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M
edical competency often requires the mastery

of new skill sets. With the advent of carotid

artery stenting has come the need for cardiol-

ogists, vascular surgeons, interventional radi-

ologists, neurosurgeons, and even some neurologists to

master the technical skills required to perform this proce-

dure. A number of surgical and medical specialty societies

have recently developed consensus guidelines suggesting

carotid stent volumes necessary to achieve proficiency.

Specifically, the American College of Cardiology (ACC),

American College of Physicians (ACP), Society for Cardiac

Angiography and Intervention (SCAI), Society of Vascular

Medicine and Biology (SVMB), and the Society of Vascular

Surgery (SVS) recommend that a minimum of 30 diagnostic

cerebrovascular angiograms (15 as a supervised primary

operator), and a minimum of 25 supervised carotid inter-

ventions (at least half as primary operator), must be per-

formed before a trainee can be considered competent.

Some societies (eg, ACC) have recommended that

training programs include on-line (Web-based), graded

didactic training, on-site proctoring and metric-based

simulator training (ACC 2004) in addition to meeting

these case volume requirements. Others have suggested

that, given the number of operators necessary to enable

widespread access to protected carotid stenting and the

limited number of eligible patients requiring these proce-

dures, endovascular simulation might be a suitable sub-

stitute for a proportion of suggested operator experi-

ence. Simulator training, whether considered above and

beyond, or instead of, case volume, has been proposed as

a component of the certification process as well.

MEDICAL SIMULATORS

Five essential elements of medical simulation training

include curriculum, training tools, performance evaluation,

data collection, and debriefing.1 Since the introduction of

the first fully interactive patient simulator in the 1960s, the

health care industry has rapidly embraced the use of med-

ical simulators as a component of medical training.2 Today,

there are more than 40 virtual reality, graphical, and man-

nequin- and screen-based simulators available for initial

and ongoing training of health care professionals.

Simulators are now routinely utilized for training in anes-

thesiology, ophthalmology, laparoscopy, endoscopy, and

endovascular therapy. 

Application of Medical Simulators as a Teaching Tool
Simulation offers a number of potential advantages over

traditional medical training.3 Simulators provide an environ-

ment that is safe for patients and trainees alike, allow easy

access to a wide variety of clinical scenarios such as rare but

important adverse clinical events, offer the ability to actively

develop training opportunities rather than passively waiting

for them to arise, enable immediate feedback, permit repeti-

tion of procedures until proficiency is achieved, create an

opportunity to train a team of individuals who would typi-

cally work together on a common task, create a more flexi-

ble and less costly training environment, as well as foster

critical thinking, active learning, and confidence building.  

The 1999 Institute of Medicine report, “To Err Is Human,”

underlined the high prevalence of medical errors and their

impact on patient safety in our country.4 Procedure-related

complications comprise an important subset of medical

errors, the latter of which impact 7.5 million people annual-

ly and result in more than 320,000 deaths and nearly $9 bil-

lion in health care costs.5 To this end, it is incumbent upon

the health care industry to develop and incorporate

processes that facilitate the safe and effective performance

of medical (endovascular and other) procedures. 

Medical simulators provide an environment in which a

physician can repeatedly practice the core components of a

procedure without impacting patient safety. The underpin-

ning of simulator-based training is the provision of highly
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accurate and realistic scenarios in which the physician is

required to perform a procedure using realistic tools while

maintaining the patient’s overall health. Without compro-

mising patient safety, physicians are able to review, repeat,

and reassess their ability to perform a procedure and locate

areas in which they require further training and enhance-

ment prior to actual patient contact. Medical simulators

combined with traditional training methods provide a com-

prehensive and fully exhaustive learning opportunity.6

Medical simulation training programs have resulted in

improved performance, shorter response time, and less

deviation from practice standards than nonsimulator train-

ing.7 Furthermore, simulators increase trainee confidence

and competence, and they improve patient safety.8 Finally,

simulator training yields cost and process efficiencies when

these devices are integrated into training programs. For

example, studies have demonstrated greater procedural effi-

ciency (less procedure time, less fluoroscopy, and better

visualization of tissues by x-ray) among simulator-trained

individuals attempting to implant ventricular and atrial

device leads.9

Endovascular fellows initially trained on simulators out-

perform traditionally trained fellows in a number of areas,

including more independently completed procedures,

shorter procedure times, and fewer interoperative errors.

There are few studies that have specifically examined the

role of carotid stent simulator training on outcomes. Hsu et

al found that previous endovascular experience was associ-

ated with better performance on a carotid stent simulator.

They also observed that proctored simulator training ses-

sions shortened procedure times in both novice and experi-

enced operators, but much more so in the former group.10

Similarly, Dayal et al found that a simulator-based carotid

stent training program was associated with shorter proce-

dure and fluoroscopy times among novice but not experi-

enced users.11 Accordingly, the SCAI, SVMB, and SVS, repre-

senting the majority of physicians who routinely perform

carotid stent procedures, publicly support the use of virtual

reality simulation for carotid stent training.12

THE USE OF SIMULATORS FOR CERTIFICATION

Six core components are commonly used to determine

medical competence: patient care, medical knowledge,

practice-based learning, interpersonal and communication

skills, professionalism, and systems-based practice.13 Each of

these is typically evaluated during residency and fellowship

training programs; however, the physician’s technical skills,

which are at the core of this competency, are often not for-

mally evaluated.14 It is often difficult to replicate or be pres-

ent during a procedure to evaluate a physician’s skills.

Additionally, such observations and evaluations are subjec-

tive by nature and require significant justification. In such

instances, the use of medical simulators to evaluate physi-

cian technical skills for certification purposes may be highly

appropriate and useful. Some entities have already begun to

use high-fidelity medical simulators as part of procedural

certification. At Brown Medical School, the housestaff’s abil-

ity to meet advanced cardiac life-saving criteria has been

assessed using a simulator.15 The Joint Commission on Allied

Health Personnel in Ophthalmology (JCAHPO) uses com-

puter-based simulation for the Certified Ophthalmic

Technician skills evaluation, which is conducted annually at

more than 250 test centers in the US. This computer-based

simulation has fully replaced the hands-on skill evaluation

that was conducted in previous years.16 Nevertheless, most

professional societies, medical associations, and licensing

boards have been opposed to using simulators as a primary

component of the certification process. This hesitancy has

occurred partly because it has been difficult to tie simulator

outcomes to real-life procedural outcomes. In short, there is

a paucity of data to support the validity, reliability, and

reproducibility of simulator training or its translation into

clinical practice.3

During the past 5 years, a number of simulators have

added performance metrics that evaluate user abilities in

key areas. Medical simulators that offer evidence-based per-

formance metrics are a useful tool in determining a physi-

cian’s understanding and incorporation of best practices,

appropriate use of tools and devices, management of

patient complications, effective navigation through the

patient anatomy, and overall competence in performing a

defined procedure without the need to use actual patients.

Objective evaluation metrics based on industry standards

combined with trainee observation while on the simulator

could be used to determine the physician’s competence for

certification purposes. In contrast, the mere presence as a

second operator during a procedure (a common situation

in training programs and one supported by the previously

noted carotid stent consensus guidelines) does not afford

the trainee the type of hands-on clinical experience needed

to perform such intensive procedures safely and effectively. 

CONCLUSION

Simulators are revolutionizing the practice of endovascu-

lar medicine. The procedural efficiencies they create are

well-documented. Their impact on the ultimate safety and
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effectiveness of endovascular procedures is less well-estab-

lished. There is a great need to relate simulator competence

to real-life clinical outcome in well-designed studies. Given

the infrequent occurrence of periprocedural adverse events

associated with carotid stenting, such studies will require

the use of surrogate outcomes (eg, embolization as detect-

ed by transcranial Doppler or diffusion-weighted MRI) if

they are to be adequately powered. Ahead of such studies,

there remains ample evidence to justify the use of simula-

tors as an integral part of carotid stent training programs.

Nevertheless, until data emerge that relate simulator-based

training to clinical outcomes, it will be difficult to replace

man with machine in the certification process. ■
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