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Justin Abraham, BS, MBA,1 Dina M. Wade, BS,1 Katherine A. O’Connell, BS,1 Susan Desharnais, PhD, MPH,1 and Richard Jacoby, MD1 The issues of health care quality and safety have received much attention in the literature since the Institute of Medicine (IOM) published 2 seminal reports, Crossing the Quality Chasm: A New Health System for the 21st Century and To Err Is Human: Building a Safer Health System.1,2 How to effectively teach the tenets of quality and safety has also begun to receive more attention.3 Although medical students go through years of schooling, training, and clinical work in various settings, there is a trend toward less “hands-on” practice before actually performing procedures and interacting with patients. How can this trend be reconciled with increasing performance in the realm of quality and safety? Simulation training answers this call. The definition of simulation is “the technique of imitating the behavior of some situation or process . . . by means of a suitably analogous situation or apparatus, especially for the purpose of study or personnel training.” 4p254 Mistakes that occur in a simulation center do not have penalties. This leads to learning opportunities that do not put patients at risk. Thus, there are potential applications for medical simulation at all levels of professional development and in all disciplines of health care, making simulation beneficial for anyone involved in patient encounters—from medical students and house officers to nurses and technicians to chiefs of surgery. Simulation training is a relatively new phenomenon in health care, unlike other industries such as aviation, nuclear power, the military, and space programs. In those industries, simulation in its many forms has been successfully used to test performance, skill, and possible adverse outcomes.5 In health care, most of the simulation centers and experts are currently found at medical colleges and universities.6 Simulations in health care can focus on a spectrum of activities from training to learn procedures, to training to facilitate making clinical diagnoses, to training to facilitate learning clinical processes and teamwork. For example, types of procedural simulators in medical education range from the simple to the complex. “Part-task” trainers are relatively simple simulators that use a limb, body



part, or other structure to represent a part of a whole. This type of simulation focuses on isolated tasks to enhance procedural or surgical techniques. Integrated simulators, which are more complex, combine a manikin with computer controls, so that it may be manipulated to provide outputs such as pulse rate or respiratory movement.4 Although simulated patients and environments have been used in medical training and education in less sophisticated forms for decades, they are still vitally important. The modern forms of simulation give users the ability to hone their communication skills in a clinical setting and experience different scenarios to receive feedback. The ability to give feedback while the simulation is taking place is invaluable in medical education. Team training can have a positive impact on increasing safety and quality, as well as performance. Teamwork has been known to improve performance, as seen in crew resource management in aviation.5 Medical simulation not only offers individual learning and training but also trains groups of health care professionals who work together as a team. Teamwork is crucial to providing the best possible care for patients. In recent years, team-based simulation has become quite popular as clinical settings include more teamwork in their clinical approach. In some simulations, videotaping is used as feedback for the trainees as well as the trainers. Observation of the procedure and skills used during the simulation allow the trainee to adopt the best behaviors and routines. The use of videotaping in simulation does not raise HIPAA (Health Insurance Portability and Accountability Act) concerns because real patients are not involved.6 1
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Although simulation is beneficial in many ways, limitations do exist. Without sufficient or available funds, not every procedure and situation can be constructed. Furthermore, the limited number of simulation centers and experts available to teach the large number of trainees creates limitations.5 The possibility of a shortage of simulation resources is pushing medical schools and providers to acquire more funding. The purpose of this article is to provide an overview of some of the best available literature on the subject of improving quality and patient safety through medical simulation. Simulation in the medical field is fairly new, with most research conducted within the last 10 years. These factors limited our search to literature published within the past decade. The primary sources used included Scopus, PubMed, Ovid, and print journals, most notably Simulation in Health Care. The following terms were used to conduct the searches: patient safety, quality improvement, medical simulation, procedural simulators, team training, and simulation in health care. The articles were grouped into 4 content areas of medical simulation: (1) background and history, (2) procedural training and methods, (3) quality and safety, and (4) teamwork and communication. Some of the 24 articles that were selected contained overlapping information touching on some or all of these topics; however, the articles are grouped in our schema according to their dominant theme.



Alphabetic List of Articles Aggarwal R, Undre S, Moorthy K, Vincent C, Darzi A. The simulated operating theatre: comprehensive training for surgical teams. Qual Saf Health Care. 2004;13(suppl 1): i27-i32. Barsuk JH, McGaghie WC, Cohen ER, O’Leary KJ, Wayne DB. Simulation-based mastery learning reduces complications during central venous catheter insertion in a medical intensive care unit. Crit Care Med. 2009;37:2697-2701. Battles JB, Wilkinson SL, Lee SJ. Using standardised patients in an objective structured clinical examination as a patient tool. Qual Saf Health Care. 2004;13(suppl 1):i46-i50. Bradley P. The history of simulation in medical education and possible future directions. Med Educ. 2006;40:254-262. Carroll JD, Messenger JC. Medical simulation: the new tool for training and skill assessment. Perspect Biol Med. 2008;51: 47-60. Clancy CM. The importance of simulation: preventing hand-off mistakes. AORN J. 2008;88:625-627. Dayal AK, Fisher N, Magrane D, Goffman D, Bernstein PS, Katz NT. Simulation training improves medical students’ learning experiences when performing real vaginal deliveries. Simul Healthc. 2009;4:155-159.



DeVita MA, Schaefer J, Lutz J, Wang H, Dongilli T. Improving medical emergency team (MET) performance using a novel curriculum and a computerized human patient simulator. Qual Saf Health Care. 2005;14:326-331. Eder-Van Hook J. Building a National Agenda for SimulationBased Medical Education. Washington, DC: Advanced Initiatives in Medical Simulation; 2004:1-40. www.asahq .org/ . . . /AIMS_2004_Report_Simulation-based_Medical _Training.pdf. Accessed August 16, 2010. Gibber M, Kaye R, Fried MP. Virtual simulation in the surgical world. Otolaryngol Clin North Am. 2009;42:891-900, xi. Gough JK, Frydenberg AR, Donath SK, Marks MM. Simulated parents: developing paediatric trainees’ skills in giving bad news. J Paediatr Child Health. 2009;45:133-138. Henneman EA, Cunningham H, Roche JP, Curnin ME. Human patient simulation: teaching students to provide safe care. Nurse Educ. 2007;32:212-217. Issenberg SB. The scope of simulation-based healthcare education. Simul Healthc. 2006;1:203-208. Kruglikova I, Grantcharov TP, Drewes AM, Funch-Jensen P. The impact of constructive feedback on training in gastrointestinal endoscopy using high-fidelity virtual-reality simulation: a randomized controlled trial. Gut. 2010;59: 181-185. Kyrkjebo JM, Brattebo G, Smith-Strom H. Improving patient safety by using interprofessional simulation training in health professional education. J Interprof Care. 2006;20: 507-516. Lachapelle K. Teaching technical skills using medical simulation: a new frontier. Mcgill J Med. 2007;10:149-151. Lindquist LA, Gleason KM, McDaniel MR, Doeksen A, Liss D. Teaching medication reconciliation through simulation: a patient safety initiative for second year medical students. J Gen Intern Med. 2008;23:998-1001. Loyd GE. Simulation: a strategy for success in quality and safety in pay-for-performance environments. Am Surg. 2006;72:1097-1101. Patel AA, Glaiberman C, Gould DA. Procedural simulation. Anesthesiol Clin. 2007;25:349-359. Rosen MA, Salas E, Wilson KA, et al. Measuring team performance in simulation-based training: adopting best practices for healthcare. Simul Healthc. 2008;3:33-41. Salas E, Wilson KA, Lazzara E, et al. Simulation-based training for patient safety: 10 principles that matter. J Patient Saf. 2008;4:3-8. Smith-Stoner M. Web-based broadcast of simulations: expanding access to learning. Nurse Educ. 2009;34:266-270. Takayesu JK, Farrell SE, Evans AJ, Sullivan JE, Pawlowski JB, Gordon JA. How do clinical clerkship students experience simulator-based teaching? A qualitative analysis. Simul Healthc. 2006;1:215-219. Ziv A, Wolpe PR, Small SD, Glick S. Simulation-based medical education: an ethical imperative. Acad Med. 2003;78: 783-788.
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Background and History Bradley P. The history of simulation in medical education and possible future directions. Med Educ. 2006;40:254-262 Bradley describes the use of simulation in other industries and explores future possibilities in the field of simulation. Multiple industries have used simulation for decades to improve the quality and safety of the services they provide. For example, the aviation industry uses simulation training to improve the nontechnical skills of teams through crew resource management programs. The article includes a descriptive overview of the progression from the use of basic anatomical structures to part-task trainers, modern manikin simulation, computer-based systems, integrated simulators, and standardized patients (SPs) and environments. Simulation provides a safe and supportive learning environment for medical students because they are performing procedures in a safe, controlled environment and understand that real patients will not be harmed if they make a mistake. Furthermore, Bradley stresses that there is an emphasis on teamwork to show that the next generation of doctors is both capable and competent. Bradley mentions that cost is a significant issue that will need to be addressed if simulation is going to have a part in medical education in the future. The fact that the research is limited in scope has caused people to criticize the medical education community for implementing innovations into the curriculum without evidence that they actually improve the quality and safety of the procedures. The author advocates that further research geared toward focusing on higher level outcomes must be done to determine whether the effectiveness and efficacy of simulation is indeed a worthwhile educational strategy.



Eder-Van Hook J. Building a National Agenda for Simulation-Based Medical Education. Washington, DC: Advanced Initiatives in Medical Simulation; 2004:1-40. www.asahq.org/ . . . /AIMS_2004_ Report_Simulation-based_Medical_Training. pdf. Accessed August 16, 2010 In this article, Eder-Van Hook advocates for increased awareness of the need for a national agenda on simulationbased medical education. To this end, Advanced Initiatives for Medical Simulation held a conference at the Walter Reed Army Medical Center in Maryland to construct such an agenda. One of the main purposes of this conference was to encourage the use of simulation as a training tool and to move away from the current method of training medical students by using live patients. EderVan Hook describes the IOM report, To Err Is Human:



Building a Safer Health System, which states in that between 44 000 and 98 000 people die each year in the United States from preventable medical errors. Simulation helps reduce medical errors, encourage patient safety, and decrease medical costs. The IOM urges a further increase in the use of simulation as a training tool for teaching clinicians, especially in the areas of team training. The IOM report emphasizes that proficiency in medical training should be a major factor in credentialing. The article includes a basic overview of medical simulators and their capabilities, along with the benefits of using these simulators. Although the up-front costs of establishing simulation centers may be high, the cost over the long term will be recouped as a result of fewer medical errors. Fewer medical errors would also lead to increased patient safety. The article includes a discussion of the use of simulation in the armed forces, specifically with regard to medical personnel and their experiences with battlefield trauma care; this is accompanied by an indepth commentary from the presenters of the conference. The author stresses the importance of medical simulation as a part of medical training, the need for cooperation from the medical community, and how federal and private funding sources must be used so that the potential of simulation as part of medical education can be fully realized.



Issenberg SB. The scope of simulation-based healthcare education. Simul Healthc. 2006;1:203-208 Issenberg describes how simulation has expanded to the point whereby research can now focus on the most effective utilization of simulation as opposed to determining its potential. Issenberg then describes the 3 essential components of simulation: training resources, trained educators, and curricular institutionalization. Appropriate training resources refers to the established facilities and curricula in place to teach future clinicians; trained educators refers to qualified faculty to teach in these new facilities; curricular institutionalization refers to an organizational acceptance and endorsement of simulation as an adjunct to improving patient quality and safety. Issenberg stresses the importance of “[a] buy-in or formal adoption by the institution’s curriculum committee so that early on it becomes a stakeholder in the process” (p. 205). Many professional societies are beginning to establish accreditation requirements for simulation centers to encourage an extensive range of learning opportunities. An example of this is the American College of Surgeons (ACS), which has created a designation of “Level I ACS Accredited Education Institutes” for institutions that meet established criteria and guidelines.
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One of the difficulties of simulation is a lack of an explicitly defined skill set; therefore, Issenberg advocates that the future of simulation should include certification of health care educators in simulation training as this will provide credibility behind the learning experience. In particular, these roles should be based on the teacher as an information provider, a role model, a mentor, an assessor, a planner, and a resource developer. Issenberg concludes by advocating for an increased role of the Society for Simulation in Healthcare to certify competence to “improve clinical competence in healthcare education.”



Ziv A, Wolpe PR, Small SD, Glick S. Simulation-based medical education: an ethical imperative. Acad Med. 2003;78:783-788 Multiple policy debates have taken place over the past decade regarding the use of live patients as “practice tools” to improve patient safety. Ziv et al describe how simulation can serve as an adjunct to everyday interactions with patients. Simulation cannot be used as a replacement for live patient interaction; rather, live patients must still be used during clinical training. Simulation is an important tool that allows for the re-creation of realistic complex clinical environments in a nonthreatening setting. Combining live interaction with simulation experiences serves to improve both the safety and delivery of health care. The article discusses 4 themes of simulationbased medical education, including best standards of care and training, error management and patient safety, patient autonomy, and social justice and resource allocation. Because many training institutions are located in urban areas, a significant majority of disadvantaged patients bear an increased risk of harm as a result of procedures being performed by new trainees; simulation helps minimize these risks and decreases the chance of harm to this already disadvantaged population. Bioethics is an increasingly important aspect of medicine today. As such, the author advocates further adoption of simulation-based medical education and training because it serves as a valuable complement that will allow health systems to be more accountable to the populations they serve.



Procedural Training and Methods Medical Students Dayal AK, Fisher N, Magrane D, Goffman D, Bernstein PS, Katz NT. Simulation training improves medical students’ learning experiences when performing real vaginal deliveries. Simul Healthc. 2009;4:155-159 Dayal et al describe how a movement toward outcomesbased education makes simulation an excellent adjunct to



current teaching methodologies. In particular, because of the procedural-based experience of obstetric deliveries, “simulation lends itself to the teaching of vaginal delivery maneuvers.” The purpose of the project was to determine whether simulation training had a positive effect on student self-confidence, increased the number of live deliveries a student participated in, and also improved the performance of maneuvers necessary for vaginal deliveries. In this study, a simulation group received a 1-hour session that included a lecture and demonstration of a delivery, followed by an attending-led practice session where students received constructive feedback regarding their performance; this group was compared with a control group who received no training. The study revealed that the simulation group participated in more live deliveries and had a higher level of confidence with regard to delivery maneuver skills (eg, the delivery of the shoulders and body); in addition, students in the simulation group had “an overall delivery score significantly greater than the control group.” Dayal et al extrapolated these results to conclude that medical students who received simulation training along with constructive feedback had an increased self-confidence on the rotation, which resulted in an increased number of deliveries performed during the rotation. The authors note that although cost is a significant limitation with simulation training, the educational value combined with the student response may justify the expense. Dayal et al suggest that future studies with simulation should target specific maneuvers within deliveries to increase student confidence and subsequent performance on the rotation.



Takayesu JK, Farrell SE, Evans AJ, Sullivan JE, Pawlowski JB, Gordon JA. How do clinical clerkship students experience simulator-based teaching? A qualitative analysis. Simul Healthc. 2006;1: 215-219 According to Takayesu et al, simulation has emerged beyond the realm of task training to encompass complex skills, including determining diagnoses, deciding on appropriate treatment regimens, and teaching crisis management skills within an interdisciplinary team. Professionals with expertise in simulation advocate that providing a safe environment that allows them to practice critical skills is crucial to prepare up-andcoming health care professionals to treat patients. Takayesu et al collected qualitative data from a group of third- and fourth-year medical students to examine their opinions of simulation and to create a data set. Students reported that simulation not only helped teach complex clinical scenarios but also provided them with “an immersive [experience] that enabled [them] to obtain a full understanding . . . of well-known concepts” (p. 216). Takayasu et al posit that creating a safe environment that fosters the development of tactile
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Abraham et al. and behavioral skills is helpful for students. In addition, simulators can be accessed at any time and configured in such a way that they provide students with a wide variety of scenarios to learn. The authors conclude by noting that full-body simulation is an emerging concept and that future studies that create an organized list of survey questions will be helpful going forward.



Residents Barsuk JH, McGaghie WC, Cohen ER, O’Leary KJ, Wayne DB. Simulation-based mastery learning reduces complications during central venous catheter insertion in a medical intensive care unit. Crit Care Med. 2009;37: 2697-2701 Barsuk et al describe how the implementation of a simulation protocol for residents in the medical intensive care unit at Northwestern Memorial Hospital improved the quality of care by decreasing the number of hospitalacquired infections resulting from central venous catheters (CVCs). The Centers for Medicare and Medicaid Services’ decision to deny reimbursement for catheterrelated bloodstream infections, along with a growing movement away from the traditional methods of procedural training were factors that encouraged the development of this simulation. The aim of the study was to determine whether simulation-based education would have an impact on CVC insertion and bloodstreamrelated infections. In this study, simulator-trained residents received 3 hours of special training on how to use an ultrasonographic device as well as specific feedback regarding their performance and competency with placing CVCs and were compared with residents who received no training. The results of this study demonstrated that the number of infections in the medical intensive care unit decreased significantly, from 3.2 infections per 1000 catheter days to 0.5 per 1000 catheter days, an 84.5% reduction in the incidence of infections. The findings indicate that competency improved because of simulation-based education. The results suggest that simulation-based training is a valuable adjunct to current clinical teaching and, as such, is a method that should be strongly considered by academic medical centers when creating an appropriate curriculum.



Lachapelle K. Teaching technical skills using medical simulation: a new frontier. Mcgill J Med. 2007;10: 149-151 Medical students’ training rarely includes the teaching of technical skills. For medical students to be better



prepared for the clinical world, these skills need to be developed early in their medical careers. Training that includes medical simulators can only serve to improve the skills of all health care providers within a controlled environment. A total of 29 randomized trials were conducted that compared the traditional technical training of “see one, do one, teach one” with simulation training. A study conducted with junior residents revealed that individuals with simulation training were able to complete a laparoscopic cholecystectomy in 30% less time and with 6 times fewer errors when compared with their peers who did not receive simulation training. This suggests that simulation training helps improve a clinician’s accuracy with the additional benefit of improving performance times. Expertise in a particular field is only obtained after hours of training and repetition. Simulation affords the practitioner the ability to perform the procedure multiple times in a controlled environment that does not compromise patient safety. As more research is conducted, a better understanding of the proper implementation and usefulness of simulation in medical education will be achieved.



Gibber M, Kaye R, Fried MP. Virtual simulation in the surgical world. Otolaryngol Clin North Am. 2009;42:891-900, xi Gibber et al describe the emergence of simulation centers and effectively explain the purpose of simulation (ie, the reasons that simulation is needed and problems that must be addressed to create an effective simulation). In addition, the authors mention that it is now possible to build a library that covers an enormous range of surgical patient scenarios to provide surgeons with a wide variety of realistic scenarios. This would allow a simulation to provide a way to “visually [emulate] all the complex anatomy, tissues, and surgical techniques required for surgery” (p. 895). Simulation can also assist in training surgeons to use newly developed techniques that are minimally invasive; for example, endoscopic training for neurosurgeons to remove pituitary and other cranial base lesions, which would allow for “a faster recovery, shorter hospital stay, and minimal postoperative discomfort.” In addition, specific criteria that can be used when trying to justify the use of simulation are essential. Gibber et al also detail the importance of distinguishing education from training. Education is simply not enough for proper performance; rather, training that leads to consistent performance is “one of the best indicators of skill mastery.” The authors conclude by emphasizing that exposing trainees to varying simulated scenarios in a lifelike setting will allow for diverse experience, leading to further knowledge and proficiency.
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Patel AA, Glaiberman C, Gould DA. Procedural simulation. Anesthesiol Clin. 2007;25: 349-359 Patel et al highlight the benefits and drawbacks of procedural simulation. The use of procedural simulation emerged after medical schools restructured their curricula in response to the IOM’s To Err Is Human: Building a Safer Health System, which stated that approximately 98 000 patients die each year from preventable medical errors in the United States. The traditional masterapprentice model—a “see one, do one, teach one” mantra— is no longer acceptable because patients are vulnerable to errors in treatment. A significant benefit of simulation is its flexibility to re-create many unique clinical situations. In addition, simulations afford the ability to perform procedures and receive feedback while preserving patient safety. Computer-based simulation allows for evaluation of a trainee’s performance, which can be rapidly and reliably evaluated. There are some pitfalls, however. One pitfall is limiting the scope of clinical scenarios, which may not account for undesirable events that may occur secondary to improperly performing a procedure. Another is finding available academic instructors who are willing to provide instruction and feedback to other trainees. Although simulation has been proven to be an effective learning tool, it should not be the sole training method. Even with these pitfalls, hospitals and educational centers should consider developing simulation because it will allow for increased provider proficiency while maintaining patient safety.



Fellowship Kruglikova I, Grantcharov TP, Drewes AM, Funch-Jensen P. The impact of constructive feedback on training in gastrointestinal endoscopy using high-fidelity virtual-reality simulation: a randomized controlled trial. Gut. 2010;59:181-185 Kruglikova et al describe a study that they conducted to assess the impact of external feedback (via virtual-reality simulation and expert teaching) on trainees’ performance of colonoscopy. Using a randomized study involving 22 trainees and 8 experts, the investigators evaluated whether the combination of simulation and feedback improved competence in a group performing colonoscopies as compared with a control group who only received simulation training. The study revealed that the group who had feedback and simulation training had no incidents of perforations, whereas the group who received only simulation training had 7 perforations. Furthermore, individuals in the feedback and simulation training group were significantly faster at visualizing both mucosa and cecum than individuals in the group who did not receive



feedback. The evidence provided in the study shows that constructive feedback has a positive effect on learning as compared with independent training and that trainees who received feedback achieved proficiency faster when compared with their colleagues who did not receive feedback. Kruglikova et al note that a limitation of this study is that it was not blinded but add that it is not possible to blind a study such as this. The authors also conclude, “a study group with no constructive feedback is obsolete in bedside teaching . . . [and] constructive expert feedback is superior to simulator feedback alone” (p. 184).



Quality and Safety Carroll JD, Messenger JC. Medical simulation: the new tool for training and skill assessment. Perspect Biol Med. 2008;51:47-60 New methods of teaching and skill assessment are constantly being developed and tested in the medical world. Medical simulation is one of the newest innovations in the health care industry. Simulation training has been successfully used in other industries such as aviation and nuclear power, and in space programs. Although there have been barriers to developing and implementing medical simulation, changes are expected over the next 5 to 10 years as a result of mandates from the medical device industry as well as institutional mandates to improve the quality and safety of health care. Health care will never be free of mistakes; however, efforts must be made to improve the quality of care and patient safety. The IOM’s analyses, To Err Is Human: Building a Safer Health System and Crossing the Quality Chasm: A New Health System for the 21st Century, suggest that training medical staff with simulation techniques will improve quality of care and decrease medical errors. Simulation training gives health professionals a hands-on experience in a controlled environment that does not compromise patient safety. Improving quality and safety in health care can also lead to enhanced teamwork. Team training in medicine can lower the chance of miscommunication and dysfunction, in turn improving the performance, quality, and safety of the health care system.



Lindquist LA, Gleason KM, McDaniel MR, Doeksen A, Liss D. Teaching medication reconciliation through simulation: a patient safety initiative for second year medical students. J Gen Intern Med. 2008;23:998-1001 Lindquist et al recognized that most medical students do not receive adequate training in medication reconciliation and
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Abraham et al. subsequently developed a simulation to teach the proper skills needed to perform adequate medication reconciliation. Errors and decreased patient safety result when students start a clinical rotation without adequate training. Medication reconciliation is a “systematic validation and verification process used to ensure accuracy and continuity in patients’ medication regimens from pre hospital care through discharge” (p. 998). The chances of a mistake happening is greater when accurate information is not accessible. This simulation scenario was devised for second-year medical students and included a lecture on the importance of medication reconciliation, interviewing a standardized patient (SP), and then creating a complete medication reconciliation. The simulation used constraints similar to what a physician might experience when creating medication reconciliations. In all, 90.6% of participants felt that the training was constructive and should be taught to future medical students. The simulation was considered a success and deemed to be useful in increasing medical students’ awareness of the importance of medication reconciliation.



Use of Standardized Patients to Improve Quality and Safety Battles JB, Wilkinson SL, Lee SJ. Using standardised patients in an objective structured clinical examination as a patient tool. Qual Saf Health Care. 2004;13(suppl 1):i46-i50 Battles et al detail the role and benefit of using SPs for simulator purposes in medicine. A SP is an individual who portrays a medical case after receiving training about the symptoms and demeanor exhibited by a typical patient with this condition. SPs are now the preferred choice for evaluating the clinicians’ level of competence and the quality of the physician’s practice. An objective structured clinical examination (OSCE) is one scenario now used around the world as an evaluation tool to assess the performance and competency of a health professional, with the goal of ensuring patient safety. This article gives an overview of an OSCE that was done to examine the ability of medical students to obtain a thorough and accurate medical history with regard to postdonation information in the blood collection process. The study was performed at Hoxworth Blood Center, a community-based blood center at the University of Cincinnati Medical Center. The results showed that most of the health history takers performed better when completing the donor form than when interviewing the patients. This study successfully depicted the usefulness and accuracy of SPs for medical simulation purposes. The authors note that SPs are a valid tool for assessing competence and can be used in other domains in the future to evaluate clinicians’ proficiency in simulated clinical settings.



Gough JK, Frydenberg AR, Donath SK, Marks MM. Simulated parents: developing paediatric trainees’ skills in giving bad news. J Paediatr Child Health. 2009;45:133-138 The already packed medical school curriculum now puts a special focus on the development of communication skills. Gough et al describe a program that teaches junior medical staff communication skills by delivering bad news to simulated parents in an emergency room setting. The trainees first watch a videotaped scenario in which a doctor gives bad news about a child to the child’s simulated “parent,” followed by a discussion of the important elements of the conversation. Then, the trainees must participate in an exercise of giving bad news. Each interaction is limited to 7 minutes, emulating a typical conversation in a real emergency room. Immediately afterward, the trainees receive feedback from both the simulated parents and a senior physician. This form of simulation challenges the trainees to prepare themselves emotionally for clinical pediatrics. Some participants have said that although the simulations are intimidating and confronting, they were happy about the experience and described the simulation as educational. The authors report that this training is still in use and that it highlights the communication skills that require attention during pediatric training.



Henneman EA, Cunningham H, Roche JP, Curnin ME. Human patient simulation: teaching students to provide safe care. Nurse Educ. 2007;32:212-217 Henneman et al describe a simulation scenario designed for senior-level nursing students. The purpose of the simulation was to provide students with an opportunity to participate in the assessment and management of a patient who presents with complaints of chest pain after a motor vehicle accident. The authors detail the simulation objective’s methodology, student and instructor preparation, simulation roles, supplies, and setup, along with a reflective discussion/debriefing process following the simulation. These authors’ experiences in the preparation and execution of the simulation offer practical information to help guide educators interested in implementing this method as a means of improving patient care.



Loyd GE. Simulation: a strategy for success in quality and safety in pay-for-performance environments. Am Surg. 2006;72:1097-1101 Loyd outlines the reasons for using medical simulation and the ways it can be beneficial in pay-for-performance environments, and describes possible uses of information technology (IT) with simulations. Loyd states that implementing simulation into pay-for-performance settings can improve quality and safety. Successful outcomes in
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pay-for-performance environments depend in large part on continuous, healthy relationships among multiple systems-based practices. The use of simulation offers an opportunity to test these relationships and improve collegiality and efficiency. Simulated environments allow health care personnel to work together on procedures and deal with clinical situations. Working together in simulations allows teams to improve chances for success, receive constructive feedback, and decrease risks for financial losses. Loyd also discusses how IT systems are a major component in the health care industry because an increasing number of providers are implementing new systems. A successful IT system in place allows providers to make health care more patient-centered and decrease wait time. The implementation of IT systems can improve effectiveness, efficiency, patient satisfaction, available information, and the overall quality of care. For example, the use of bar codes on medications has been a successful solution to avoiding medication errors. Careful planning of IT systems can and should be done to reduce the risk of inefficiencies before implementation. The cost to fix a newly implemented system is usually much more than the cost to fix a system before it goes live.



Teamwork and Communication Aggarwal R, Undre S, Moorthy K, Vincent C, Darzi A. The simulated operating theatre: comprehensive training for surgical teams. Qual Saf Health Care. 2004;13(suppl 1):i27-i32 Aggarwal et al describe a simulated operating theater project that enables training for an entire surgical team and provides an assessment of the team’s technical and nontechnical skills (ie, interpersonal communication, judgment, leadership, teamwork). The authors use a systems-based approach to examine methods of error reduction and the cultures and attitudes of surgical staff. Aggarwal et al then proceed to analyze the effectiveness of the simulated operating theater in terms of improving patient safety. The conclusion is that a simulated operating theater is an appropriate setting that enables the surgical team to function in a safer environment and execute the surgery in a more effective and efficient manner in the event that actual crises do occur.



Clancy CM. The importance of simulation: preventing hand-off mistakes. AORN J. 2008;88:625-627 Clancy describes the chaotic environment involved in patient hand-offs, specifically in postanesthesia situations and in postanesthesia care units (PACU). This turbulent



environment can lead to critical information not being transferred to the new care team, which can lead to a miscommunication that could jeopardize patient safety. Research has led to the development of a simulation-based training system specifically for the PACU that has greatly improved patient hand-offs between the operating room and the PACU. This system, described as simulation training for rapid assessment and improving teamwork, drastically improves the communication and effectiveness between the anesthesia care provider and PACU nurses. The study design was set up to evaluate not only the quality of PACU hand-offs, but also to evaluate the overall culture of communication and the quality of care present in the PACU. Trained observers rated the health care workers both pre and post hand-off to give an outside perspective. The culture of communication in this specific health care environment has improved while providing an increase in the quality of care the patients receive.



DeVita MA, Schaefer J, Lutz J, Wang H, Dongilli T. Improving medical emergency team (MET) performance using a novel curriculum and a computerized human patient simulator. Qual Saf Health Care. 2005;14:326-331 High-risk situations that do not occur frequently are especially susceptible to errors. DeVita et al detail an Advanced Cardiac Life Support (ACLS) simulation seminar developed at the University of Pittsburgh Medical Center Winter Institute for Simulation Education and Research, which supplements lectures with Web-based and computerized human simulator technology. The course emphasizes interdisciplinary teamwork by looking at emergency response teams’ capabilities in executing ACLS protocols. A life-size mannequin that can be programmed to imitate normal human responses, called a Laerdal SimMan, was used in 5 preprogrammed, semiautomated scenarios. Trainees respond to 3 different scenarios, each time serving in a different role to improve their capabilities to execute multiple roles. The study demonstrated an increase in mannequin “survival” from 0% before the 3 sessions to 90% after the 3 sessions. Furthermore, a postperformance debriefing seemed to improve understanding and performance with regard to executing ACLS protocol. DeVita et al argue that communication and teamwork may be as important as actual clinical knowledge and training. The outcome of a crisis is likely to improve if the efficiency of the response team is tested and rehearsed in a simulation with specific roles and goals assigned. Simulated team training can improve a crisis team’s response, which will have a positive effect on patient outcomes and overall team performance, as well as improve patient safety.
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Kyrkjebø JM, Brattebø G, Smith-Strøm H. Improving patient safety by using interprofessional simulation training in health professional education. J Interprof Care. 2006;20:507-516 Kyrkjebø et al highlight that a lack of team training has created patient safety issues and conducted a study to implement team training in the medical education curriculum in Denmark. They derived ideas from crew resource management, which addressed leadership and communication problems that occur among flight crews in the aviation industry. Kyrkjebø et al used the main principles of the Better & Systematic Trauma Care (BEST) project, a low-tech simulation that consists of a 1-day course at a hospital that includes a lecture/discussion coupled with practical training and deals with interprofessional communication in the medical school curriculum. The Kyrkjebø study involved 12 health professional students (4 medical students, 4 nursing students, and 4 postgraduate intensive nursing students). Throughout the day, the students were exposed to 4 adverse patient-centered events: complications from a blood transfusion, an emergent resuscitation, managing a venous catheter, and complications that can arise from administering drugs. Two simulations were conducted for each adverse event. The simulations were videotaped, one before training and one after training. Overall, the students were satisfied with the training, especially because of the lack of interprofessional and team training they received in school. They also reported that the simulation helped them avoid preconceived attitudes and prejudices that are sometimes experienced during interactions between health professionals in different fields. Further research is required in this field of simulation study to identify how different learning styles in team training help influence whether or not the participants gain clinical and nontechnical skills in simulations.



Rosen MA, Salas E, Wilson KA, et al. Measuring team performance in simulationbased training: adopting best practices for healthcare. Simul Healthc. 2008;3:33-41 Rosen et al explain that feedback and remediation are the 2 most crucial concepts when evaluating the effectiveness of a team’s performance during training exercises. The authors note that simulation has been found to be useful in increasing safety in existing medical fields, including anesthesiology and emergency medicine. As such, finding tangible measurements within a simulation to define appropriate process is a step in improving team performance because it provides concrete ways in which a team can improve to create a safer patient environment. Rosen et al describe 13



criteria that should be used to create an effective simulation that can lead to improved decision quality: • Use theory to create basic measures: Focus on critical aspects of performance that center on improving team effectiveness. • Design measures to meet specific learning outcomes: Make sure that the critical aspects are established and relevant. • Capture competencies: Keep the performance measures directly related to the appropriate competencies. • Measure multiple levels of performance: Multiple levels of performance refers to differentiation between different tasks, such as identifying if a single error was due to a teamwork problem or individual skills. • Capture competencies: Make sure that the criteria used to train someone are pertinent to the simulation exercise. • Measure multiple levels of performance: Simulation exercises should not just focus on outcomes but should also examine issues such as teamwork and individual skill acuity. • Link measures to scenario events: If critical events are linked to training goals, team members can then aim to perform the objectives and tasks outlined in the simulation scenario. • Focus on observable behaviors: It is well known that interobserver ratings can vary greatly; consequently, creating a more objective list makes it more accurate and reliable. • Incorporate multiple measures from different sources: Teamwork is multidimensional; as such, observers need to create an effective strategy to evaluate teamwork via multiple critiques. • Capture performance processes in addition to outcomes: Outcome measures are a combination of multiple performance factors; as such, a process measure that examines how the outcome was achieved allows for a more effective analysis. • Create diagnostic power: Diagnostic measures are important for providing accurate feedback because they allow the evaluators to not only provide detailed information to the team but also allow them to find ways to improve their scenario design. • Train observers and structure observation protocols: As mentioned, creating a training program for observers helps reduce interobserver variability, thereby, producing more reliable results. • Facilitate posttraining debriefs and training remediation: The team performance evaluation is
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American Journal of Medical Quality 26(3) only 1 component of the simulation; providing postperformance feedback is an essential step that allows the scenario to be very effective.



One of the key problems with a simulation is how to provide effective feedback to both teams and individuals; Rosen et al explain that applying the above key measures to a simulation scenario is essential to create an effective simulation.



Salas E, Wilson KA, Lazzara E, et al. Simulation-based training for patient safety: 10 principles that matter. J Patient Saf. 2008;4:3-8 Anesthesia crisis management training is a well-documented aspect of simulation research. This form of team training was derived from Federal Aviation Administration flight simulation training using high-fidelity simulators. Salas et al discuss the importance of simulation-based training programs and placing an emphasis on teamwork, communication, and the present situation rather than the specifics of operating the simulator. The 10 principles discussed in this article touch on the design, development, and implementation of simulation-based training. Salas et al discuss a wide range of goals, from promoting needed competencies to determining the effectiveness of training. Simulation-based training can improve patient care significantly when the factors of design, delivery, evaluation, and transfer are taken into consideration. This article sheds light on the full potential that simulationbased training can achieve in health care.



Smith-Stoner M. Web-based broadcast of simulations: expanding access to learning. Nurse Educ. 2009;34:266-270 Smith-Stoner introduces a new technique of expanding simulation beyond the classroom via Internet broadcasting. In this way, “Students both in and outside the simulation center can observe simulations and participate in a debrief afterward” (p. 266). This method is especially useful for rural nursing programs, where there are few, if any, simulation centers and a dearth of qualified clinical faculty. In this case, the author reports that simulators at her institution serve 500 students on 2 different campuses and that by using this Web-based broadcast method, her institution (California State University, San Bernardino)



is now able to broadcast their simulations in a cost-efficient manner that eliminates issues of money and distance. The author also mentions that the simplicity of the equipment required (Internet access and a camera with a microphone) also serves to mitigate matters pertaining to funding and distance. In terms of logistics, broadcasting the simulation online allows fewer students to be in the simulation room at once, creating a more intimate environment; this environment has helped reduce student anxiety during the simulation. To maintain observer participation, the author emphasizes that there must be planned activities in order to maintain attention. In this case, students are expected to evaluate the simulation scenario immediately after it takes place; in addition, the staff have created a contingency plan in case of an audio– video malfunction, which encourages students to pay attention and understand the purpose of the simulation. The author concludes by describing how the cost-effectiveness and simplicity of Web-based simulation can serve as a tool to allow a wider audience to view simulation and mitigate issues related to distance and lack of faculty training in simulation. Declaration of Conflicting Interests The authors declared no potential conflicts of interest with respect to the authorship and/or publication of this article.
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