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ABSTRACT

THE USE OF SIMULATION IN CAUSAL ANALYSIS OF SENTINEL EVENTS IN
HEALTHCARE

James E. Davis

Dana S. Kaminstein

Annually, over 200,000 people suffer injury or death due to preventable medical
errors. Unintentional medical errors continue to be a problem despite repeated attempts
within health care to reduce sentinel events. High Fidelity Medical Simulation (HFMS)
provides a realistic, computer generated patient care environment. Simulation has been
used successfully to educate and train healthcare providers. Little research has examined
how simulation could contribute to the investigation of causal analysis of sentinel events
in healthcare. This dissertation addresses the question: How can medical simulation play
a role in the understanding of sentinel events in healthcare? Three sentinel event cases
were identified and investigated using typical morbidity and mortality (M&MC)
methods. Ten contributing factors averaging 3.33 (2-5) were found in each sentinel
event through traditional debriefing. Nineteen additional contributing factors were
identified through simulation averaging 6.3 (4—7) additional contributing factors.
Simulation provided a 65.5% increase in causal factors of sentinel events compared to
traditional debriefing. In addition, there were an additional fifty-eight points of learning

that were identified through the simulations and debriefings. This research concludes that



the use of medical simulation can increase the understanding of contributing factors to

sentinel events in healthcare.
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Chapter 1
Introduction

Despite several methods currently used to understand the contributing factors to
sentinel events, medical error continues to impact patient care delivery. This dissertation
examines how the use of medical simulation can contribute to causal analysis of sentinel
events in healthcare. The goal of this dissertation is to see how simulation can enhance
the current methods of investigating sentinel events to promote a deeper understanding of
the factors that contribute to sentinel events.

In June 2014, a headline in the Washington Post read, “Once again, U.S. has most
expensive, least effective health care system in survey.” The article by Post journalist
Lenny Bernstein describes how the United States spends $8,508 per capita on health care
yet continues to struggle with efficiency and safety in the delivery of patient care. Karen
Davis, the lead author of the study referenced by the Post article, stated, “It’s a matter of
accountability, having information on your performance relative to your peers and being
held accountable to achieving a kind of care that patients should expect to get”
(Bernstein, 2014). This has been a continual struggle for healthcare since the 1999
Institute of Medicine (IOM) report To Err is Human, which detailed how the medical
community was responsible for an estimated 98,000 deaths a per year related to harm
caused to patients by those providing their care.

A report in the Journal of Patient Safety weighted the averages of four previous

research studies about patient safety and concluded that over 210,000 deaths per year



were related to preventable patient harm in hospitals (James, 2013). Although initially
disputed within healthcare, attempts to decrease the risk associated with hospital
admission is a national issue, and there is consensus that the number of deaths related to
preventable error continues to climb despite advances in technology and research
(Institute of Medicine, 1999). In response, patient safety initiatives have captured the
attention and interest of healthcare accreditation organizations.
Joint Commission Accreditation of Healthcare Organizations

The Joint Commission on the Accreditation of Healthcare Organizations (Joint
Commission) is an independent not-for-profit organization that accredits and certifies
health care organizations throughout the United States (Joint Commission, 2015). Their
mission is to continuously improve healthcare by evaluating healthcare organizations and
their patient care programs. They promote themselves as being an advocate for safer
patient care and have developed guidelines for retrospectively addressing sentinel events
in healthcare. The Joint Commission defines a sentinel event as “an unexpected
occurrence in healthcare involving death or serious physical or psychological injury, or
risk thereof” (Joint Commission, 2014). Investigating the factors that influence a sentinel
event is known as root cause analysis (RCA). The factors that contribute to the sentinel
event may involve a finding related to the people, the process, or the system that people
work within. Frequently there is more than one contributing factor to an adverse event
and each contributing factor offers a potential training opportunity or process redesign to

reduce future risk.



Since the landmark IOM report in 1999, there have been many attempts within
healthcare to reduce sentinel events and promote patient safety. Health care
organizations have spent considerable funding, training, and additional staff resources
attempting to reduce the number of reportable medical errors (Andel, 2012). Systematic
changes have included electronic medical records. This technology was expected to
reduce medication errors related to poor physician handwriting (Sittig, 2010). Training
and education programs on conducting investigations of causal analysis have been
developed, specifically for healthcare, in an attempt to better understand error. Yet, with
all the advances in healthcare and attempts to make patient/care giver encounters safer,
The Joint Commission has reported an increase in sentinel events every year in almost
every reportable category since the release of To Error is Human (Joint Commission,
2015).

Highly Reliable Organizations

The public expects certain standards from organizations that provide services. As
an example, travelers expect to get to their destinations safely when you fly by
commercial aircraft. The public expects no less from health care. A highly reliable
organization (HRO) is defined as one that recognizes that failure can lead to catastrophic
consequences and that puts systems or processes in place to reduce the associated risks
(The Joint Commission, 2015). HROs then evaluate the organizational and system wide
impact over defined periods of time. The general public expects health care institutions

to be highly reliable even though patients are increasingly concerned about students



practicing skills on them (Okuda, 2009). Many organizations known to be highly reliable
utilize simulation technology to enhance learning, reduce costs, and promote safety. This
includes the military, airline industry, information technology, and to some extent, health
care. The aviation industry has invested heavily in simulation technology and believes
that the return on investment saves time, money, and lives (Dahlstrom, 2009). Today, the
military F-35 pilots complete 72% of their training in a full mission simulator (Hunt,
2007; Brand Studio, 2015). Although the aviation industry has considerable experience
with simulation, health care is still experimenting with the possibilities.
Statement of the Problem

The World Health Organization estimates that between 5% and 15% of patient
hospital admissions in developed countries result in error (World Health Organization,
2008). There has been considerable work in the area of error reduction in healthcare, yet
the incidents of preventable medical errors continue to climb (The Joint Commission,
2011). A recent study from John Hopkins University cited medical error as the third
leading cause of death in the United States (Makary, 2016). Although several methods
are available to investigate the cause of errors in healthcare, research concludes that the
current systems of investigation and error reduction strategies are obsolete and should be
replaced by more modern approaches (Stoop, 2012). This is a problem, because
organizations are using methods to conduct causal analysis that are outdated and have
challenges associated with their use (Liu, 2005). These methods are reactive, lack

learning potential, and are outdated (Stoop, 2012).



Other industries that the public expects to be highly reliable have successfully
used simulation, and simulation has more recently proven its value in patient safety and
student education (Fatimah, 2010). However, as simulation technology continues to
evolve, the health care community has not conducted sufficient research to determine
how this technology may contribute to causal analysis in sentinel events in healthcare
(Issenberg, 2011; Cheng, 2014). Although considerable funding has been appropriated to
support simulation programs, health care organizations have failed to determine whether
simulation can enhance current strategies of RCA and promote patient safety through a
defined causal analysis program. The primary focus of this research was to determine
how health care can enhance medical RCA through the re-creation of a sentinel event
scenario using simulation.

Therefore, the primary research question (RQ) to be addressed in this research
project is: How can medical simulation play a role in the understanding of sentinel events
in healthcare? This project is timely and current, because patient medical errors
contribute to 200,000 annual preventable deaths and ten million lost days of productivity
(Institute of Medicine, 1999). In 2008 alone, costs of medical error surpassed $19.5
billion dollars (Andel, 2012). This project is of interest to me personally. I currently
serve as the Assistant Fire Chief of Training and Emergency Medical Services (EMS)
with the Columbus, Ohio Division of Fire, where my job responsibilities include
investigating sentinel events within the EMS response system. I have completed

graduate education in operational excellence and process improvement at The Ohio State



University. The focus of this education was on enhancing productivity, process
improvement, and problem solving. Through these experiences, I look to contribute
original research to enhance patient safety in healthcare by exploring how simulation can
contribute to the understanding of sentinel events in healthcare.
Research Goal

In order to complete this research, development of a deep understanding of issues
that contribute to errors in healthcare and investigated and how other professions learn
from errors associated with their practices was required. I examined other methods used
to study errors in healthcare that attempt to provide a comprehensive understanding of
contributing factors involved in a sentinel event. Based upon this perspective, |
attempted to contribute original research that studies the use of medical simulation as an
adjunct to traditional methods of investigating errors in healthcare. By following this
process of research development, I hope to determine if simulation can provide additional
contributing factors to a sentinel event that may not have been found in traditional
methods of investigation. I hope to provide a framework for healthcare to incorporate
medical simulation in the understanding of sentinel events to create a safer patient
experience.

Significance of the Study

A growing body of research demonstrates that medical simulation can be used in

health care to support learning and promote patient safety (Fatimah, 2010; Aggarwal,

2010). Students placed in a simulated environment have physiological responses such as



elevated heart rates similar to live patient encounters (Hinchley, 2011). Because learning
can occur through simulation and the simulated environment triggers a response that is
similar to the real environment, simulation is therefore a good candidate for learning
more about sentinel events. Can a health care organization use medical simulation
prospectively to enhance learning with a goal of reducing the risk of error associated with
patient care? Can a health care organization use medical simulation retrospectively to
understand the contributing factors of a sentinel event? If the goal of health care is to be
highly reliable, then the value of this research project is in reducing the risk of avoidable
death or injury to patients. Through the creation of an experiential learning environment
that enhances patient safety, we may use simulation to understand additional contributing
factors to sentinel events.

Limited empirical research is available to demonstrate how medical simulation
may contribute to a causal analysis investigation involving the poor outcome of a patient.
I propose the introduction of simulation into the process of completing a causal analysis
of a sentinel event in healthcare. The purpose of this research project is to examine how
the use of simulation could promote better understanding of sentinel events in healthcare
by re-creating the specific circumstances of the adverse event through simulation. My
goal is to understand the strengths, weaknesses, and opportunities that medical simulation
offers in a causal analysis of sentinel events in healthcare. I hope to provide a framework

for developing a causal analysis program that uses simulation to recreate the conditions



around the sentinel event. The hope is that this research will contribute to learning and
patient safety.

It was important to review the current research regarding the use of medical
simulation to promote patient safety through educational experiences to understand how
this technology has evolved and currently contributes to patient safety through education.
I hope to expand the research in this area by using medical simulation to understand
sentinel events through re-creation of an adverse event in a simulated setting. This
research will be relevant to any organization that delivers patient care or develops new
policies, products, or procedures involving the delivery of patient care. As well, those
that investigate the failure opportunities or contributing factors to medical error in low
frequency — high risk (LFHR) events involving patient care may benefit. This research
attempts to determine whether the systems currently used to increase patient safety could
be improved upon and if medical simulation could play a role in promoting safety and
learning. Furthermore, the literature review that follows demonstrates that limited
empirical research is available to answer the question of whether using medical
simulation to complete causal analysis in LFHR patient care encounters is valuable.

Literature Review

The literature that was reviewed for this project begins by understanding medical
simulation and discussing human error. In order to understand how medical simulation
may benefit causal analysis in sentinel events, one must examine how human interaction

contributes to errors in health care. The literature review also examines how different



methods of causal analysis can be applied both prospectively and retrospectively to
understand root cause in sentinel events. Literature was assessed on the benefits,
challenges, and gaps within the current methods health care uses to investigate sentinel
events. In other high-risk industries, learning from errors and near misses is a long
established practice (Liker, 2006). The literature review examines how other professions,
such as aviation, have used the tools of causal analysis to become highly reliable.
Techniques used in other high-risk industries could also be used in healthcare to gain a
better understanding of the underlying causes of error in healthcare (Woloshynowych,
2005). The literature review also includes root cause analysis, simulations, and failure
mode effect analysis. A complete literature review is provided in Chapter 2.
Assumptions

Every research study is built on some underlying assumptions. In this research
study, one assumption is that contributing factors to human error in healthcare will
involve people, processes, and procedures. It was also assumed that medical simulation
can be used to complete a causal analysis in sentinel events. Another assumption of my
research is that if we place teams into a simulation laboratory and recreate the sentinel
event scenario through simulation and debriefing, then through active experimentation
and reflection, we can provide additional learning opportunities and identify contributing
factors to better understand the sentinel event. This may include knowledge gaps,
equipment issues, and/or inadequate policies. It was assumed that through active

participation in debriefing, we would be able to alter a process, improve education of
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those involved, or identify additional factors that need to be addressed within the
organization to promote patient safety.

Another assumption of my research is that more than one contributing factor is
involved in a sentinel event, and that the lack of adequate communication among team
members is a primary contributor to errors. Another assumption is that staffing and
department budgets are a barrier associated with using medical simulation. Additionally,
organizational support is assumed to be a barrier due to the liability that the organization
may experience if an identified error is determined to be a contributing factor to the
sentinel event.

Conclusion

This project addressed the question: How could medical simulation play a role in
the understanding of sentinel events in healthcare? Medical simulation is a proven
method of providing realistic medical education (Fatimah, 2010), because conditions in
the environment can be modified dependent upon the student’s actions. The use of
medical simulation allows the student to gain skills and apply learning points in an
environment that is safe from harm to human patients to “bridge the gap between
knowing and doing” (Hunt, 2006). Even though there are several methods currently used
to review sentinel events in healthcare, most of these methods have strengths and
weaknesses. In addition, although medical simulation is a successful method of training
and educating healthcare providers, there is limited research to demonstrate its use in

causal analysis. The significance of this project is in creating research that demonstrates



how medical simulation could contribute to a deeper understanding of medical error to
enhance patient safety during a causal analysis investigation. A major goal of this
research is to determine how medical simulation can contribute to an understanding of

the root causes of sentinel events in healthcare.

11
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Chapter Two
Literature review

This literature review supports the research question related to how medical
simulation can play a role in understanding sentinel events in healthcare. To support the
methodology employed in this research, it is important to understand what simulation is
and how simulation is used throughout learning, specifically in medical education. In
addition, it is important to understand how different types of error impact patient safety
as well as what methods are currently used to prevent and investigate error. This
literature review describes the human, educational, and systematic factors that contribute
to error. This literature review examines the available research regarding how sentinel
events in healthcare are currently investigated and what the barriers are to a successful
investigation utilizing the current methods.

The literature review discusses how other industries use simulation, how the use
of simulation has made these industries highly reliable in the delivery of services, and
what impact medical simulation may have on furthering the understanding of a sentinel
event in healthcare. The literature provides evidence that the current methods of
investigating sentinel events are outdated and have challenges associated with their use.
The literature review concludes by citing research that indicates that medical simulation,
used in conjunction with current prospective and retrospective methods of investigation,

may increase patient safety and our understanding of sentinel events.
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The current literature does not specifically address the steps of implementing, the
associated costs, or the training component of a causal analysis program using medical
simulation. Therefore, evidence on how to implement a successful simulation program is
lacking in the literature. This informs the interest and timeliness of this research. One
premise of this research is that there would be benefits in conducting additional research
on how medical simulation can play a role in causal analysis. One research project has
examined this issue, and the same research was reported in several journals, giving the
impression that more research has been conducted than has actually taken place.
Simulation is often used in medical training, yet the literature has not probed deeply into
whether it could have an expanded role in the prevention and understanding of sentinel
events in healthcare.

The Use of Simulation in Healthcare

Simulation has been defined as something artificial that replicates the look, feel,
or behavior of something real (Aggarwal, 2010; Barbeito, 2015). Simulations are
conducted by many disciplines, including banking, military, and aviation, to imitate
actual or potential conditions and to study the impact of decision making on an
organization prior to the actual decision making (Bradley, 2006; Aggarwal, 2010). The
use of simulation for training originated with military aviation (Bradley, 2006). Due to
an increase in aircraft accidents, the aviation industry developed airplane simulations to
train new pilots on the controls involved in flight (Rosen, 2008). The primary focus of

training was on developing the cognitive and psychomotor skill sets required to reduce
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accidents (Rosen, 2008). Although expensive, the airline industry has recognized that
investing in simulation technology creates an environment that saves time and money.
Simulation allows for the development of knowledge and skills to promote resilience
within the pilot teams to recognize, absorb, and quickly adapt to events that fall outside
the norm (Dahlstrom, 2009).

Simulation is not new to medical education, and today it is used extensively in
medical education. In 1960, medical educators were seeking a solution to provide
realistic cardiopulmonary resuscitation (CPR) training. This led to the development of
Resuci-Anne®, the mannequin used for CPR training, trademarked today by the Laerdal
Corporation. This work is considered the first use of low fidelity medical simulation for
training (Bradley, 2006; Rosen, 2008; Aggarwal, 2010). The term fidelity is used to
describe the authenticity or realism of the learning experience (Maran, 2003). There are
three forms of learning fidelity related to simulation: low, medium, and high. In a low
fidelity simulation, learning outcomes are focused on skill repetition and are generally
low-cost options for educating. This includes equipment such as the CPR training
mannequin (Maran, 2003). Medium fidelity simulation increases the realism for the
learner using more complex mannequins but are not fully interactive. In high fidelity
medical simulators (HFMS), advanced full-body computer technology replicates real life
situations. Aside from using actual human encounters for learning, high fidelity
simulators provide the most realistic student learning experience available today (Maran,

2003).
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Healthcare simulation technology provides a realistic learning environment
whereby the medical team is immersed in the setting where patient care occurs, with real
scenario-based education (McGaghie, 2010). The health care community can use
simulation-based learning to reduce errors and improve patient safety when it is designed
and delivered appropriately (Salas, 2005). Patient safety is enhanced because all
procedures are completed on a full-size, life-like computer mannequin, not upon human
subjects (Bradley, 2006). Through integration with computer programs, these
mannequins are fully functional and allow student-to-mannequin interaction. The
mannequins appear to come to life during the simulation experience. They verbalize
complaints when asked, have the capability to generate heart rates and blood pressures,
and respond to the actions of the health care provider. This is all managed through an
instructor who controls the parameters of the scenario with a computer program that
alters the course of the patient’s condition based upon the actions of the medical team.
Since simulation can replicate conditions experienced during the course of care, scenarios
can be programmed into the computer, and the scenario will automatically respond to the
actions of the participants (Maran, 2003). Procedures such as defibrillation can change
the heart rhythm, medication administration can change blood pressure and heart rate,
and oxygen administration can change oxygen saturation if programmed to do so by the
faculty leader (Maran, 2003).

The high fidelity simulation systems have the ability to record, evaluate, and

provide immediate feedback, through debriefing, to students upon completion of the
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simulated training experience. Therefore, students and instructors are active participants
throughout the learning experience. Through the use of simulation, the students can
reinforce old tasks and simultaneously build on these experiences to perform more
complex tasks. This form of education promotes problem-based learning (Hunt, 2006).
Although the use of this technology in medical education has expanded greatly, the
evidence emerging from the use of the technology is limited (Bradley, 2006).
Medical Simulation in Learning

As advances in health care continue to evolve, the complexity and challenges
associated with providing safe, effective care increases. Recognizing that patients have
become more engaged in their plan of care, institutions providing medical education have
been asked to better prepare their students for the increasing complexity of healthcare.
However, the pedagogy has not advanced at the same rapid rate of medical innovations
and technology (McLaughlin, 2014). In a 2009 article in the Mt. Sinai Journal of
Medicine, researchers concluded that patients were increasingly concerned about students
practicing skills on them (Okuda, 2009). This demonstrates the challenges of providing
medical education when students feel inadequately prepared in areas related to history
taking, physical examination, diagnosis, and management of their patients.

Today, medical educators are increasingly encouraged to use medical simulation
for initial training, because simulation has the ability to teach to all levels of health care
students without the risks associated with live patients (Hunt, 2006; Fatimah, 2010).

Development of knowledge occurs throughout the learning process and forms the basic
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building blocks of student growth and understanding (Safard, 1998). Described as
scaffolding, the learning builds upon itself. Evidence from several healthcare disciplines
shows that simulation can improve knowledge and skill performance (McKenna, 2015).
The use of simulation-based learning allows the learner to gain these skills and reaffirms
teaching points in a safe environment that is comparable to a clinical setting without
increasing organizational liability due to risk of patient injury (Aggarwal, 2010; Cheng,
2014). Simulation can be an effective strategy to practice skills, develop routines, and
practice safety behaviors through addressing reactions that can lead to medical errors
(McKenna, 2015).

As an example, two-person teams of EMS providers were placed in a simulated
scenario of an infant with altered mental status (Lammers, 2009). Using a consistent
scoring matrix, each team was assessed for the care provided to this simulated ill child.
Fifty-five teams took part in the scenario. Just over 50% of the crews accurately checked
the blood glucose of the patient, and there was a 54% failure rate at providing adequate
ventilation. Equipment malfunction was identified in several cases, and the crews also
found that equipment was being stored incorrectly. The case required two different
medication administrations. Medication errors occurred in a combined 53.5% of the
simulations. The results of this study concluded that simulation followed by immediate
debriefing uncovered underlying causes of errors related to procedures, cognition,

teamwork, and other error-producing conditions (Lammers, 2015).



18

In addition, a 2011 survey conducted by the Association of American Medical
Colleges confirms that simulation is used primarily for education and that a gap exists in
the use of simulation to promote quality improvement (Passiment, 2011). Of the 90
survey responses received from teaching hospitals, 81% of the responses described using
simulation for educational purposes, while only 30% cited simulation use for quality
improvement (Passiment, 2011). Several research studies have demonstrated clinical
improvements in areas where simulation is used, including an increase in medical
knowledge, comfort in procedures, and improvement in team performance and clinical
skills (Smith, 2014). A study of 72 simulated cardiac arrest scenarios was conducted
within a Veteran Affairs institution over a three-year period. The simulation identified
several environmental, human, cultural, and policy issues. A multi-disciplinary team was
able to develop solutions to each of the identified problem areas. They then conducted
additional simulations to try the restructured system and concluded that simulation was
able to identify and mitigate latent hazards that impacted the patient encounter of cardiac
arrest in their response system (Barbeito, 2015).

Although the evidence appears to validate that simulation can be used for
learning, the success of simulation is dependent upon several factors (Cheng, 2014).
Because the student comes to the classroom with some prior experiences, these
experiences are transferred into the new learning. Although previous experiences can
establish a strong baseline for advancing education, it can also be counterproductive to

approaching new learning with an open mind, potentially impacting students’ cognitive
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development due to previous street experiences (Anderson, 1996). For example, a gap in
learning frequently occurs between understanding the need for a medical intervention and
the implementation of that intervention. Similarly, Reber (1993) found that a student
may have strong procedural knowledge, such as knowing when and how to accomplish a
task, yet be unable to coorelate that procedural knowledge with the reason they are
completing the task. This is where patient safety begins to be compromised and the
incorporation of medical simulation may be a benefit. Simulations could involve a new
student or an experienced provider that is learning a new procedure or updating
knowledge because their skills are under-utilized. The instructor in these situations can
design personalized training that is authentic and directed specifically to the deficiencies
identified by the learner or the instructors (Wortham, 2003). This is supported by Okuda
(2009), who concluded that research conducted on simulations has demonstrated
advantages in cognitive development during these types of learning situations, although
more studies are needed to determine if simulation training improves patient outcomes
over the long term. Although simulation can enhance learning, we must understand the
contributing factors to human error in order to determine how simulation could contribute
to a casual analysis program.
Understanding Human Error

Few health care providers intentionally cause harm to a patient while providing

care. Since health care is a complex environment, to appreciate how simulation can

impact the understanding of sentinel events, we must understand how human error
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contributes to sentinel events. A complex system is defined as steps in a process that
have multiple components that may be independent or interdependent of each other and
are not always predictable (Plsek, 2001). Any variation in the performance of these
components can lead to overall systematic failure of the product. Introducing human
factors into a complex situation like healthcare creates opportunities for failure; however,
simulation may be able to enhance our understanding of what causes those failures
(Rouse, 2008).

According to a 2014 publication Clarity: A Patient Safety Organization systems
that patients encounter within healthcare are dynamic, complex, and depend upon
individual behaviors that result in the collective organizational behavior Since health care
has different levels of complexity, it is essential to recognize failure opportunities that
require additional assessment (Campbell, 2007). Sidney Dekker (2006) believes that in
order to understand the causes of variation within a process, we need to study human
error. This literature review will describe the types of errors frequently identified during
sentinel event investigations and how human and systematic issues impact the incident of
error.

Human versus Systemic Elements

Frequently, investigations of sentinel events will find human error as a
contributing factor without further investigating additional underlying factors. Often
described as the bad apple theory, human error is related to erratic behavior from

unreliable people. In these situations, the response of management is often to retrain or
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hold individual team members accountable by tightening policies and procedures
(Dekker, 2002). Although additional training is an essential component and is easily seen
as the “fix” to error-related issues, it is not always the sole means of reducing error.
Many problems believed to be associated to cognition or human error may
actually be attributed to poor system design. When you put good people into a process
where the education or the systems are flawed, error is likely to occur (Sittig, 2010).
Human error is then more likely when people pursue excellence in an imperfect system
(Dekker, 2006). If the system does not function well for the people that are operating
within the system, they will find shortcuts to circumvent the poorly functioning process
(Rouse, 2008). Investigations may conclude that the error occurred because someone did
not follow a policy or an operator failed to notice certain data or did not follow
procedures set forth. However, underneath every simple, obvious error is a deeper, more
complex situation where well-intentioned people work in imperfect systems. The health
professional’s deviance from accepted practice is almost never performed with a criminal
or malicious intent (Banja, 2010); rather, it frequently occurs as a result of intentional
rational actions (Rudolph, 2006; Rouse, 2008). To those involved in the sentinel event,
how the team framed or rationalized the specific situation at the time it was occurring is
an important consideration to investigate. Described as intentional rational actions, staff
assumes their deviance is not only legitimate but acceptable and necessary (Banja, 2010),

because the actions that retrospectively were incorrect may have made perfect sense to
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the team at the time of injury. In hindsight, clues that may have been evident were
missed.

This could be where simulation begins to provide an advantage during the
investigation. By recreating the events and placing the team in the simulated conditions,
we may be able to determine the conflicts that staff members had that may have
contributed to the sentinel event. However, reconstructing human contribution to error is
not easy, because the events must be triangulated from many sources of data (Dekker,
2002). Although some of the data is easy to obtain, other information is much harder,
such as when you try to include the actions, thoughts, and assessments of those involved,
which can lead to hindsight bias (Dekker, 2002). In addition, participants may have
additional information available to them during the simulation, such as what was actually
wrong with the patient. Since this information was not available to them during the
actual case, they may find it hard to reflect on their thoughts and actions at the time the
case was developing. This is an example of hindsight bias. Since a team already knows
the outcome, they may change their decision making to reflect what they now know
versus what they were experiencing. Hindsight bias was explored by Dekker (2002) in
an attempt to help investigators avoid this bias. He concluded that the variables are hard
to control, although it was clear that further development of strategies to systematically
reconstruct the human contribution to accident investigation was needed (Dekker, 2002).

System problems such as the facilities, working environment, equipment design

or placement, policies, culture, leadership, and level of teamwork are all known
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contributing factors to sentinel events. Understanding that additional factors or
underlying conditions can influence the understanding of errors in healthcare, simulation
offers an opportunity to investigate other possibilities (Hunt, 2006). Understanding the
vulnerabilities and failure opportunities of sentinel events can be accomplished by
creating similar conditions and studying the team performance (Davis, 2008). Simulation
has the potential to contribute a greater understanding to these systematic problems;
however, the application of these concepts and methods to healthcare is lacking
(Barbeito, 2015).
Types of Error

There are generally three types of error that occur in medicine. Procedural error
occurs as a result of a technical problem associated with the completion of a procedure
involving patient care. Affective error occurs as a result of allowing emotion to influence
decision-making (Fu, 2014). Frequently, the emotion that the caregiver is experiencing
clouds judgment, and then the best, most reasonable decision is ignored. Errors in
cognition are a result of a poor thought process by the caregiver (Fu, 2014), and remain
separate from knowledge or procedural errors (Park, 2014). Although medical simulation
has been identified as an effective tool for medical educators to optimize training
opportunities, it is still evolving in other areas such as understanding of sentinel events
(Fraser 2011, Fraser 2015). Early studies believed that the health care community could

significantly benefit from using simulation based training to reduce errors and improve
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patient safety, provided that performance measurement, feedback, team dynamics, and
cognition of the learner were all considered essential elements (Salas, 2005).
Cognitive Process

Although individual experiences can establish a strong baseline for advancing
education, it can also be counterproductive to approaching learning with an open mind,
impacting cognitive mediation due to previous street experiences (Anderson, 1996).
Each individual experience is transferred into new learning (Kolb, 2014). Errors that are
caused by faulty thought processes instead of inadequate knowledge are called cognitive
errors and can be attributed to individual bias, poor learning, emotions, or other cognitive
elements (Stiegler, 2015). A learning gap exists when there is ineffective delivery,
incorrect content, or lack of proper instructors or when the experience exceeds the mental
capacity of the learner (Fraser, 2014). Instead of assuming that a gap in learning is a
contributing factor to a sentinel event, it may be possible to use simulation to create an
environment where a gap in knowledge could be identified, because a connection exists
between simulated training experiences and learning outcomes (Sweller, 1988).

Training-induced cognitive bias can impact performance due to a decision based
on incomplete patterns of thought or judgment, which then threaten patient safety (Park,
2014). To understand how medical simulation can contribute to causal analysis in
healthcare, it is important to understand how experiences are translated to new learning.
There is correlation between performance in a simulated patient care scenario and a

validated cognitive examination (Studnek, 2011). Paramedics work in difficult, complex
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situations without direct oversight. Their lack of adequate knowledge during complex
patient care scenarios can place a patient at risk related to unintentional error during
patient care (Studnek, 2011). It is therefore important to understand how a lack of
knowledge or the incorrect application of knowledge impacts the understanding of factors
that contribute to sentinel events.

Understanding Sentinel Events

Sentinel events are defined as events that cause harm or risk of harm to a patient
(Liu, 2005). Although health care is a scientifically oriented profession and is expected
to be highly reliable, limited, scientifically grounded investigations of medical error are
conducted (Dekker, 2006). Investigating sentinel events in health care can be difficult,
because most investigations are carried out by members of the organization involved in
the event. That may lead to bias in the analysis of the sentinel event and may prohibit the
organization from conducting a thorough investigation free from influence (Dekker,
2006). This is important because any bias introduced into the investigation will impact
the overall findings of the investigation and lead to research conclusions that may not be
correct.

For the purpose of this literature review, we will discuss both prospective and
retrospective methods of understanding risk within patient care. Prospectively we will
discuss how crew resource management programs have been implemented within high
risk organizations and the impact that these programs have had on safety. We will then

discuss the use of failure mode and effect analysis (FMEA) and how it is used to identify
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failure opportunities prior to an event occurring. Retrospectively we will include the use
of morbidity and mortality conferences (M&MC), which is the long-established hospital
method of exploring medical errors and the use of root cause analysis (RCA), because
these techniques are embedded in other industries and have recently gained interest from
healthcare through The Joint Commission. In addition, we will examine how each
method contributes to patient safety and how these tools, if combined with the use of
simulation, could enhance casual analysis.
Prospective Methods of Preventing Sentinel Events

Many investigative tools are available in healthcare to identify the cause of an
error. However, some of the tools actually are in place to try to prevent error by
understanding how complex organizations operate and how each part of the process has
failure opportunity (Davis, 2008). Many of these tools have been successful in reducing
error over a period of time; however, achieving sustainability over a longer period of time
remains a challenge (Braithwaite, 2006). For the purpose of this research, I will discuss
how crew resource management, checklists, and the use of failure effect mode analysis
have helped make other industries that are expected to be highly reliable.

Crew Resource Management

Crew Resource Management (CRM) was originally developed within the aviation
industry after the determination that an increase in aircraft accidents was related to
human factors. The Federal Aviation Administration (FAA) advisory circular describes

CRM as
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....making the best use of all available resources. CRM training is one way of
addressing the challenge of optimizing the human/machine interface and
accompanying interpersonal activities. These activities include team building and
maintenance, information transfer, problem solving, decision making, maintaining
situation awareness, and dealing with automated systems. CRM training is
comprised of three components: initial indoctrination/awareness, recurrent
practice and feedback, and continual reinforcement. (Federal Aviation
Adminstration, 2015)

Healthcare can be a challenging and stressful working environment. Stressful
work environments produce a number of factors involving communication and working
conditions that increase the risk of error (Konstantinos, 2008; Kutzin, 2010). Team
communication and performance can be studied to identify gaps and vulnerabilities that
increase risks to patient safety (Frankel, 2007). The need for teamwork and
communication in emergency situations are closely linked and are frequently found to be
a common factor in improving patient safety and reducing clinical errors (Kilner, 2010).
Healthcare has attempted to adapt the CRM concept to improve patient safety. Although
there have been isolated successes, poor communication remains a key element of risk
involving patient care (McGaghie, 2010).

In one study, poor communication was determined to be a contributing factor in
up to 70% of sentinel events (Salas, 2008). Kutzin (2010) studied fifty-one nursing

students to determine if knowledge and attitude scores improved after exposure to a
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simulated event involving communication and teamwork. He concluded that a significant
difference in scores existed, demonstrating that simulation is useful for improving
knowledge of communication and teamwork, but it does not improve attitudes of those
involved related to teamwork or communication.

Simulation has been used to enhance training in CRM for health care teams
(Hunt, 2007). Simulation was used within a trauma center CRM program to determine if
it could improve clinical team performance. Two groups were established and found to
have initial similar outcomes. The experimental group was then introduced to simulation
for an eight-hour session that included three scenarios. The results demonstrated
improvement in the handling of the scenarios, and the team members found the training
beneficial. These findings led researchers to conclude that simulation appeared to
enhance didactic teamwork (Shapiro, 2004). How the enhancement of teamwork
translates to performance in patient care is assumed to be improved but was not a part of
the conclusions of this research. Although simulation training is an essential part of the
education strategy to improve patient safety in terms of teaching skills and procedures,
evidence is lacking in the area of utilizing CRM to improve operational performance
within teams at the bedside (Nishisaki, 2007).

Checklists

Each day, 1.7 million passengers board some estimated 50,000 flights (Federal
Aviation Administration, 2011). The U.S airline industry has one of the safest aviation

records in the world. The use of a checklist is a standard part of this safety regimen.
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However, checklists only became a federal standard after the 1935 crash of a Boeing
bomber that was the result of pilot error, due to the failure to release the elevator locks
(Ely, 2011). Crash investigators determined that the increase in complexity of newer
model aircrafts increased the pilot’s opportunity to forget the basic elements of flight that
keep aircrafts safe (Ely, 2011). The federal government began building checklists into
the requirement for airline safety. Today, pilots are required to use checklists to verify all
phases of flight operations to promote safety by helping reduce task saturation and
variation of standard practice.

Since healthcare is a complex system, it is open to considerable variation due to
the differences within clinical practice, organizational structures, information
management systems, research interests, patients encountered, education of staff, and the
skills of practitioners (Plesek, 2001). Checklists are used in some areas of medicine and
have contributed to error reduction in several instances (Mayo, 2011); however, the
application has been slow and not fully embraced, despite the improvement in morbidity
and mortality rates (Thomassen, 2011). Checklists were found to reduce the incidence of
preventable errors in surgery after it was determined that over half of the errors occurring
in surgery were preventable, and communication and teamwork were identified as
primary contributing factors. In a retrospective study, after the implementation of a
surgical checklist, the researchers determined that the rate of death was reduced from
1.5% before the checklist to 0.8% afterward (P = 0.003). Inpatient complications

occurred in 11.0% of patients at baseline and in 7.0% after introduction of the checklist
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(P<0.001), leading researchers to conclude that the inclusion of a checklist was associated
with a reduction in morbidity and mortality (Haynes, 2009). Pronovost (2006) had
similar conclusions after the introduction of checklists to reduce catheter infections.

Over an 18-month period, there was a sustained 66% reduction in catheter-related
bloodstream infections in the intensive care unit, concluding that the implementation of
checklists improved patient outcomes and reduced costs associated with hospital-
acquired infections.

Although checklists have had some success, they are not without limitations.
Checklists could lead to a false sense of security that leads to complacency on the part of
the staff (Ely, 2011). Staff could become focused upon the checklists and fail to
recognize other factors that are occurring, which may not align with those anticipated
within the checklist. Staff could fail to follow the entire checklist, deciding to forego
certain aspects of the process or overestimating their knowledge of each process step
within the checklist (Ely, 2011). Simulation may be used for the development and trial of
checklists to assure that they are accurate and complete.

Failure Modes and Effects Analysis (FMEA)

The introduction of new technologies or changed work responsibilities can disrupt
the practice of an organization (Banja, 2010). Failure Modes and Effects Analysis
(FMEA) is a method to identify potential problems with a procedure or patient care
scenario prior to the event happening. Identifying associated risks to patient care can

promote a safer patient care environment (Tschannen, 2010). FMEA is a form of human
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reliability analysis (HRA) that has been integrated into safety management programs
(Lyons, 2004). Failure Modes and Effects Analysis is a process improvement tool used
to identify potential problems. FMEA is a form of human reliability analysis that has
been integrated into safety management programs in other industries, especially
manufacturing. However, it has not yet been completely incorporated into healthcare
quality activities. The goal of conducting an FMEA is to identify an opportunity for
failure or error and weaknesses within a specific system or process prior to an event
occurring (The Joint Commission, 2011). It focuses on a specific process rather than a
specific event by exploring how a failure could occur (Davis, 2008). Contrary to RCA,
which provides a retrospective analysis of what occurred in an attempt to learn from the
event and prevent future issues, FMEA uses a prospective approach to promote
systematic thinking and to identify areas of potential failures prior to the patient care
scenario unfolding (Spath, 2003). Instead of the team investigating the question “what
happened,” they look at “what could happen” (Davis, 2008).

FMEA is encouraged by The Joint Commission and has been somewhat
successful when introduced in healthcare (van Tilburg, 2006). FMEA was successfully
used to reduce the risk of medication errors in the pediatric inpatient setting. A team of
five identified stakeholders who prescribe, process, and deliver medications was
assembled in a pediatric oncology unit. They completed a flow diagram that identified
sixty-one failure opportunity points; fourteen of those points placed the patient at high

risk. They then reviewed policies and determined that four of the failure points were not



32

addressed correctly in their policies and procedures. They introduced a total of nine
recommendations, five of which were countermeasures specifically designed to prevent
the highest risk. The team completed this project over seven meetings and a total of 140
staff hours. They concluded that the FMEA approach was useful in detecting failure
modes and could be successfully utilized in health care (van Tilburg, 2006).

Steps in Completing an FMEA. After the failure opportunity has been identified
and the team members commit to taking part in the FMEA process, a brainstorming
session occurs. During this phase, a description of each step in the process is identified.
Once the process is mapped out, all potential failure opportunities are identified. There
are several methods to document potential failures, including the use of an Ishikawa or
Fishbone diagram, named after the Japanese Professor, Kaurou Ishikawa (Liker, 2006).
All potential causes of failure are categorized based on similarities, namely, failure as a
result of people, method, materials, equipment, environment, and management (Phillips,
2013). The use of these types of tools can enhance critical thinking.

After the identification of potential failure points, the team develops a scoring
system. Each failure is given points based upon the likelihood the event will occur, what
severity its occurrence presents to the patient, and how easy the issue is to detect when it
occurs (The Joint Commission, 2005). The sum of the scores for each event creates a risk
priority number (RPN), which the team can use to address the most significant risks to

the patient care. From there a plan is put in place to address the identified risks.
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Challenges with FMEA in Healthcare. Challenges in conducting an FMEA
include the dynamics of a team, dismissive attitudes, time commitments, and sufficient
education and understanding of team members involved (The Joint Commission, 2005).
There is limited research on the use of medical simulation within an FMEA as a tool to
prospectively identify risk of error in healthcare in conjunction with a causal analysis
program. Although there are limited studies published on the use of FMEA with
simulation, researchers have demonstrated that using FMEA with the process outlined
above provided a more objective, comprehensive, and systematic way to identify system
risks. Through the identification of ten simulated scenarios, based upon actual sentinel
events, they found that simulation provided observers a real-time visualization of both the
sentinel event risk as well as the unanticipated outcome (Davis, 2008). By observing
teamwork and communication, they determined that the inclusion of simulation linked
latent conditions with active failure in a method that traditional FMEA would not
typically identify (Davis, 2008).

Current Simulation Projects of National Attention Using FMEA. Through the use
of medical simulation, a multidisciplinary team may be able to use FMEA to create
conditions that are likely to occur during the course of patient care. This method was
recently used to prepare healthcare providers for the recent Ebola outbreak (Gaba, 2014).
Due to the concerns of disease transmission, simulation was used to train healthcare
providers in the safe and effective management of patients infected with the Ebola virus

(Gaba, 2014). Since the United States lacks experience in managing patients who suffer
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from Ebola, healthcare providers lacked any defined best practices gained from previous
experiences. There was considerable health care provider stress in managing these
patients, because the fatality rate of Ebola is so high. Education was dependent upon
guidelines, policies, and experiences of other countries, but health care workers in the
United States lacked the confidence to know how these policies would work within their
respective institutions.

Stanford Medical Center was able to create a simulation to train health care
workers in strict isolation protocols and identify potential risks to health care providers in
these highly infectious cases. They found that the complexity associated with working in
isolation protection clothing required a unique training environment (Gaba, 2014).
Stanford was also able to use simulation to develop an authentic training environment
and develop methods to prevent risk of exposure to medical staff. The newly developed
protocols were tested in a simulation environment to see how efficient and effective they
were prior to implementation. Post-simulation debriefing provided feedback from those
involved, and suggested changes were made. The use of debriefing makes it possible to
uncover underlying causes of cognitive, procedural, affective, and teamwork errors that
lead to error-producing conditions (Lammers, 2012). This project demonstrates that
FMEA can be accomplished with simulation. The use of simulation during a FMEA can
identify risk points and promote group training in which a team works through an
expected experience prior to the actual encounter. The training occurs in a safe

environment, and lessons learned can then be shared without the risk of exposure to staff



35

(Gaba, 2014). The use of medical simulation in this setting promoted both patient and
healthcare provider safety in a prospective manner.
Retrospective Methods of Investigation of Sentinel Events

Retrospective methods are used after a sentinel event has occurred in an attempt
to understand the factors that contributed to the event (Huber, 2008). When a sentinel
event is identified, a defined chain of events occurs within an organization. A causal
chain is a researcher-constructed linear display of events or actions that suggest a
plausible sequence of steps to understand and communicate a process (Miles, 2014). To
reduce confusion within this project, I identified the term as a process chain instead of a
causal chain to describe the sequence of events associated with completing a causal
analysis. The process flow is dependent upon where the recognition of a sentinel event
occurs and who initiates a causal analysis investigation. The current process of how a

causal analysis investigation occurs is outlined in Figure 1.
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Although it can be a challenge for the organization to agree on what constitutes a

reportable event (Huber, 2008), once the event is defined, the department administration

and quality assurance office completes a review of the specific circumstances of the case.

This may include methods such as the M&MC conference, patient medical record

reviews, and individual interviews to complete the assessment of the events that led to the

sentinel event. From this investigation, a report and recommendation is completed that

discusses what occurred, what the factors were that contributed to the events, and what

countermeasures are developed and implemented to prevent future occurrences.
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Morbidity and Mortality Conferences (M&MC)

Healthcare providers are encouraged to improve their practices by reviewing and
examining specific patient cases. These conferences have a considerable history
throughout most major medical centers, dating back to the early 1900s (Liu, 2005). The
goal of an M&MC is to help reduce future errors and poor patient outcomes by
instructing medical residents about unique patient care that has occurred. The faculty-
facilitated event is generally open to anyone involved in the case that has relevant
information to offer. During the M&MC, the case is presented by someone involved in
the patient’s care. A timeline of events is established, and the clinical event that resulted
in the poor outcome or harm to the patient is discussed. During the M&MC, any relevant
evidenced-based literature is presented, and take home lessons are discussed. The type of
cases discussed may include a poor patient outcome, a complex case, or a near-miss
event. Frequently, these conferences discuss an unusual case rather than discussing
problems and their prevention (Hamby, 2000).

Challenges with M&MC in Healthcare. Although individuals who seek feedback
can discover opportunities for skill improvement and obtain information about the team
(Crommelinck, 2013), research concludes that M&MCs frequently become a game of
deflection and blame (Berenholtz, 2009). Because it is difficult for people to hear their
faults, blame does not promote learning and has been identified as a barrier to effective
M&MC because people are hesitant to take part in the process for fear of being singled

out (Berenholtz, 2009).
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Although it can be a powerful tool, the merit of the M&MC has been called into
question because it can be uncomfortable to discuss failings in front of colleagues, and it
is not always perceived as a safe learning environment (Orlander, 2002). A 2005 study
of more than 1,700 healthcare professionals found that confronting people about
uncomfortable issues, like discussing responsibility for error, was rated difficult to
impossible (Banja, 2010). Lui (2005) reported that a survey of internal medicine house
staff found that 76% did not discuss their most significant medical mistakes with the
patient or family, and only 50% actually informed the supervising physician of the error
(Liu, 2005). Learning effectiveness is reduced when a safe environment for open
dialogue, free from blame, is not promoted. It is often difficult to ensure that
conversations are based on the facts surrounding the case and are not biased by the
opinions of what one person thinks may have contributed to the error.

Recent interest has expanded M&MC to include the use of a process known as
Plan, Do, Check, Adjust (PDCA). PDCA is a continuous loop method of implementing
change into an organization. This includes planning the change, making or doing the
change, checking the impact of the change, and then adjusting the planned change as
needed. Integration of a PDCA cycle within an M&MC was found to decrease failure
rates and improve quality of patient care in some settings (Vogel, 2011). Although this
has demonstrated success, only 10% of teaching hospitals surveyed stated that error
discussion occurred during their M&MC (Pierluissi, 2003). In addition, a John Hopkins

study found that the primary goal of M&MC was for medical management (75%),
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teaching (58%), and finally patient safety and quality improvement (42%) (Aboumatar,
2007). This further demonstrates that the M&MC is not having the impact on the
understanding of sentinel events for which it was originally designed.

Root Cause Analysis (RCA)

RCA is defined as a problem-solving method to determine the underlying casual
factor or factors associated with an event (Williams, 2001). Compared to FMEA, which
uses a qualitative approach to assessment of potential risk, RCA is a quantitative
approach that addresses the cause after the failure (Linkin, 2015). RCA is a retrospective
analysis of the adverse event. RCA was originally designed as an organizational learning
tool to re-establish organizational confidence and legitimacy after an adverse event
(Nicolini, 2011). RCA offers a systematic review of events that may have contributed to
the poor outcome (Lammers, 2012), and it is one way to get people to the table to discuss
an event (Dekker, p.148). RCA is based upon the principle that every effect has a cause.
In fact, in up to 77% of cases reviewed, a chain of errors was documented (Woolf, 2004).
Root cause is constructed through the questions that are asked and the responses received
through the process (Dekker, p.148). Similar to how a puzzle takes shape, an RCA
utilizes additional layers of questioning to dig deeper into the event to determine what
contributing factors impacted the sentinel event.

Aren (2006) determined that team dynamics are important to the success of the
RCA session. The skill to cooperate across disciplines was seen as the most crucial skill

set for organizational improvement. Those involved must be seen as partners and not
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subordinates (Carroll, 2006). Without the proper team members involved in RCA,
understanding what changes need to occur to prevent future errors may be difficult. It is
important that the actual team members that were involved in the case be made available
by the organization to take part in the RCA, because they provide insight to the thought
process and understanding of the events that occurred. To promote patient safety and
develop successful learning related to medical errors, involved staff from every discipline
should be expected to contribute, a structured framework should be deployed to facilitate
the process, and specific staff should be assigned responsibility to investigate the
implementation of recommendations (Berenholtz, 2009).

The use of medical simulation during RCA should concentrate on the actual
events without introducing other scenarios that could happen or may have happened
(Alinier, 2007). Although staff members need appropriate training to conduct an RCA
session, without organizational commitment from the leadership, the RCA program will
not demonstrate success. Regardless of the background knowledge or degree of
commitment the organization has displayed, all staff should receive education and
training on conducting an RCA (Sweitzer, 2005). Aren (2006) also found that failure is
certain without team ownership for development of countermeasures to prevent future
error and without administrative support to remove roadblocks to the project.

Although RCA is a requirement of The Joint Commission, limited research
demonstrates its effectiveness in increasing safety in healthcare (Percarpio, 2008).

However, Bader (2003) was able to show improved quality of care by including PDCA
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within the RCA to evaluate outcomes of patients with traumatic brain injury. Over a
several year period, multiple adjustments were made to patient care that resulted in
changes in medication administration, blood pressure control, fluid management, and
other specific therapies, based upon the continual evaluation of data. Researchers
concluded that the multi-disciplinary team evolved, became more synergistic, and
impacted patient outcomes positively in the severely brain injured patient because of the
on-going evaluation using the PDCA model (Bader, 2003). Additional research
conducted by Bowie (2013) demonstrated that of 82% of respondents taking part in an
RCA, at least part of their recommendations had been implemented, which speaks to the
opportunities to impact change using RCA.

Challenges with RCA in Healthcare. Challenges associated with RCA in
healthcare include the complete development of the case, insufficient methods to control
for variables, and bias introduced by team members (Percarpio, 2008). Additional
concerns identified with RCA include forming the assessment team, ensuring proper
leadership of the team, gathering the proper documentation to complete the RCA, and,
finally, implementing the findings of the RCA to prevent a future issue similar to the one
being investigated (Nicolini, 2011).

Research conducted by Bowie (2013), found the three biggest barriers to success
in RCA was lack of time (54.6%), unwillingness of colleagues to take part (34%), and
inter-professional differences (31%). Supporting this research was an anonymous

questionnaire sent to 252 health professionals about the barriers they experienced with
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the use of simulation in RCA, in which 75% responded that a lack of time was the biggest
hurdle, 45% cited inadequate resources, and lack of feedback was noted by 38.3%
(Braithwaite, 2006). The beliefs and attitudes of those taking part in the causal analysis
simulation can create an RCA environment that is destined to fail; moreover, research
identifies that staff members who participate in the casual analysis can be a barrier to a
successful simulation session (Bowie, 2013). These identified struggles lead to failure to
get acceptance for the process from those involved; therefore, in many cases, nothing
changes despite the best of intentions (Berenholtz, 2009).

An RCA of a sentinel event should occur as soon as possible after the event has
occurred and should focus on the “what and why” of the event, rather than “who”
(Williams, 2001). Failure to focus on the “what and why” can lead to tension between
clinicians who are unable to discuss the case without blaming the error on a person. This
prevents the progression of the conversation toward the formation of solutions to the
problems presented (Aren, 2006).

Although there are many challenges, simulation education may provide an
opportunity to enhance RCA. Since RCA is a discussion of the events, the questions
asked might lead to false assumptions about the contributing factors (Dekker, p.151).
Simulation may enhance the traditional RCA by including a mechanism to re-create the
events with actual hands-on participation from those involved (Hunt, 2006). Making the
RCA process more of a continuous quality improvement (CQI) project and making the

process data-driven can offer deeper understanding for the participants (Quraishi, 2011).
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Simulation offers the environment to make the learning visual and realistic to promote
understanding and enhance the CQI process (Ziv, 2005). In many cases, the parameters
documented in the patient medical record can be built into the simulation scenario to
provide an accurate and realistic casual analysis. The simulation session is performed
over the same timeline in which it actually occurred during the sentinel event and can be
repeated multiple times, if needed, to gather further information (Hunt, 2006).

Medical Simulation Impact on RCA. A series of small research projects has
explored the use of medical simulation in causal analysis and the understanding of error,
but the overall research is insufficient to claim that there is consensus on whether it can
be impactful (Hunt, 2007; Quraishi, 2011; Cheng, 2014). As an example, thirty medical
anesthesiology residents took part in a research study to assess the effectiveness of
medical simulation in root cause analysis. They were randomized into two groups. The
first group was given a lesson on RCA and then placed into a simulation session, whereas
the second group was given a lecture on RCA only. Participants completed a survey
before and after the intervention and six months after the intervention to evaluate their
attitudes and understanding of RCA. The group receiving the RCA only was found to be
considerably more skeptical of using simulation to complete an RCA, and at six months
they retained less information compared to the first group that had completed RCA with a
simulation exercise included. They concluded that medical simulation, used in
conjunction with focused didactics, is an effective way of teaching RCA and promotes

greater knowledge retention (Quraishi, 2011).



44

Another study by researchers at Tulane University used medical simulation in
sentinel events. They examined 460 closed claims that were linked to an error in surgical
technique and had an RCA conducted. The researchers reviewed adverse events over a
twelve-month period and then completed six simulation sessions on one case involving a
missed post-procedural preoperative hemorrhage, which resulted in death. The initial
analysis determined that the presumed cause was the lack of appropriate monitoring and
inattention to signs of bleeding. A simulation was then built from the documented
medical record. In 2 of 6 simulations, they were able to replicate the adverse event.

After completing and debriefing the scenario, they identified more system errors and
revealed the challenges imposed by complex decision-making. The researchers concluded
that the use of simulation for investigation of adverse surgical outcomes is feasible, and
any additional information obtained may facilitate the implementation of corrective
measures and improve patient safety (Slakey, 2014; Simms, 2012). They determined that
simulation can enhance traditional RCA, and they asserted that not only is it feasible, but
it can also contribute to systematic changes (Slakey, 2014; Korndorffer, 2015). Upon
closer assessment of the literature review, it should be noted that it appears that this same
specific research has been cited in a minimum of six different journal articles or poster
presentations since 2011 with different titles and, in many cases, different lead authors.
This is evidence of how little research has actually been completed on simulation in

RCA, although it could appear to someone that considerable research is available on this
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topic. The research that does exist appears limited, repeated in many cases, and includes
small sample sizes.

Hunt (2006) concluded that medical simulation could be a key component within
a health care industry that worked to optimize patient safety and quality. Her
contributions theorized that it may be valuable to reenact the entire situation in a
simulated setting in order to determine what factors contribute to mistakes, such as
ineffective communication, poorly designed equipment, improperly used equipment, and
poor medical judgment (Hunt, 2006). Although Hunt did not specifically address RCA,
her work did address the core concepts of RCA in healthcare.

Conclusion

In summary, patient injury due to the failures of health care providers is a national
concern. Research has shown that medical simulation can enhance patient safety by
removing human patients from the students’ learning. Several methods are in place to
identify risks or causes of failure. The current standard in medicine is to conduct an
M&MC to manage sentinel events. In addition, The Joint Commission encourages the
use of two tools to use with medical simulation to reduce risk to patients, FMEA and
RCA. While both produce benefits, FMEA is a prospective method to reduce the risks
involved to patient care before the event occurs, whereas RCA 1is a retrospective method
of investigation of the cause and effect after the event of harm to the patient has occurred.

In either setting, it is important to determine what the risk is to the patient, how the risk
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can be eliminated, who is assigned the follow up task to assure the countermeasure is
implemented, and how outcomes are measured (Linkin, 2015).

Despite all of the risk-reducing methods that have been developed, sentinel events
in healthcare continue to receive national attention. Levy (2008 p.8) stated, “Health care
does not meet the quality standards we expect from other industry. It does not meet the
quality standards form which health care goods and services are purchased.” New
methods of research are needed to improve methodologies for identifying, and mitigating,
potential system failures (Davis, 2008). Checklists have helped reduce risk of error in
patient care, but they are dependent upon the human factor to use them correctly (Ely,
2011).

Some evidence indicates that RCAs can be completed with medical simulation,
and that it increases safety in healthcare (Bagian, 2002). However, the literature is
scarce, leading to the conclusion that additional research in the area is warranted. The
literature identified that simulation offers the environment to reduce occurrences of real
life error by reducing variation and providing patient care givers with the skills to deliver
competent care and improve critical thinking (Ziv, 2005).

This literature review demonstrates a gap in how medical simulation contributes
to the understanding of sentinel events in health care. Although simulation has been
shown to have value in the re-creation of accidents in the aviation industry, simulation
has primarily been used for education and training in health care. Only small studies are

available on the use of simulation in RCA and the use of current debriefing techniques to
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better understand the contributing factors to sentinel events. This presents an opportunity
to increase patient safety through the understanding of root causes of sentinel events.
This literature review notes that there is little empirical research that addresses whether
medical simulation can be used in conjunction with other risk reduction strategies to
enhance patient safety. The use of medical simulation in causal analysis remains an area

lacking rigorous research and provides an opportunity for additional investigation.
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Chapter Three
Methods

This chapter describes how the research for this dissertation was designed and
how the data was collected and analyzed to answer the research question outlined in
Chapter 1. The literature cited in Chapter 2 discusses the main methods that healthcare
employs to complete a causal analysis of sentinel events. Although methods such as the
M&MC have been used with some success, today they are considered outdated because
they fail to address all underlying causes attributed to poor patient outcomes (Percaprio,
2008). The working assumption for my research was that medical simulation offered the
opportunity to better understand the contributing factors to sentinel events in healthcare.
Although evidence supports the use of medical simulation to enhance learning and the
promotion of patient safety, the literature reviewed provides only limited scientific
evidence of the use of medical simulation to complete a causal analysis (Issenberg, 2011;
Lammers, 2012; Simms, 2012).

The research question addressed in this project is: How can medical simulation
play a role in the understanding of sentinel events in healthcare? Utilizing a qualitative
approach, this project conducted simulations on three sentinel events cases. Through
semi-structured debriefing of the simulations, information was collected on the additional
learning opportunities and contributing factors to each sentinel event. In addition, the
thoughts and experiences of the research participants were collected to assist in

answering the research question and provided the main data for this research.
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Definitions of Key Terms

The following definitions will serve as a guide to the research focus of this
project:

Causal Analysis — Process of determining the true underlying reason that events
occur (Bagian, 2002).

Failure Mode Effects Analysis (FMEA) — A prospective approach to identify
potential failure points in a process or procedure before they occur (The Joint
Commission, Failure modes and effects analysis in healthcare: proactive risk reduction,
2005).

High Fidelity Medical Simulation (HFMS) — The use of technology to create a
learning environment as life-like as possible through enhanced computer mannequins on
which patient care procedures can be completed (Fatimah, 2010; Maran, 2003).

Morbidity and Mortality Conference (M&MC) — Peer reviewed recurring
conferences that attempt to educate physicians and other medical providers by using
actual case studies in which complications and errors occurred during patient care within
the institution (Berenholtz, 2009).

RAD-57 — A non-invasive method of measuring the suspected level of
carboxyhemoglobin in a patient that has been exposed to the by-products of combustion
(Hampson, 2012).

Root Cause — An initial factor that causes an event or events to occur that lead to

a specific outcome (Williams, 2001).
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Root Cause Analysis (RCA) — A problem solving method to determine the
underlying casual factor or factors associated with an event (Williams, 2001).

Sentinel Event — An unexpected occurrence involving death or serious injury to a
patient either physically or emotionally (The Joint Commission, 2001).

Vivid-Trac — A trade name for a device used to visualize the anatomy of a patient
to place a tube into the airway for ventilation purposes. The device has a video screen,
making all participants able to see what is occurring during the use of the equipment
(VividMed, 2015).

Rationale for Qualitative Research Design

Healthcare is a complex system that is dependent upon many interactive
components and experiences. Therefore, a holistic approach is required to effectively
conduct rigorous research, making a qualitative research methodology appropriate
(Miles, 2014). Moreover, since the research involves complex interdependencies and
system dynamics that are not straight forward or cannot by reduced to a few variables,
qualitative research methodologies are well suited to the task (Patton, 2002). For the
reasons stated above, this study used a qualitative research design.

The researcher identified three sentinel event cases from the continuous quality
assurance office of the EMS agency in which the research was conducted. The format of
the study consisted of conducting a traditional debriefing with the crew involved in the
sentinel event, which is a standard procedure for the EMS agency. After the initial

debriefing session, a simulation session was re-created from the patient care record and
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initial debriefing of the sentinel event case. The first simulation involved the providers
who were actually involved in the sentinel event case. After the first simulation, the crew
was debriefed for the second time to determine what additional learning points and
contributing factors they identified. After the initial team completed the simulation
session and debriefing, a second team of paramedics went through the same simulation.
The second team was then debriefed after the simulation session. Finally, a third
simulation scenario was completed using a team of instructors from the EMS agency that
provide education to the paramedics of the EMS agency. The instructors were also
debriefed after the completion of the simulation session.

The research used observations and debriefings as the main methods of data
collection. The use of multiple methods promotes triangulation of the data, offering a
more robust understanding of the issues being investigated and reducing the risk of
research bias (Fielding, 1986, Maxwell, 2013. p.102). Triangulation facilitates validation
through a process of cross verification from two or more sources. The multiple points of
data obtained through observing simulation sessions and debriefings made the data more
robust than a single source of data.

Simulation Group

By conducting simulation sessions and debriefings, I expected to be able to
identify additional contributing factors and learning opportunities beyond what was
identified through the traditional methods of investigation. The simulation sessions

provided an opportunity to observe the engagement and interaction of the participants as
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well as uncover additional issues involved in the sentinel event. Following the simulation
sessions, a debriefing was completed to gain additional insight from the participants. The
linkage between running a simulation experience and conducting a post simulation
debriefing with the simulation group provided an opportunity to validate the information
from the simulations (Miles, 2014). It also allowed each study participant to offer
additional insight on the process of using medical simulation in causal analysis. The
researcher hopes that the feedback received can be used for future development of a
casual analysis program using medical simulation.
Debriefing Interviews

Through the debriefings, I sought to understand the thoughts and experiences of
the research participants. Everyone is an expert from their own experiences (Ravitch,
2015), so the goal of the simulations and debriefings was to explore participants’
experiences in this simulated environment and to determine if additional insights were
gained during the debriefing that were not included in the original debriefing.
Debriefings provided deep rich data that was important in this qualitative research by
providing focused insight into the individual experience (Ravitch, 2015). Since this
project was observational, it made this project highly appropriate for a qualitative study
(Patton, 2002).

Prior to the initial simulation session with the team that was involved in the
sentinel event; a debriefing was conducted similar to a traditional M&MC. The

debriefing was conducted in a conference room and lasted an average of one hour in each
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case. The case was reviewed, and discussion between the quality assurance coordinator,
medical director, and participants helped establish a better understanding of the factors
surrounding each case. New points of learning, contributing factors, and additional
training opportunities were determined prior to the end of the session.

After the completion of the initial debriefing, the simulation session was
completed. After completion of the simulation session, each team was debriefed in a
group format. The debriefing occurred immediately after the simulation session in the
setting that the simulation had been conducted. The debriefing session opened with the
researcher describing the purpose and rules for the debriefing. The debriefings occurred
in a semi-structure format. A copy of the protocols can be found in Appendices B, C, and
D.

Setting

This dissertation research was set within a large urban emergency medical service
agency that will be identified as the “EMS agency.” This agency was chosen because it
has a robust quality assurance program, engaged medical direction and leadership, a
strong hospital support network, and active participation in research. The EMS agency
responds to approximately 130,000 EMS calls annually. The chief executive agreed to
allow the research to be conducted within the organization after being presented with the
facts of the research request. I currently serve in the position of Assistant Chief of the

EMS agency.
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Sample

Three distinct groups served as the sample for this research. This included a
purposive sampling of paramedics and supervisors from the EMS agency that were
involved in sentinel event cases within the EMS agency. Instructors of EMS education
from the EMS agency were also used to investigate how the paramedic’s education,
knowledge, or the application of that knowledge may contribute to errors in patient care
delivery. Additional study participants assisted in the second and third simulation and
debriefing sessions that were recruited within the EMS agency. The criteria for inclusion
in the research for each group included:

1. The original team which experienced the sentinel event.

2. A group of participants with identical qualifications and job responsibilities as

the original sentinel event team that volunteered to take part in the simulation.
3. A group of instructors that provide initial and continuing medical education to
the paramedics of the EMS agency.
Research Method

Three sentinel event cases studied as part of this dissertation. Although a greater
number of sample cases increases confidence in the findings of research through
replication, (Miles, 2014) time and resource constraints limited this study. The researcher
identified these three sentinel event cases through the quality assurance process of the
EMS agency. Participant selection was based upon the criteria that was established and

agreed upon by the institutional review board (IRB), dissertation chair, and committee.
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This included three sentinel events that were recreated with three different teams. All
participation within the debriefings and simulation sessions was voluntary, and no
compensation was provided for this project, as noted in Appendix A. Each of the three
sentinel event cases studied as part of this research were investigated using the same
process which included identification of the sentinel event, simulations, and debriefing
sessions.
Identification of Sentinel Event

Sample participants were identified through the quality assurance office of the
EMS agency. Sentinel event cases were identified through the quality assurance office of
the EMS agency. This included any EMS run that involved harm or risk of harm to a
patient. Once the sentinel event case was identified through the CQI process, all of the