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Background

For a number of years, simulators have been used in aviation, nuclear power, military
flight operations and other industries as a training tool and method to assess performance. Their
use is nearly universal in high reliability organizations.1 Recently the use of simulation in
medicine has increased markedly, in part due to greater awareness of the importance of patient
safety.

Defined broadly, a simulator replicates a task environment with sufficient realism to
serve a desired purpose.1 In medical training, simulators can substitute for actual patients and can
be as simple as utilizing pigs’ feet to practice suturing, or as complex as virtual reality machines
and re-creations of actual clinical environments for surgeons, radiologists and anesthesiologists.
In a general sense, they improve patient safety by allowing physicians to become better trained
without putting patients at risk. For example, in a randomized controlled trial, Peugnet and
colleagues used a virtual reality simulator to train physicians to perform retinal photocoagulation
and found that surgeons who trained with the simulator performed the procedure as well as those
who trained with patients.2 Gaba lists several other advantages of simulation, among them3:

•  Presentation of uncommon but critical scenarios in which a rapid response is
needed (eg, malignant hyperthermia, which occurs once in every 40,000
anesthesia cases).4 To conduct systematic training about managing such
critical events there is little alternative but to use simulation.

•  Errors can be allowed to occur and reach their conclusion—in real life a more
capable clinician would have to intervene—so participants can see the results
of their decisions and actions.

•  With mannequin-based simulators clinicians can use actual medical
equipment, exposing limitations in the human-machine interface.

•  Complete interpersonal interactions with other clinical staff can be explored
and training in teamwork, leadership, and communication provided. In a
number of medical fields, simulation has been used in crew resource
management (CRM) training1 (see Chapter 44), where the focus is on
behavioral skills such as inter-team communication during critical incidents.

Human error is a leading cause of adverse anesthesia events that lead to poor patient
outcomes5 and may play an important role in surgical errors as well.6 However, it may be
difficult to demonstrate improved patient outcomes from simulation because adverse events are
unusual and there are an extreme number of potential confounders. Given these difficulties,
performance has been used as a surrogate outcome, despite concerns that it may be a less than
perfect measure. It is yet unclear which attributes of performance matter most to patient
outcomes. Additionally, the methods (eg, reliability and consistency) and timing (eg, duration of
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follow-up) by which performance is measured also remain ill-defined.1 Studies of the
effectiveness of simulators often are limited in that they measure performance using the same
training simulator, which may favor those who have trained on the simulator itself. In other
words, seemingly improved performance may not translate to actual patient care. Of the studies
that have extended laboratory simulation to patient care, few have evaluated the impact on
medical error or established a clear link between simulator training and patient outcomes.

This chapter reviews the evidence regarding the use of simulators in the training and
ongoing education of health care providers as a patient safety measure. Not included in this
review is the use of simulators in the planning or preparation of diagnostic or therapeutic
interventions in specific patients (eg, calculation of radiotherapy doses using computer
simulations, planning a surgical procedure for a specific patient using 3-D simulations based on
the anatomical data from the actual patient). While these kinds of simulation clearly decrease the
morbidity and mortality associated with their particular procedures, they are omitted here
because they focus on unique characteristics of individual patients that may not be generalizable
to other patients. Other uses of simulators beyond the scope of this discussion include simulators
to measure worker proficiency,7-10 to identify areas for educational intervention, and to target
improvements in training.11,12

Simulators in Anesthesia

Patient simulators have been most widely studied in anesthesia where human error may
account for over 80% of critical incidents.5 Simulators range from simple mannequins to high-
fidelity simulators that recreate the operating room experience. According to one study, 71% of
medical schools in Canada, the United Kingdom and other western nations used mannequins or
some other form of simulator to teach anesthesia to medical students.13 There is a growing body
of literature on the different roles that simulators can play in anesthesia training.14

Studies have found that simulators can effectively identify errors and appropriateness of
decision making in anesthesia. For example, during 19 comprehensive anesthesia simulations,
DeAnda et al documented 132 unplanned incidents, of which 87 (66%) were due to human error
and 32 (27%) were considered critical incidents.15 Schwid and O’Donnell have also used
simulators to document the type of errors that anesthesiologists make in critical incidents,
finding errors in monitor usage (37%), airway management (17%), ventilator management
(13%), and drug administration (10%).16 Gaba and colleagues studied both the appropriateness
of decisions and response time of anesthesia trainees to simulated critical incidents.8 They found
great individual variability as well as variability by incident in the accuracy and timeliness of
response. Some simulated incidents, such as cardiac arrest, had major errors in management a
majority of the time. Based on these studies, patient simulators can be used to identify areas for
further education or training of anesthesia providers.

We identified 2 studies of the effect of simulators on anesthetists’ performance. Schwid
and colleagues studied the impact of a computer screen-based anesthesia simulator in a
randomized, controlled trial of 31 first-year anesthesia residents.17 Residents that had trained on
the simulator with individualized debriefing responded better to critical events on a mannequin-
based simulator than those who received standard training without the simulator. Using a
randomized, controlled design, Chopra and colleagues studied management of simulated critical
situations by 28 resident or staff anesthesiologists.18 The performance of subjects who trained on
the simulator was superior to that of subjects who did not receive that training.

Another setting where simulators may play an important role is in crew resource
management (CRM). Though establishing the effectiveness of simulation in CRM training may
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be difficult,19 initial work has been done on reliably and consistently rating performance.10 CRM
is discussed further in Chapter 44.

Proficiency on a simulator does not ensure proficiency in clinical settings. Simulator
fidelity (ie, how accurately the simulator replicates reality) is imperfect. It is much more difficult
to “re-create” a human being than to do so for, say, an airplane. This limitation is illustrated by a
study conducted by Sayre and colleagues. They studied emergency medical technicians (EMT)
who learned intubation techniques on anesthesia mannequins.20 After successfully intubating the
mannequins 10 times, they were permitted to intubate patients in the field, where their
proficiency was only 53%. Other factors can inhibit optimum learning using simulation or the
applicability of learning to real practice. Some participants may be more vigilant than usual
during simulator sessions.  Others may be unable to “suspend disbelief,” may treat the simulation
only as a game, or act in a cavalier fashion, knowing that the simulator is not a real patient.21

Refinement of simulators to make them more sophisticated and life-like may help to improve the
quality of the training that simulators can provide. Appropriate construction of curricula and
debriefings can also minimize the potential problems of simulation training.

Simulators in Radiology

The number of radiologic examinations that require sedation, analgesia, or contrast media
has increased rapidly in recent years.22 Despite their rarity, serious medication reactions do occur
and require prompt, appropriate management. Some evidence of suboptimal management23 has
prompted the creation of computer-based simulators to improve training in these areas.24

Simulators have also been used to measure the effectiveness of strategies to teach trainees about
critical incidents, but studies have not reported the effectiveness of simulators as adjuncts to
training. Sica and colleagues developed a computer-based simulator that was used to study the
effectiveness of a lecture and videotape-based intervention on critical incidents for radiology
housestaff.25 Those residents who underwent the intervention scored better on the simulator than
those that had only received basic, standard training. The authors concluded that the simulator
was an effective way of assessing the utility of the educational course.

Simulators in Surgery

As surgical technique and expertise has changed drastically over recent decades, some
methods used to train surgeons have evolved as well. Simulators in the surgical setting are aimed
at improving surgeons’ technical skills and dexterity. Training on simulators and virtual reality
machines, though still in its nascent stages, is becoming increasingly accepted.26,27 Surgical
simulators have been developed for a variety of procedures: endovascular repair of abdominal
aortic aneurysms,28 sinus surgery29,30 gynecologic surgery,31 orthopedic surgery,32 prostatic
surgery,33 amniocentesis procedures,34 and oral surgery.35 Nonetheless, many of these have yet to
be formally evaluated in terms of efficacy in improving physician performance in patient care.

We identified several studies that evaluated physician performance after training on a
surgical simulator. Derossis evaluated surgical residents and attendings in a randomized study
and found that those trained with a simulator had greater proficiency in suturing, transferring,
and mesh placement, when tested on the simulator, than did the control group.36 They
subsequently found that when tested in vivo in pigs, surgeons (both attendings and residents)
who had been randomized to the simulator arm were more proficient at the same skills.37 Scott
and colleagues studied the impact of a video-trainer on laparoscopic cholecystectomy skills.38

They randomized surgical residents to training on a video-trainer versus no formal training over
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a 30-day period. At the end of the period, when tested on pre-specified tasks on the video trainer,
those who trained on the video trainer did uniformly better.

Intuitively, improved technical skills should lead to fewer complications during surgery.
Wallwiener and colleagues developed a surgical trainer that, when used in conjunction with
other improvements in their training program, led to lower rates of hysteroscopic
complications.39,40 However, for most simulators the link between improvements in technical
skills and dexterity from simulator training and prevention of adverse events has yet to be
established and deserves formal investigation. Further, problem-based surgical simulation (eg,
avoiding inadvertent ligation of the ureter during hysterectomy) may improve patient safety not
only by improving skills, but also by training surgeons to better anticipate and avoid
complications and to manage them should they occur.

Simulators in Gastroenterology

Simulators have been developed to train physicians in the technical skills required in
endoscopy.41-43 We identified one study that evaluated the effect of simulator training on
physician performance. In a small randomized controlled trial enrolling 10 residents, Tuggy and
colleagues found residents who trained for flexible sigmoidoscopy using a virtual reality
simulator were faster, visualized a greater portion of the colon, and made fewer directional errors
in actual patients.44

Simulators in Cardiology

Cardiology training has long used a variety of simulators from audiocassettes of heart
tones to full patient simulators. Two simulators have been evaluated. Champagne and colleagues
demonstrated that a heart sound simulator could increase medical students’ recognition of
pathologic heart sounds.45 Ewy and colleagues studied the efficacy of “Harvey,” a cardiology
patient simulator.46 In a study enrolling 208 senior medical students at 5 medical schools,
participants were randomized to receive training on Harvey versus a standard cardiology
curriculum during their cardiology elective. Students who had been trained with Harvey
performed skills better both when tested with the simulator and when tested with real patients.
Some physicians have expressed concern that training on simulators may decrease
professionalism. In this study, there was no difference in the way patients perceived the
professionalism of the students trained on Harvey compared with students who received standard
training.

Systems that simulate the cardiovascular anatomy and physiology have also been
developed. Swanson and colleagues created a cardiovascular simulator to train physicians on the
workings of mechanical valves and balloon assist devices, and to recognized diseased vessels.47

As cardiac procedures have become more invasive, simulators to train cardiologist in these
procedures have become more common,48, 49 but their effect on resident performance has not
been evaluated formally.

Comment

Although simulators have been used for many years in a variety of settings, data on their
efficacy are still emerging. While there is currently no evidence that simulation-based training
leads to improved patient outcome, it may prove difficult to conduct such studies. These would
require large cohorts of patients to be followed during and after care by clinicians who were
randomized to have undergone different cumulative amounts of simulation training. Because
adverse events are uncommon, and there are a large number of patient-based and system-based
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factors that contribute to negative outcomes, any such study would have to be massive and
prolonged. Instead, provider performance, with its known limitations, has been and will continue
to be used as a surrogate outcome. Nonetheless, as Gaba has asserted “…no industry in which
human lives depend on skilled performance has waited for unequivocal proof of the benefits of
simulation before embracing it.”50 Certain benefits are clear. In training for procedures,
simulators have high face validity because they ease trainees’ transition to actual patients, which
seems inherently beneficial as a means to avoid adverse events. Further, procedural success is
related to the experience of the operator, known as the volume-outcome relationship51, 52 (see
Chapter 19). As simulators become more advanced, they may be reasonable substitutes to
improve proficiency of both trainees and low volume physician operators. This increase in
proficiency may have an important impact in patient outcomes. Future studies of the link
between simulator-based training and performance on actual patients will improve our ability to
better assess the appropriate role of simulators in training and patient safety.

The costs of simulators vary widely and need to be considered. “Home-made” or simple
trainers are far less expensive than complex simulators or full-scale simulation centers. The
average cost of high-fidelity patient simulators is on the order of $200,000. Medium fidelity
simulators may be as little as $25,000. Establishing a dedicated simulation center can cost up to
$1,000,000 (including the simulator) depending on the amount of space, the type of clinical
equipment to be used, the extent of renovations needed, and the sophistication of the audio-
visual equipment. However, such capital costs are amortized over a long period of time, and such
centers typically are used for a wide variety of training curricula for diverse target populations.
Further, for most simulation training the dominant cost is that of instructor time. Another indirect
cost is that of removing clinical personnel from revenue producing work to undergo training.
The health care industry currently does not fully embed time or costs of training into the system,
but instead often leaves these costs for the individual clinicians to bear.

There are potential risks to simulation-based training. Where the simulator cannot
properly replicate the tasks or task environment of caring for patients, there is a risk that
clinicians might acquire inappropriate behaviors (negative training) or develop a false sense of
security in their skills that could theoretically lead to harm. Although there are no data to suggest
that this currently happens, such risks will have to be weighed and evaluated as simulators
become more commonly used.

In summary, although there is currently little evidence that simulation training improves
patient care, the experience with simulation in other industries and the high face validity of their
applications in health care has led many institutions to adopt the technology. It is likely that
simulators will continue to be used and their role in training of medical personnel will grow.
Definitive experiments to improve our understanding of their effects on training will allow them
to be used more intelligently to improve provider performance, reduce errors and ultimately,
promote patient safety. Although such experiments will be difficult and costly, they may be
justified to determine how this technology can best be applied.
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