Surgery (FES) certification exam. Starting with

the 2017–2018 academic year, all residents are required to

pass the FES exam in order to be eligible to sit for board

certification [48]. FES is the culmination of FEC, it was

designed similarly to FLS and has undergone a similar

validation process [49•, 50, 51]. The FES examination

involves both cognitive and skills assessment, with an

80-question web-based exam and a technical skills exam

consisting of five simulation exercises on the GI mentor

(Simbionix USA, Cleveland, OH, USA) endoscopy simu-

lator. These five simulation exercises deconstruct the skills

required to perform flexible endoscopy (Table 2) [50] and

the ability to complete them safely has been associated

with improved performance [51–53].

Various curricula have been created to ensure compe-

tency as measured by the FES examination. For example,

Surgical Training for Endoscopic Proficiency (STEP) has

been created by SAGES in partnership with Olympus

America. STEP provides residency programs with a com-

bination of didactic and hands-on training resources, in

addition to assessment forms. Similar to FES, STEP

deconstructs the basic skills of endoscopy and provides

trainees with an opportunity to gain proficiency on these

skills, which is crucial since trainees cannot have exposure

to the actual scenarios until the exam [49•, 50, 52]. More

recent curricula have been developed as well, such as the

mastery learning curriculum developed by Ritter et al. [54•]

using the Endoscopy Training System (ETS). Preliminary

work done by this research group has demonstrated a 100%

pass rate among trainees who have completed the cur-

riculum. The skills gained through simulation for laparo-

scopic and endoscopic performance have been shown to be

as effective as patient-based training [55] and have been

found to result in skills transfer to the operating room

setting [38•].

Use of Simulation in Robotics

With increasing demand for robotic surgery, there has been

a similar drive to answer the question ‘‘how do we ade-

quately train people to perform robotic surgery?’’ There

have been multiple proficiency-based robotic surgery cur-

ricula developed over the past few years; however, no one

program has yet been endorsed for robotics as programs

have been for FLS and FES. Dulan and colleagues

deconstructed robotic skills and developed a curriculum

Table 2 Deconstructed skills required to perform flexible GI

endoscopy

Scope navigation

• Tip deflection

• Scope traversal

• Torque
• Use of 2-handed technique

Loop reduction

Retroflexion

Traversing a sphincter

Management of insufflation

Targeting
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that combines online sessions with nine inanimate exer-

cises (5 tasks derived from FLS and 4 novel robotic tasks)

with objective metrics; [56] this curriculum has been found

to be educationally beneficial as well as reliable, valid, and

feasible for proficiency training [57, 58]. Currently,

SAGES is in the process of developing a Fundamentals of

Robotic Surgery (FRS) curriculum, which is expected to be

released in the next several months.

Simulation in Training for Open Surgery

With increasing breadth of operations available and

advancements in laparoscopy and endoscopy, true open

surgery is becoming increasingly rare. In 2010, one study

estimated that between 1993 and 2007, there was a dra-

matic increase in percutaneous and endovascular proce-

dures and an associated 30–70% decline in the number of

open gastrointestinal and vascular cases [59]. Despite the

detrimental effect that this lack of experience may have on

patient care and resident development, there has been little

focus on developing open simulation models for training

outside of trauma. A 2010 systematic review of random-

ized controlled trials assessing simulation training, found

that only 1 of 30 included studies was focused on open

surgical simulation [6]. Similarly, a 2013 systematic

review of open surgical simulation in residency training by

Fonseca and colleagues revealed few studies focused on

open simulation, the majority of which were focused on a

specific, basic process and did not involve more complex

open procedures [60].

The use of simulation in trauma is not new however, as

the Advanced Surgical Skills for Exposure in Trauma

(ASSET) curriculum has been around since 2005. This

course uses human cadavers to teach senior residents how

to best gain exposure in trauma. Trainees generally report

high satisfaction and confidence following these courses

[61, 62]. Similarly, the Advanced Trauma Operative

Management (ATOM) course was designed to teach senior

residents how to deal with penetrating trauma injuries

using a porcine model. Again, trainees reported greater

confidence following training [63, 64]. The success of

trauma models for open training suggests that there may be

benefit to developing high-fidelity models for complex

open surgical training.

Phase 3: Team-based Skills

Team-based skills training, such as interpersonal commu-

nication and leadership skills, have received increased

attention in surgical education and have been shown to be

an integral element of simulation-based surgical skills

training. The ACS/APDS surgery resident skills curriculum

has integrated team-based skills as a distinct phase within

the curriculum, focusing on teaching residents how to

execute team-based skills such as handoffs, preoperative

briefing/checklists, and interpersonal communication,

effectively [4, 5]. Despite being more difficult to measure,

these aspects of team-based skills all have a role within the

ACS/APDS surgical skills curriculum and all are enhanced

with simulation-based training [65–67]. Arriaga et al.

found that surgical teams who were trained to manage

trauma patients by utilizing a preoperative checklist during

simulated crisis scenarios performed significantly better

than they had when checklists were not available [65].

Telem et al. found that patient care order entry and com-

munication could be improved through the use of a novel

handoff training curriculum using simulation [66]. Fol-

lowing simulated scenarios, there was a decrease in order

entry errors, and participating residents felt this training

addressed important clinical deficiencies. Teamwork

training through simulation has also proven to have posi-

tive effect on the performance of surgical teams. In an

effort to help surgical trainees, faculty, and nurses develop

effective teamwork during trauma patient management,

Capella et al. implemented the team strategies and tools to

enhance performance and patient safety (TeamSTEPPS)

curriculum (https://www.ahrq.gov/teamstepps/index.html),

supplemented with simulated trauma scenarios with sur-

gical teams [67]. The TeamSTEPPS curriculum aims to

enhance patient safety by optimizing surgical team com-

munication during crisis scenarios. The researchers found

that TeamSTEPPS was effective at enhancing participants’

leadership, communication, situation monitoring, mutual

support, and improved efficiency in the trauma bay. It is

clear that simulation training is a useful training tool to

help surgical trainees optimize their team-based nontech-

nical skills. Furthermore, simulation training may be

effective at helping trainees integrate nontechnical strate-

gies to optimize their individual performance as well.

Individual Skills

Through simulation training, surgical educators have

recently begun implementing individual-based nontechni-

cal skills to supplement trainees’ simulation training and

optimize their surgical performance. Mental imagery, the

process of mentally rehearsing a task in the absence of

explicit physical movement, can be used to cognitively

practice an action before an actual performance [68]. Arora

et al. developed a guided mental imagery protocol to

implement with experienced and novice surgeons, and

found that it was effective at enhancing participants’

knowledge and confidence to perform a laparoscopic

cholecystectomy. In a follow-up randomized-controlled

study, the authors implemented mental imagery with

novice surgeons prior to virtual reality laparoscopic
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cholecystectomy simulation training and found that ima-

gery-trained participants significantly outperformed con-

trols (i.e., who received only simulation training) on

objective measures of surgical performance [69]. The

authors concluded that mental imagery may be a cost- and

time-effective strategy to supplement surgical simulation

training. Aside from mental imagery, though, there may be

other mental skills that can be implemented during surgical

simulation training to optimize trainee performance.

Recently, there have been attempts to implement a more

comprehensive mental skills curriculum (MSC) with sur-

gical novices to reduce the variability in their surgical

performance and help them perform at a consistently

higher level [70•, 71•]. Since stress has been identified as a

significant barrier to surgical performance, particularly for

inexperienced surgeons, this comprehensive curriculum

was designed to help novices manage stress effectively

[72]. This comprehensive MSC, which taught novices

several mental skills including mental imagery, energy and

attention management strategies, goal setting, performance

routines, and refocusing strategies, was implemented dur-

ing participants’ FLS training to help learners crystalize

these skills as habits for surgical performance [70•, 71•].

Upon completion of the MSC, participants displayed sig-

nificantly enhanced laparoscopic performance and

increased use of mental skills. Also, despite experiencing

significantly heightened physiological arousal during a

transfer test of performance to the simulated clinical

environment, participants reported no appreciable increase

in perceived stress, indicating that they felt a sense of

control over their stress during the transfer test [70•]. In a

follow-up randomized-controlled trial, this MSC was again

implemented with surgical novices and the MSC-trained

group displayed significantly improved mental skills use

from baseline to posttest and demonstrated higher laparo-

scopic skill improvement than controls during a laparo-

scopic suturing retention test despite having similar skills

at baseline [71•]. Based on these results, it is clear that

individual-based nontechnical skills, like mental imagery

and other mental skills, can enhance trainees’ surgical

performance when implemented during simulation

training.

Ongoing Professional Development

In addition to educating medical students and surgical

residents, simulation training can also offer benefits to

experienced surgeons’ continuing professional develop-

ment. As previously discussed, surgical simulation

modalities afford learners the opportunity to engage in

deliberate practice [8] which can allow experienced sur-

geons to continue to develop and improve as a function of

continued skill and advanced cognitive process (e.g.,

problem solving and decision making) refinement, as well

as prevent arrested skill development or skill decay [73].

Feedback is an integral method of performance optimiza-

tion, even for experienced performers, and can highlight

positive areas of performance that should be replicated or

identify deficient mechanics of skills that require

improvement.

Coaching Curricula

Augmented feedback, which consists of information

provided by an external source that supplements intrinsic

feedback, can serve to motivate a performer to sustain

effort in practice, identify errors, and provide methods to

correct undesirable performance [74]. One example of

this is coaching, which consists of a collaborative rela-

tionship between mentors and learners where the mentors

provide augmented feedback to the learners to empower

them to achieve improved performance through self-di-

rected learning and growth [75]. Simulation training gives

surgical educators methods of coaching and enhancing the

performance of surgeons of all experience levels, and

offers experienced surgeons an opportunity to engage in

continuing education to prevent arrested skill

development.

Traditionally, surgical skills coaching curricula have

been implemented with practicing surgeons in the clinical

environment in a peer mentorship model [76•]. This model,

however, does not allow surgeons to engage in deliberate

practice to implement the augmented feedback they receive

to safely develop these deficient skills into habits for sur-

gical performance. Implementing surgical coaching during

surgical simulation training may address this issue. Ste-

fanidis et al. developed a coaching curriculum to enhance

the performance of practicing general surgeons and gyne-

cologists, consisting of video review, peer mentoring, and

simulated technical and nontechnical skills training with

coaching [77•]. The simulated technical (i.e., FLS) and

nontechnical skills training (i.e., managing intraoperative

disruptions) gave the coaches an effective method of

assessing and providing feedback to participating surgeons

on how to improve their skills. Participants rated the

coaching curriculum as highly valuable. Thus, coaching

through simulation may be an effective strategy to provide

continuing education for practicing surgeons.

Faculty Development

Surgical training is an integral element of surgical faculty’s

responsibility, yet the development of optimal methods to

educate trainees has been slow in comparison to other areas

of surgical education [78]. Recently, there have been
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attempts to ‘‘train the trainer’’ to standardize the instruction

provided to surgical trainees during procedural-based

simulation training, to ensure that trainees are consistently

exposed to the most effective instructional methods pos-

sible [79•]. Mackenzie et al. studied the effectiveness of a

2-day training course for expert colorectal laparoscopic

surgeons teaching laparoscopic skills to learners through

simulation training, and found that this course improved

expert teaching strategies by providing a structured training

framework that the trainers took back to their native

institutions, which ultimately reduced the learning curve of

laparoscopic skills for the learners at their institution. This

work supports the concept that ‘‘how’’ to teach can be

learned and that trainees may benefit from improved fac-

ulty training as well [80••].

Multidisciplinary Training and Team-based Skills

Finally, simulation can also be extremely effective in

teaching surgeons and staff how to work together. Research

has shown that poor intraoperative teamwork is among the

leading causes of intraoperative errors, which can result in

poor patient outcomes [81]. Since surgeons are the leaders

of the surgical team, it is necessary to ensure that surgeons’

teamwork and communication is at the highest possible

standard to avoid communication and associated perfor-

mance errors [82•]. Scenario-based simulation training may

be an effective tool to enhance practicing surgeons’ com-

munication and teamwork skills, better preparing them to

manage the demands of crisis scenarios. Steinemann et al.

developed an in situ team-training curriculum that featured

a 1-h pre-simulation online presentation, and a 3-h simu-

lation session on a patient simulator with didactic educa-

tion that focused on teaching participants communication

skills during a simulated trauma scenario [83]. The results

demonstrated that this multidisciplinary teamwork training

curriculum was effective at significantly enhancing trauma

team teamwork and communication, and clinical task

efficiency and performance. Arriaga et al. developed a

standardized operating room teamwork curriculum that

focused on teaching principles related to using the World

Health Organization Surgical Safety Checklist, communi-

cation, and assertiveness. They implemented it with sur-

gical teams at four participating simulation programs [84•].

The teams then participated in simulated intraoperative

emergency scenarios. The researchers found that the

majority of participants indicated that the scenarios were

challenging, realistic, salient to their practice, and would

help them provide more effective patient care. Teamwork

and communication skills training may be feasible to

execute through simulated emergency scenarios, which can

be valuable to practicing surgeons.

Conclusions

Simulation, which began in surgery as an innovative

method for teaching skills needed for new technologies,

has become a crucial (and even required) [85] methodology

for developing and polishing skills and competencies of

surgeons at all stages of their career. Medical students are

exposed to surgical simulation curricula as early as their

second year; this exposure only increases as students

require more hands-on skills for the clinical portion of their

training. Simulation may be used for selection and

onboarding into residency programs, and then may become

a frequent methodology for training, diagnosing, and

assessing a wide array of competencies during training.

Once nearing the end of formal training, simulation offers a

venue for required high-stakes assessments, such as FLS

and FES. Surgeons in practice have multiple opportunities

to hone and polish skills through simulation as well,

through ongoing skill development with peer coaches,

faculty development initiatives around teaching, team-

training opportunities, and beyond. Thus, simulation plays

a critical role throughout the life of a surgeon. In light of

the ever-changing training environment, where technolo-

gies and techniques continue to expand and the focus on

competency-based training and certification continues to

grow, it appears that the use of simulation to increase

exposure and proficiency will only continue and that sim-

ulation is likely to play an even larger role throughout a

surgeon’s career.
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