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ABSTRACT 
 

Intraoperative emergencies occur infrequently, and prompt recognition and treatment are 

essential to prevent adverse outcomes. Previously learned knowledge and clinical skills have 

been shown to degrade over time. In addition to clinical skills, nontechnical skills such as 

communication and leadership, are required for optimal patient care. In-situ simulation-based 

education (SBE), or simulation that occurs in the actual work environment is an effective 

methodology for teaching both clinical and nontechnical skills. In the operating room, Certified 

Registered Nurse Anesthetists (CRNAs) are often called upon to recognize and manage these 

low-volume, high-risk situations. Given the rarity of intraoperative emergencies and the presence 

of provider knowledge decay, the purpose of this research is to explore the prevalence of in-situ 

SBE of intraoperative emergencies in CRNAs’ workplace and their satisfaction with such 

simulations. 

A researcher designed 24-question survey was distributed to a convenience sample of 

actively practicing CRNAs. Of the 2,844 surveys distributed, 133 (4.67%) that met inclusion 

criteria were returned. Results indicated 66.9% of respondents had participated in some form of 

SBE in the management of intraoperative emergencies and only 29.6% reported it occurring in 

their primary place of practice. A majority (65.4%) agreed that previous in-situ SBE helped 

prepare them in responding to intraoperative emergences and felt satisfied (80.7%) with their 
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experience. Additionally, 76.3% of respondents believe that CRNAs should participate in in-situ 

SBE in their workplace.  

Despite evidence showing the efficacy of in-situ SBE, data from this study indicates that 

CRNAs have limited opportunities to practice in situ SBE in their primary place of practice.  

However, the majority of respondents that did participate in in-situ SBE report feeling satisfied 

with the experience and better prepared to manage infrequently occurring intraoperative 

emergencies. Information from this study could be used as a foundation for designing unit 

specific intraoperative emergency scenarios to strengthen both clinical and nontechnical skills in 

a safe and familiar environment.     
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CHAPTER 1 

 

Introduction 

 

Intraoperative emergencies such as difficult airway, massive hemorrhage, cardiac arrest, 

anaphylaxis, local anesthetic systemic toxicity (LAST), and malignant hyperthermia (MH)1-5 are 

infrequent6-9 and can be fatal to patients.2,9 These low frequency, high severity events require 

prompt recognition and effective intervention to prevent further patient deterioration.1,2 While 

managing intraoperative emergencies itself is an onerous task for the operating room (OR) 

personnel,1 recalling a previously learned protocol is even more challenging especially when 

confronted with knowledge degradation, a degradation of previously learned knowledge and 

skills over a time.10-15  

Knowledge degradation is a challenge for all practicing healthcare providers especially 

for those who have not encountered an intraoperative emergency since initial training and are 

unfamiliar with current evidence-based practice. In the OR, anesthesia professionals, including 

Certified Registered Nurse Anesthetists (CRNAs), are responsible for the recognition and 

treatment initiation of these types of emergencies.2,16 CRNAs, in their workplace, have limited 

opportunities for managing intraoperative emergencies as these seldom occur in practice. 

Simulation,17-19 specifically in-situ simulation based-education,20-23 has demonstrated to show an 

improvement in both retention of knowledge and skills. This scholarly project’s aim is focused 

on determining whether CRNAs have participated in in-situ simulation-based education specific 

for intraoperative emergencies at their workplaces and their satisfaction with the provided 

simulation. 
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Problem Statement 

  

In the operating room, there are few opportunities for CRNAs to execute the complex 

knowledge and skills that are required to effectively respond to rare, life-threatening 

emergencies.6-8 In-situ simulation-based education is one method that allows for providers to 

maintain competency,23,24 improve confidence in responding to highly stressful clinical 

situations,20-23,25 and optimize patient care and outcomes.23,26-29 There is scant research regarding 

the prevalence of in-situ simulation-based education for emergencies conducted in the CRNAs’ 

workplaces. Additionally, the level of satisfaction with such simulations has not been explored.  

 

Purpose of Study 

 

The purpose of this study is to determine the prevalence of in-situ simulation-based 

education of intraoperative emergencies for Certified Registered Nurse Anesthetists in their 

workplaces. Furthermore, a second purpose is to explore their satisfaction with the simulation. 

 

Research Questions 

 

The research questions that guided this study are:  

1. Do Certified Registered Nurse Anesthetists have the opportunity to participate 

in in-situ simulation-based education of intraoperative emergencies at their 

workplaces? 
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2. When available, what is the satisfaction of Certified Registered Nurse 

Anesthetists with in-situ simulation-based education conducted at their 

workplaces to prepare for intraoperative emergencies? 

 

Definitions 

 

 For the purpose of this study, the following terms and definitions were used. 

Conceptual/Theoretical Definitions  

1. In-situ simulation-based education: is defined as an alternative learning pedagogy 

where participants can engage in learning activities done in a re-enacted environment 

that is designed to closely mimic real-life scenarios for the purposes of mastering new 

or previously learned skills and acquiring knowledge. In-situ simulations are done in 

the actual patient point of care setting such as operating rooms and emphasizes 

interdisciplinary training of nontechnical skills such as communication and teamwork 

as well as reinforcing previously learned skills and knowledge.  

2. Intraoperative Emergencies: refers to rare life-threatening conditions that can occur to 

patients undergoing surgery in the operating room and require prompt intervention 

from anesthesia providers, such as CRNAs, to avoid detrimental outcomes. Examples 

include: malignant hyperthermia, anaphylaxis, cardiac arrest, and local anesthetic 

systemic toxicity. 

3. Satisfaction: refers to the degree to which the CRNAs felt that the conducted 

simulation of intraoperative emergencies met their expectations or needs. 
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Operational Definitions  

1. In-situ simulation-based education: Prevalence of in-situ simulation-based education 

of intraoperative emergencies in the CRNA’s workplace will be measured using a 

self-response questionnaire. One question asks about CRNA’s awareness of the 

availability of in-situ simulation-based education of intraoperative emergencies in 

their primary place of clinical practice. Additional questions ask about the number of 

simulations offered by their primary place of clinical practice and the number 

simulations that CRNAs’ have attended on a scaled range. Another question asks 

about the specific type of training and modalities with selection of multiple-choices 

with a free response option.   

2. Intraoperative Emergencies: The prevalence of intraoperative emergencies in the 

CRNA’s workplace will be measured using a self-response questionnaire. One 

question lists examples of rare intraoperative emergencies and asks about the number 

of times that the CRNA has encountered each of the emergencies listed on a scaled 

range. Additional questions ask about CRNA’s confidence in managing an 

intraoperative emergency using a Likert scale and how the CRNA maintains 

knowledge and clinical skills competency in managing an intraoperative emergency 

with multiple-choices and a free response option. 

3. Satisfaction: CRNAs’ satisfaction of the in-situ simulation-based education 

previously attended in the past will be measured using a self-response questionnaire. 

This is applicable to CRNA respondents that have previously participated in in-situ 

simulation-based education at their workplace. Two questions ask about satisfaction 

with in-situ simulation-based education and if the simulation prepared them for 
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possible clinical emergencies using a 5-point Likert scale. Additional questions ask if 

they would like to participate in in-situ simulation-based education using a Likert 

scale and a scaled range question. Three optional open-ended questions allow CRNAs 

to provide feedback and comments to support their answers to the Likert scale and 

scaled range questions. 
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CHAPTER 2 

 

Review of Literature 

 

 Intraoperative emergencies rarely occur in clinical practice6-8 but can be catastrophic9 

especially when the knowledge and skills needed to effectively manage these low frequency, 

high severity events are not routinely applied.11,14,15 This review highlights some examples of 

infrequent, intraoperative emergencies that require rapid and complex care, documented research 

supporting providers’ knowledge degradation over time, and in-situ simulation-based education 

as a tool for healthcare providers to practice responding to intraoperative emergency situations. 

Studies pertaining to simulation, its value in healthcare, and its use as a pedagogical approach to 

achieving learning outcomes are included. Additionally, research studies conducted specifically 

on in-situ simulation-based education of the management of emergencies in the operating room 

are discussed.  

 

Rare Intraoperative Emergencies 

 

The operating room is a dynamic and complex environment with even the most routine 

operation requiring highly skilled providers and efficient teams to ensure optimal outcomes.  

Low-volume, high-risk emergencies1-8 like difficult airway, anaphylaxis, cardiac arrest, LAST 

MH, and obstetric emergencies such as emergency cesarean section and postpartum hemorrhage 

can occur unexpectedly. These emergencies can be difficult to manage and may have increased 

morbidity and mortality. However, improvements in anesthesia and surgical care make 
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anesthesia morbidity and mortality a rare event.9 Recent evidence from Li et al.,9 report 

anesthesia mortality to be 1.1 deaths:1 million people:1 year. In this study, anesthesia related 

International Classification Disease codes were used to identify deaths reported in the United 

States multiple-cause-of-death data files of the National Vital Statistics System. Over the seven-

year study period (1999 – 2005), 2,211 anesthesia related deaths were observed. Anesthesia as a 

contributing factor was the underlying cause in 1,970 (89.1%) of the deaths while anesthesia 

complication contributed to 241 (10.9%) of deaths.9       

Different reporting mechanisms have been developed to better identify causes of 

anesthesia-related injury and improve patient safety. In 1996, The Joint Commission (TJC) 

adopted policies and procedures for the reporting of unexpected occurrences involving death, 

permanent harm or serious temporary harm and interventions required to sustain life, or sentinel 

events.30 Adverse psychological injury and variations from normal process that have a significant 

chance of causing harm or serious adverse outcomes also need to be reported.31 Additionally, 

both the American Association of Nurse Anesthetists (AANA) and American Society for 

Anesthesiologists (ASA) review and analyze the closed claims files of the United States 

professional liability insurance companies.32,33  

In addition to reporting a sentinel event, both the AANA and ASA require the submission 

of a root cause analysis and action plan.34 In 2018, a total of 801 sentinel events were reviewed 

by the Joint Commission.35 The most frequently reported events related to surgery and anesthesia 

are unintended retention of a foreign body (number 2 with 111 events) and wrong site surgery 

(number 3 with 94 events). Human factors such as competency, leadership, communication, 

assessment (observation and care decision), and physical environment are the most frequently 

identified root causes for sentinel events.35 The Center for Disease Control and Prevention 
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suggest that medical errors are the third leading cause of death in the United States.36 

Additionally, it is estimated that between 44% and 50% are preventable errors.37  Evaluation of 

the AANA Closed Claims Database for claims closed between 2003 and 2012 revealed that 

50.2% (123/245) of claims were preventable.33  Death was the most common outcome (38%; 

47/123) with major injury accounting for 17.1% (21/123) of the events.33  

In addition to descriptive analysis, thematic analysis was conducted.33 Communication 

failures, violations of standards, and errors in judgement were the three themes identified. 

Miscommunication between CRNA’s and patients, other anesthesia providers, both CRNAs and 

anesthesiologists, and other healthcare providers were noted in 23.6% (26/123) of preventable 

claims.  Breaches in standards accounted for the majority of incidence at 75% (92/123).  Failure 

to appropriately monitor the patient’s physiological condition, adequately formulate a patient 

specific anesthesia plan, and to perform and document a focused physical assessment were the 

most common standards breached. The final theme identified, errors in judgement, occurred in 

66.7% (82/123) of cases. Examples include failure to recognize and treat undetected esophageal 

intubation, incorrect drug administration, and identification and treatment of deteriorating patient 

conditions.33  

Critical and infrequent intraoperative emergencies need rapid recognition and initiation of 

specific treatments.1,2,4,38 As published in a recent extensive review of cardiac arrest in the 

operating room by Moitra et al.,1 a group consisting of twelve international experts highly 

recommended frequent knowledge review of how to evaluate and manage perioperative cardiac 

arrest due to its rare incidence. The incidence of cardiac arrest in the perioperative setting is 

estimated to be 5.6 arrests:10,000 cases.6 Other examples of rare intraoperative emergencies 

include LAST and MH. LAST is a potentially fatal complication when local anesthetics get 
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absorbed leading to toxic levels in the systemic circulation.2,5,7,38 This event occurs on average 

about 10 reactions:10,000 cases.7 MH is a high-risk intraoperative emergency associated with 

administration of inhalational agents and the paralytic drug, Succinylcholine.2,4 Results of a 

retrospective study by Lu et al.8 revealed MH diagnosis in approximately 1:500,000 surgical 

patients.  

Intraoperative emergencies are rare,6-8 have different pathophysiology and complex 

events that may require the recall of remotely learned knowledge and skills to properly treat.2  

For example, the management of malignant hyperthermia and local anesthetic toxicity does not 

mirror the Advanced Cardiac Life Support guidelines typically used in intraoperative cardiac 

arrest.1,2 In addition to having individual skills and knowledge,1-3 non-technical skills such as 

communication, situational awareness, leadership, decision making, and resource management 

are also required.24,39 Additionally, appropriate clinical management of low-incident high-risk 

intraoperative emergencies may require a multidisciplinary team-oriented approach.21 Reducing 

patient harm in these emergences requires an individual, team, and systems level approach. 

Rapid recognition and initiation of treatment protocols by OR personnel especially CRNAs are 

crucial.1,2  

 

Knowledge Degradation 

 

The occurrence of knowledge and skill degradation of previously learned material is a 

well-established phenomenon and has been a subject of multiple research studies.10-15  However, 

it is difficult to ascertain an average time of knowledge degradation due to the varying samples 

and study methodologies.10-14 For example, Amaral et al.11 evaluated the retention of basic 
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pediatric cardiology knowledge by fourth year medical students in a prospective cohort study. 

Following formal lectures on pediatric cardiology, students (N = 130) took a 40-item knowledge 

test over basic clinical skills and pathophysiological mechanisms of pediatric cardiac diseases. 

The same exam was then re-administered again at 6 months (N = 42) and one year (N = 21). 

Results indicated a significant decrease in overall knowledge between both initial testing (6.7/10) 

and six month (6.0/10; P < .01) and one year (5.7/10; P < .0001). Additionally, sub-analysis 

noted a significant decrease in both clinical skills (7.6/10) and disease related (6.1/10) 

knowledge at six months (clinical – 7.0/10; P < .01 and disease – 5.2/10; P < .01) and one year 

(clinical – 6.5/10; P < .0001; and disease 5.2/10; P < .01).11 In looking at basic factual 

knowledge, a comparative study by Carr et al.,10 the authors evaluated retention of core 

mathematical knowledge among engineering students (N = 42) between year three and four of 

schooling. In year three, the mean score on the diagnostic test was 51.9% while the mean score 

on the first day of year four was only 44.3% (P = .013).10 These studies indicate that declarative 

knowledge begins to decay as early as 6 to 12 months after the material is learned.10,11   

In addition to declarative, or factual knowledge, procedural knowledge also decays over 

time.12,40 For example, a double-blinded randomized prospective trial by Ramirez et al.12 

evaluated medical students’ (N = 46) ability to retain procedural memory of invasive procedures 

such as suturing and knot tying, intubation, and central venous catheter placement over time. 

Initially, the students completed proficiency training for the aforementioned procedures by either 

a traditional volume approach or cumulative simulation training. An objective checklist 

developed by the researchers noted no difference in composite scores between either the 

traditional training group (93.5%) or the cumulative simulation group (92.1%; P = .71). Between 

12 and 18 months following the initial training, students (N = 33) returned for retention training. 
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On all tasks, there was a significant decrease in performance measures from initial training 

(92.3%) to retention training (84.4%; P < .01).12 Additionally, a study by Larsen et al.40 

evaluating laparoscopic skills showed a degradation of procedural skills between 6 and 18 

months following initial training. These studies indicate, that like declarative knowledge, 

procedural knowledge can also degrade between 6- and 18-months following instruction.12,40  

Lack of clinical skills practice can also lead to a decrease in both declarative10,11 and 

procedural knowledge.12,40 To evaluate the retention of ultrasound skills over time, Kimura et 

al.13 conducted a quasi-experimental research and evaluated the retention of cardiac ultrasound 

skills of internal medicine residents for up to 7 years following a formal training program. 

During their residency, internal medicine residents participated in a Cardiovascular Limited 

Ultrasound Examination training program that consisted of both didactic and bedside instruction. 

Prior to graduation, all residents were required to take Cardiovascular Limited Ultrasound 

Examination – Clinical Examination (CLUE-CEX). The CLUE-CEX consisted of both 

standardized image acquisition and verbal questions with a score greater than 80% considered 

passing.  Since 2008, 74 residents took the exam with an 82% success rate. Of the 74 residents 

that took the exam, 30 agreed to repeat the exam. The 30 graduates were subdivided into a no 

preparation (NOPREP) group (N = 20) and preparation (PREP) group (N =10) who were 

encouraged to watch videos on proper ultrasound image acquisition and interpretation. The 

NOPREP group was then further subdivided into less than one year since last ultrasound use (N 

= 7) and greater than one year (N = 13). All 30 residents successfully passed the CLUE-CEX 

with an average of 90% (+/- 6%).  In the NOPREP group with < 1 year since last using 

ultrasound (N = 7), the average score was 80% (+/- 15%) with five students (71%) repassing the 

exam. However, if it was > 1 year since last use of ultrasound (N = 13), test scores were only 
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58% (+/- 17%) with none repassing the CLUE-CEX.  For those residents in the PREP group, test 

scores were 72% (+/- 21%) with three repassing. In comparing the CLUE-CEX repass rates 

between the NOPREP (N = 0) to PREP (N = 3) a difference in passing rates was noted (P = 

.05).13 This study indicates, like with declarative knowledge, procedural knowledge degrades 

over time if not constantly utilized. 

Like ultrasound skills, Advanced Cardiac Life Support (ACLS) requires both a particular 

knowledge and physical skill set to in order to manage cardiac arrest patients. Because of 

knowledge and skill degradation, retraining for ACLS at least every two years is highly 

recommended and often required to maintain clinical privileges.41 Basic cardiopulmonary 

resuscitation (CPR), a component of ACLS and an essential skill performed in cardiac arrest 

management, decays over time.42 Brown et al.42  investigated CPR retention on high school 

students (N = 795) following a 45-minute course with psychomotor practice 3 months (N = 431) 

and 6 months (N = 364) prior. In this cross-sectional study, both groups were evaluated on the 

adequacy of chest compressions (CC) as defined by CC rates of 100-120 per min and achieving 

>70% of CC at appropriate depth. After 3 months, results showed that only 34.8% of participants 

demonstrated adequate rates of CC and 38.1% of participants achieved >70% of CC at 

appropriate depth. After 6 months, the percentages continued to decline with only 32.7% of 

participants demonstrated adequate rates of CC and 30.2% of participants achieved >70% of CC 

at appropriate depth. Furthermore, there was no significant difference in the percentage of 

students providing adequate CC (P = .477) and >70% of CC at appropriate depth (P = .419) in 

both groups. The results of this study showed poor retention of CPR skills 3-6 months after initial 

training.42   
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Specifically looking at ACLS knowledge and skills retention, Tarantinos et al.14 

conducted a quasi-experimental research and re-evaluated 194 providers that had successfully 

completed an ACLS course 6 months prior on both the written examination and cardiac 

megacode scenarios. The 194 providers were broken down into specialized physicians (N = 54), 

non-specialized physicians (N = 116), and nursing staff (N = 24). For the megacode portion, 

there was a statistically significant decrease in knowledge with only 52% (N = 101) successfully 

completing the scenario (P < .001). Additionally, it was noted prior ACLS course attendance was 

correlated with a significantly higher scores on both the course pretest and posttest. Results of 

this recent study support the results of a systematic review of the literature conducted by Yang 

et. al. In this, 11 studies published between 1974 and 2011 evaluating advanced life support 

knowledge and skill retention were evaluated. The interval for retesting ranged from 6 weeks to 

2 years. Results indicated that a significant decay of knowledge and skills occur within the first 6 

– 12 months.14  

Multiple education strategies to support knowledge and skill retention have been 

developed. One method that has shown promise in the retention of cardiac resuscitation skills is 

simulation.43-45 For example, a study by Delasobera et al.43 evaluated the effectiveness of three 

different teaching methodologies on ACLS knowledge retention in certified paramedic students 

(N = 117). Participants were divided into simulation group (N = 39), multimedia group (N = 38) 

or reading group (N = 40). The reading group spent 3 hours independently reviewing ACLS 

concepts using the course textbook and pocket guides while those in the multimedia group were 

shown the American Heart Association ACLS renewal videos and then played a computer-based 

simulation game for 30 minutes. Those in the high-fidelity simulation group worked through 10 

different ACLS scenarios. All students undertook both cognitive and psychomotor testing prior 
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to their educational session, immediately following the intervention session, and then again at 

three weeks. Cognitive testing consisted of a 90-question multiple choice exam while 

psychomotor testing consisted of completing two cardiac arrest scenarios. Cognitive pre-testing 

results showed no significant difference between groups.  However, on psychomotor testing, the 

reading group (81%) scored significantly higher that both the simulation (77%) and multimedia 

group (77%). In cognitive post-testing, no difference in post test scores were noted. However, 

those in the multimedia group showed a statically significant increase in group change between 

pre-testing and post testing (5% change) compared to simulation (3%) and reading (2%). In post 

education cardiac arrest testing, students in the simulation group showed a significant change in 

retention (9%) compared to both multimedia (5%) and reading (2%). Finally, in short term (3 

weeks) cognitive retention testing, those in the multimedia group scored higher than both the 

simulation and reading group (p< .05). Short term psychomotor testing revealed that both, 

simulation and multimedia were significant compared to reading (P < .05). In evaluating the 

different learning methodologies, 95% (N = 31) of the simulation groups and 84% (N = 31) of 

the multimedia students believed that these different teaching methodologies should be 

incorporated into their educational curriculum. Results of this study demonstrated greater 

improvement in the management of cardiac arrest scenarios in student undergoing either 

computer based or high-fidelity simulation.43  

Additionally, other randomized controlled trials published by Schwid et al.44 and Wayne 

et al.45 also demonstrate the benefit of simulation in ACLS skill retention. Schwid et al.44 

conducted a study involving anesthesia residents and faculty (N = 45) and found that participants 

who used computerized simulation program to prepare for a Mega Code scenario had 

significantly higher mean performance scores compared to participants who reviewed the 
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textbook (mean 34.9 +/-5.0 vs. 29.2 +/-4.9, respectively; P < .001). A similar improvement in 

results was noted by Wayne et al.45 in his study involving internal medicine residents (N = 38). 

The authors found that performance scores were significantly higher with participants who had 

simulation-based education intervention for ACLS compared to those who did not (scores 265.6 

vs. 192.5, respectively; P < .001).45 The results of these studies indicate that both declarative and 

procedural knowledge degrades between 3 and 12 months if not utilized. In addition, education 

models involving simulation may improve retention time. 

 

Simulation-based Education 

 

When the actual management of a low frequency and high-risk intraoperative emergency 

is required, rapid gaps in practice may occur. Multiple studies suggest that the use of simulation-

based education, such as in-situ, may bridge these gaps and provide clinicians an opportunity to 

stay proficient in managing rare crises scenarios.20-23,25 Furthermore, the addition of simulation-

based education designed to mimic evidence-based hospital protocols for effectively managing 

rapidly deteriorating patients is highly recommended.16,46,47 Recent studies indicate that the 

addition of simulation-based education can improve patient outcomes and ultimately prevent 

mortality.16,20,21,25,46-48  

Definitions 

Simulation-based education (SBE) is a teaching method that aims to approximate real life 

situations, problems, or conditions and allows trainees to develop knowledge, skills, and attitudes 

in a safe environment.49 In SBE, participants learn and practice their skills in a re-enacted 

environment that is designed to closely mimic real-life scenarios49 such as a low frequency and 
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high-risk intraoperative emergency. How closely a simulation scenario mimics the real-life 

situation is called fidelity.49-51   

Fidelity is a concept referring to the degree of realism that a simulation can provide.49-51  

The concept of fidelity is multifactorial and can be separated into types and levels.50,51 Types of 

fidelity have been described as conceptual, physical, or psychological/emotional.50,51 Conceptual 

fidelity centers on ensuring the scenario is sensical and flows in a way that mimics real-life 

situations. This concept may vary across learner experience. For example, a novice clinician may 

believe the simulation is real while an experienced clinician may believe that the simulation is 

unrepresentative of real-life events.52 How closely the elements used in the simulation resemble 

real-life structures is referred to as physical fidelity. This concept may vary across learner 

discipline. For example, anesthesia providers may view a simulator with automatic physical 

response to be high-fidelity while surgeons may view cadavers or animal models as high-

fidelity.53 Finally, emotional or psychological fidelity is related to how successful the scenario 

can elicit the emotional and psychological response of real-life scenarios. The emotional 

response to the clinical scenario may alter based on the different levels of fidelity.  For example, 

placing an intravenous catheter in an arm task trainer will elicit a different psychological 

response than actually placing an intravenous catheter in an actual person while performing 

simulation in-situ (in a real or mock setting).51   

In addition to the different types of fidelity, there are different levels of fidelity that can 

occur along a continuum of low, medium, or high.51 Low-fidelity simulators are used to build 

knowledge and are often designed for a specific task such as an intubating manikin or lumbar 

puncture trainer. Full body simulators, with minimal computer components, that allow for more 

realistic learning opportunities and competence development are termed medium- or midlevel-
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fidelity simulators. Typically, these simulators allow for multiple tasks to be completed at the 

same time. The use of life-like computer manikins that can simulate real-life scenarios are termed 

high-fidelity simulators. In addition to individual learning, high fidelity simulators can also be 

used to develop communication and teamwork skills. The higher the level of fidelity, the higher 

degree of realism a simulation can provide51 and the more the participants can engage in 

learning.50,53 Healthcare studies on high-fidelity simulation involve high degree of realism while 

ensuring a high rate of transfer of complex sets of skills to participants.20,21,54-56   

Simulation Pedagogy 

From an adult learning perspective, the outcomes achieved by simulation-based 

education are rooted from several different learning theories. One predominant theory in 

healthcare education is Kolb’s Experiential Learning Theory (ELT).57,58 This theory is a 

constructivist approach and focuses on the participant actively being involved in the experience 

of learning. Accordingly, Kolb believes that learning is a cyclical process that moves from 

concrete experience to active experimentation. Instead of focusing on specific individual 

objectives, the learning process is constantly adapting and building upon previous experiences. 

Learners can enter the cycle at any stage, but most start with the concrete experience. In the 

concrete experience stage, learners undergo a totally new experience or familiar experience 

under unfamiliar conditions. Reflection and observation of the new experience is the second 

stage. In this stage, participants reflect and critically evaluate the outcomes of their recent 

experience. Learners then internalize and examine the experience as they enter the third stage, 

abstract conceptualization. During this stage, learners can individually identify the proposed 

outcomes of their recent experience, whether those outcomes have been met or not and what they 
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can further build on. The fourth, and final stage, is active experimentation. In this stage, learners 

actively apply what was learned from their previous experience to new scenarios or situations.57   

In simulation, participants actively experience a representation of real-life events, or the 

first stage of ELT.58 Simulation is concluded with the process of debriefing immediately after the 

scenarios and corresponds to the second stage. Participants then internalize what was learned 

from simulation which is the main point in the third stage of ELT. Finally, the fourth stage, 

occurs with the active application or experimentation of previously learned knowledge during a 

future simulation scenario or actual event. The cycle continues as learners develop or enhance 

their learning from each individual experience. Kolb’s ELT can also serve as a scaffold in 

effectively building and designing simulations.58    

Simulation-based Education in Clinical Practice  

The use of simulation in education is not a novel concept, but a well-validated teaching 

and learning modality.59-62 Simulation-based education is now an integral part of many nursing, 

medicine, and allied health courses.59-62 In addition to individual knowledge and skills,17-19,40,63   

SBE has been shown to be effective in training teamwork skills such as communication, team 

interaction, and leadership.54,64,65 The positive outcomes of simulation-based education as a 

pedagogical approach in the field of anesthesia education and clinical practice have been well-

documented.17,18,64,66 

One new innovative use of simulation is in graduate school admission and medical 

resident selection process.66,67 To better evaluate personal characteristics and program fit, 

different types of simulation scenarios have been designed to evaluate both cognitive and 

noncognitive attributes have been incorporated to admission requirements.66,67 In parallel to a 

standard face to face interview, a nurse anesthesia program added a high-fidelity simulation into 
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the admission scoring system. To evaluate the candidates, the program developed a Simulation 

Interview Evaluation Tool (SIET) to measure both cognitive (problem identification, description 

of physiological cause, development of a treatment plan, & successful implementation of the 

plan) and noncognitive (ability to ask for help, receptiveness to team ideas, effective 

communication skills, & ability to function as a team leader) skills. Each of the applicants (N = 

70) underwent a critical care nursing simulation and was evaluated by a trained simulation 

coordinator. Results indicated a significant positive linear relationship between face to face 

interview scores and SIET scores (P = .003). However, no relationship between SIET scores and 

initial nursing degree (P = .87), years of ICU experience (P = .51), total nursing experience (P = 

.94), and writing scores (P = .34). The authors of this study postulate that HFS may be useful in 

identifying desirable attributes for nurse anesthesia program candidates but future research 

studies are necessary to fully examine the benefits of HFS as an adjunct to face to face 

interviews.66 A more recent study published by Ogunyemi et al.67 added simulation to the 

standard student interview process for admission into an obstetrics and gynecology residency 

program. Both Penprase et al.66 and Ogunyemi et al.’s67 study indicate that behavior-based 

interview and simulation added to the standard student interview process may be useful in 

providing a way to better differentiate applicants especially if standardized test scores are 

similar. However, it was noted that the addition of the behavior interview and simulation added 

significant time to the interview process.66,67  

 Compared to traditional teaching lectures, SBE has been shown to increase both didactic 

and procedural knowledge.18,55 To evaluate if simulation aided in long term retention of 

pharmacology knowledge, Arcoraci et al.55 compared either low- or high-fidelity simulation to 

traditional lecture. A total of 90 senior medical students were randomly divided into three 
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different groups: sham control (N = 30), low fidelity simulation (N = 30), and high-fidelity 

simulation (N = 30). Following a 45-minute lecture on positive inotropic agents, the sham 

control group were exposed to a basic life support training scenario with a full body Resusci 

Anni unit where no reference to medications were made. Both the low fidelity simulation (full 

body basic simulation training unity) and high fidelity (full body Advanced Life Support 

Hemodynamic Simulator) were asked to identify, diagnosis, and suggest pharmacological 

treatment for cardiogenic shock. Student scores on a 20-question test were recorded prior to the 

lecture, after the lecture, after the simulation and again 90 days later. Results indicated that there 

was no difference in correct answers between the groups either prior to or immediately following 

the lecture. However, immediately following the simulation experience (P = .001) and again 90 

days post simulation (P = .001) the number of correct answers in the high-fidelity group was 

significantly increased compared to both the sham control and low fidelity group. Additionally, 

no difference in correct scores between the sham control and low fidelity group were noted at 

any time.55  

Other educational benefits that can be acquired from SBE include improvement of non-

technical skills such as teamwork and communication,54,64,65 and increased competency in newly 

or previously acquired procedural skills.17-19,40,63 For example, a survey of anesthesia providers at 

a medium-sized military treatment facility in the United States showed that they did not feel 

confident in placing a transverse abdominis plane (TAP) block with liposomal bupivacaine.17 

Hence, a multi-strategy educational program using lecture, demonstration, and simulation was 

developed and published by O’Driscoll et al.17 The authors implemented a protocol for 

anesthesia providers in performing ultrasound-guided liposomal bupivacaine (LB) transversus 

abdominis plane (TAP) block for open abdominal surgeries using simulation. Anesthesia 
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providers’ knowledge and confidence in placing a simulated TAP block were assessed using pre- 

and post-tests and being able to perform the TAP block successfully. After statistical analysis, 

results of this showed a significant increase in median knowledge scores (pretest = 5, IQR = 1; 

posttest = 8, IQR = 0; Z = 3.09; P = .002) and confidence scores (pretest = 67%, IQR = 32%; 

posttest = 96%, IQR = 11%; Z = 3.06; P = .002). Furthermore, all anesthesia providers (100%; N 

= 13) were able to successfully place the ultrasound-guided TAP block with minimal assistance 

during simulation. There was also a significant increase in clinical block placement (P = .02). In 

the 3 months prior to training there were 6 patients who underwent open abdominal surgery and 

none received a TAP block.  In the 3 months following implementation, 6 patients underwent 

open abdominal surgery with 5 patients receiving a successful TAP block.17   

Most importantly, SBE has been shown to enhance retention of learned knowledge and 

skills17-19 In a single-blinded randomized study published by Boet et al.,18 high-fidelity 

simulation was used to enact a cannot intubate, cannot ventilate (CICV) scenario that required a 

cricothyroidotomy – one of the rare intraoperative emergencies that can occur in anesthesia 

practice. Anesthetists (N = 38) were randomized into 2 groups according to retention training 

times (6 months vs 12 months) and first underwent 2 identical HFS scenarios: the first scenario 

served as a pretest while the second scenario was done after a debriefing and a structured 

teaching session, which served as a posttest. Randomized anesthetists then participated in a third 

identical HFS scenario at each of their respective scheduled retention training sessions (either at 

6 or 12 months). Data on checklist scores (CL), global-rating scale (GRS) score and procedural 

time (PT) were measured by blinded experts and statistically analyzed. Results revealed a skills 

improvement in performance of cricothyroidotomy in all participants. Specifically, both groups 

showed a statistically significant increase in all three measures of performance during the 
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immediate post-test compared to pretest (CL, P < .001; GRS, P < .001; PT, P = .002). Both 

groups also showed significant improvement in all three measures of performance during the 

retention post-test compared to pretest (CL, P = .001; GRS, P < .001; PT, P = .009). The authors 

concluded that this intervention using high-fidelity simulation showed improvement in subjects’ 

performance, and knowledge and skills retention of the implemented training for at least 12 

months. The authors recommend the annual use of high-fidelity simulation to maintain 

proficiency in complex procedural skills that are infrequently practiced.18 Finally, SBE has been 

shown to improve the proficiency of other skills such as fiberoptic bronchoscope, laparoscopy, 

and providing general anesthesia for emergent cesarean section deliveries.19,40,63 

Simulation-based education can also be used to enhance patient safety on both an 

individual provider and care team level. Evidence from the Joint Commission sentinel events and 

malpractice claims databases highlight the effects of communications failures on surgical 

adverse events.33,34 In fact, a recent study by Nagpal et al.68 indicates that failure of information 

transfer led to 75% of patients having either a clinical incident or adverse event. In this study, 20 

patients having major abdominal surgery were followed from the preoperative assessment 

through surgery and follow-up care on the post-surgical ward. Since communication needs to 

flow between different members of the surgical team, the researchers developed an Information 

Transfer Communication Assessment Tool for Surgery. This tool was then used to evaluate the 

level of communications during the preoperative assessment, preprocedural teamwork of 

operating room staff, postoperative handover to recovery room staff, and 48 hours of 

postoperative ward care. They found information transfer failures occurred 29.6% in 

preoperative assessment, 61.7% during the preprocedural period, 52.7% with postoperative 

handover and 33.7% with daily postoperative care.  Furthermore, 17 clinical incidents and 1 
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adverse event were noted in 15 of the 20 patients (15/20 = 75%). Lack of a central information 

source, belief that certain information only belongs to certain groups, and use of verbal only 

handoff were given as potential causes of information transfer failures.68  

 

In-situ Simulation-based Education 

 

Traditionally, simulation is conducted in local facilities, on-site centers, or in designated 

simulation centers in the community. More recently, however, simulation is being conducted in 

the participants actual work environment. Simulation that takes place in the actual work 

environment is termed in-situ simulation.49 By performing simulation in their real work 

environment, physical and psychological fidelity is increased51 and a better understanding of 

systems and processes can be developed.20,21,25,48 

In-situ simulation is commonly used by the aviation industry, fire department, and 

military to develop both individual skills and team performance in order to increase patient 

safety and identify system wide deficiencies.69,70 Meanwhile, in the hospital environment, in-situ 

simulation is traditionally performed by multidisciplinary teams21,24,25,39,71,72 in order to prepare 

for unplanned emergencies and address systems’ needs.20,21,25,48 Specifically, in-situ simulation-

based education has been shown to be an effective means of addressing individual provider 

knowledge and clinical skills deficits.20,21,23,25,71 In-situ simulation has also been shown to be 

effective in enhancing team performance.21,22,24,39,71,72 Finally, in-situ simulation is a successful 

way to identify latent threats to safety that would be otherwise be difficult to detect with other 

methods.22,25-29,48,73   
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To strengthen multidisciplinary team training and to help identify latent safety threats in 

their work environment, O’Leary et al.22 conducted a prospective, cross-sectional, observational 

study and implemented 90 unannounced in-situ training sessions in a pediatric emergency 

department. The in-situ training session consisted of 10 minutes of simulation and 10 minutes of 

debriefing. The Anesthetists Non-Technical Skills tool has 15 specific elements distributed 

through four different categories (task management, team working, situational awareness & 

decision making) and was used to measure teamwork behavior. Latent safety threats were 

operationally divided into medication, equipment, resources, and miscellaneous categories. A 

total of 33 recorded in situ simulation were evaluated for teamwork behaviors.  The majority of 

teams scored either a 3 (meets standards) or 4 (exceeds standards) on behavioral elements.  

However, no increase in behavioral scores were noted over time. A total of 73 latent threats to 

safety were identified corresponding to a rate of one threat for every 1.2 simulations (1:1.2) 

simulation performed. Latent safety threats were spread evenly among the different categories 

(medication (N = 22), equipment (N = 26) & resource/system (N = 25). Identified threats 

included critical medications missing from the medication station, confusion on a drug dilution, 

equipment missing from packs, incorrectly match emergency resuscitation equipment and 

delayed responses by critical team members.22   

In evaluating the effectiveness of the in-situ simulation training, 78% (92 of 118 survey 

respondents) evaluated the training as valuable or extremely valuable.22 Moreover, the majority 

of respondents (77%) reported that the training had little to no impact on normal clinical 

operations. Finally, the authors describe how the interdisciplinary in-situ training led to 

development of a shared mental model that had a positive impact on ED culture.22   
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In addition to increasing individual and team performance, in-situ simulation can increase 

system wide performance.20,21,23-25,48 Some low incident, high risk emergencies, like postpartum 

hemorrhage or emergency cesarean section requiring a hysterectomy, require a comprehensive 

team, across multiple different hospital departments to provide safe and efficient care. To 

evaluate hospital protocols, team performance, and operational system readiness, Lutgendorf et 

al.21 conducted an evidence-based practice project utilizing multi-disciplinary in situ simulation 

to evaluate obstetric providers, obstetric nurses, anesthesia providers (anesthesiologists and 

CRNA’s), medical technicians, and blood bank staff response to a post-partum hemorrhage. The 

authors implemented a high-fidelity, multidisciplinary in-situ simulation for postpartum 

hemorrhage, an obstetric emergency, at their institution. This quality improvement project with a 

pre-test/post-test design aimed to improve rates of postpartum hemorrhage at their obstetrics 

unit. Results of their intervention showed participants (N = 113) reporting higher comfort levels 

in the management of postpartum hemorrhage as evidenced by a statistically significant increase 

in mean scores post-simulation training compared to pre-simulation training (4.35, 3.86, 

respectively; P = .001; 95% CI = 0.36-0.63). A notable finding in this study is the subjective 

reports of participants feeling “stressed” during the high-fidelity simulation signifying a high 

degree of realism per the authors. However, the authors expressed that a limitation of this study 

is that direct correlation cannot be made with regards to use of simulation as the sole contributor 

to improved outcomes.21 Covington et al.20  and Lee et al.56 published similar studies using in-

situ simulation of emergencies for registered nurses to bridge gaps in knowledge and practice 

and showed improvement in learning outcomes. 

Studies that combine traditional education methods with in-situ simulation have been 

shown to improve the clinical performance and teamwork of multidisciplinary trauma teams.24-
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26,71 A recent study by Steinemann et al.24 evaluated the use of human-patient simulator (HPS) 

based in-situ simulation on team communication, coordination, and clinical efficacy in trauma 

resuscitation at a Level II trauma center. Initially, all attending physicians, residents, nurses, 

respiratory therapists, and emergency department technicians underwent crisis team training. 

Following the training, multispecialty trauma teams underwent 19 separate simulation days using 

blunt trauma scenarios developed for the Laerdal SimMan. Each scenario was video-taped and 

then graded on the completion of 8 different key tasks (completion rates and time to complete) 

and on nontechnical skills (NOTECHS) scale modified for trauma (T-NOTECHS). The T-

NOTECHS has five teamwork domains (leadership, cooperation & resource management, 

communication & interaction, assessment & decision making and situational awareness/coping 

with stress) that are exemplified by 47 behavioral examples. During the videotape playback, a 

debrief expert, attending physician, and critical care trauma nurse independently scored the 

scenario using the T-NOTECHS Scale.24      

Results of this prospective, cohort study indicated that the T-NOTECHS scores showed a 

significant improvement in teamwork across all graders between the first and last simulation 

scenario [debriefer (P < .001), critical care trauma nurse (P < .01), and attending (P < .05)].24  

There was also improvement in completion of clinical task speed as measured by shorter mean 

resuscitation times during the last scenario compared to the first scenario (353 seconds vs 460 

seconds; P < .01). Furthermore, 84% of multidisciplinary participants successfully completed >7 

key trauma resuscitation tasks on the last scenario compared to only 32% during the first 

scenario (P < .05).24   

This decrease in task completion and increase in teamwork was not only evident in the 

simulated setting, it was also noted in the clinical setting.24 Mean T-NOTECHS scores, 



 
 

27 

completion of tasks, mean resuscitation time, mean hospital stay and mean ICU days were 

compared between pretraining traumas (N = 141) and post training (N = 103) traumas. Results 

again showed a significant increase in T-NOTECHS scores (P = .05) and increased skills 

completion (P = .001), and decrease in mean resuscitation time (32 min pretraining versus 26 

minutes posttraining; P = .05). Results also showed a decrease in hospital length of stay (5.1 vs. 

3.4) and mean ICU days (1.9 vs. 0.3).  However, these results were not significant. Results of 

their study concluded in-situ simulation significantly improves teamwork, clinical task speed and 

task completion rates among multidisciplinary participants, and that skills learned in in-situ 

simulation can translate to the clinical area.24  

There is limited research conducted on in-situ simulation of intraoperative emergencies 

specifically designed for CRNAs. Published studies on simulation for CRNAs and student 

registered nurse anesthetists (SRNAs) are mostly qualitative in nature and does not specify utility 

of in-situ simulation at their primary place of workplace.74-77 However, a common finding of 

these studies indicate that CRNAs and SRNAs saw value in incorporating simulation in their 

practice to improve clinical competency.75,77 The use of high-fidelity simulation is fairly new 

experienced for CRNAs.77 A pilot-needs assessment study conducted by Cannon-Diehl et al.77  

revealed that 52% of CRNAs sampled had no prior experience with high-fidelity simulation 

(HFS). Those respondents that had experience with high-fidelity simulation, only experienced 

used it during their anesthesia education. However, due to the limited sample size (N = 22), the 

results of their study cannot be generalized to all CRNAs.77 Therefore, with this paucity in data 

in the literature, an exploration of the prevalence of in-situ simulation of intraoperative 

emergencies for CRNAs and the satisfaction with such simulations is necessary. 
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Conclusion 

 

Knowledge and skill degradation can present as a challenge for practicing healthcare 

providers when faced with an emergency. Providers must rapidly recall treatment protocols and 

accurately execute plans previously learned, but rarely implemented. Infrequent encounters with 

intraoperative emergencies coupled with the presence of prolonged non-use of skills and 

knowledge of the management of these emergencies could potentially predispose CRNAs into 

ineffective execution of current evidence-based practice for proper treatment of these 

emergencies and put patient safety at risk. Prevention of intraoperative complications and 

improving patient outcomes are the universal theme to the research studies involving simulation 

for intraoperative emergencies. In-situ simulations, in particular, provide added focus on 

improving teamwork, communication, and competence in managing high stake OR emergencies. 

CRNAs are essential anesthesia team members who are on the frontline of monitoring potential 

patient crisis, yet, there has not been many studies indicating CRNAs’ participation in such 

simulations. Further research needs to be done on the prevalence of in-situ simulation-based 

education of emergencies in the workplaces of CRNAs. 
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CHAPTER 3 

 

Methodology 

 

 In the first chapter, the following research questions were outlined: (1) Do CRNAs have 

the opportunity to participate in in-situ simulation-based education of intraoperative emergencies 

at their workplaces? and (2) When available, what is the satisfaction of CRNAs with in-situ 

simulation-based education conducted at their workplaces to prepare for intraoperative 

emergencies? The methodology described in this chapter was used to seek answers to the 

aforementioned questions and conduct this research. The type of research design, sample, 

instrumentation, procedure, data analysis and protection of human subjects are presented.  

 

Research Design 

 

 This exploratory and descriptive study evaluated CRNAs’ participation in in-situ 

simulation-based education of intraoperative emergencies at their workplaces as well as their 

satisfaction with previously attended in-situ simulation-based education. 

 

Sample 

 

A convenience sample of actively practicing CRNA members of the American 

Association of Nurse Anesthetists (AANA) was used for this study. A systematic random 

sampling method utilizing the AANA Research Surveys, Services and Assistance department 
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was used to obtain the sample for this study. The AANA generated a random selection of 

members based on a computer system that provides a uniform distribution of subjects and 

allowed all members an equal likelihood of being assigned to a random number.78  The most 

recent report showed that there were 43,751 active CRNA members of the AANA who were 

available for survey.78 The Raosoft TM sample size calculator (see Appendix A) was used to 

conduct a power analysis.  The analysis used a 5% margin of error, a 90% confidence interval, 

and a response distribution of 50%. From the 43,751 active members of the AANA, the 

minimum sample size required was found to be 269. The AANA reported that survey response 

rates range from 5-7%, but as low as 3% have been obtained.78 The AANA allowed for a 

maximum of 3,000 e-mails to be sent. Therefore, on average 219 to 306 surveys should be 

returned, but the response rate can be as low as 133. The maximum number of surveys (3000) 

was electronically distributed. The inclusion criteria were CRNAs who are currently practicing, 

board certified or recertified members of the AANA, and who have not opted out of mass 

communication emails, while the exclusion criteria were CRNAs not currently practicing and 

who have opted out of mass communication emails or currently a student. 

 

Instrumentation 

 

 The data collection tool entitled “In-situ Simulation of Intraoperative Emergencies 

Assessment Tool” was used for this study (see Appendix C). This tool was created de novo by 

the researcher to gain a better understanding of the prevalence of and satisfaction with in-situ 

simulation-based education in CRNAs’ workplace. This 24-question data collection tool was 

divided into four sections: 1) demographics; 2) management of intraoperative emergencies; 3) 
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prevalence of in-situ simulation-based education of intraoperative emergencies; and 4) 

satisfaction with in-situ simulation-based education. 

 Specific instructions on how to respond to the questions were provided for each section.  

The first section – demographics – focused on gender, age of provider, years of clinical 

experience as CRNA, primary place of clinical practice, average number of hours worked per 

week as a CRNA, and the region of practice.  The fourth question in this section asked about the 

primary place of clinical practice and included an option “I do not currently practice.” Selecting 

this option automatically ended the survey and data were collected in accordance with the 

exclusion criteria (see above). The participants were to select one single response to each of the 

multiple-choice questions in the first section.  

The second section explored the CRNA’s experience and confidence with the anesthetic 

management of intraoperative emergencies.  This section contained one 5-point Likert scale 

questions, one scaled range and one multiple choice question.  The second question in this 

section asked the CRNA to select from the list of the most common intraoperative emergencies2,3  

and indicate the amount of times they have experienced that type of emergency. Additionally, 

there was a section that allowed for a free text response. This section also explored how CRNAs 

currently maintain knowledge and clinical practice competency in managing intraoperative 

emergencies. As instructed, the participant would either select one single response to a question 

or more than one response to the best of their ability.  

The third section contained a total of seven questions. The first two explored the CRNAs’ 

experience with any type of simulation-based education specific for intraoperative emergencies. 

The remaining five questions in this section evaluated the prevalence of in-situ simulation-based 

education of intraoperative emergencies in the CRNAs’ primary place of clinical practice. The 
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questions in this section were multiple-choice questions allowing the participants to either select 

a single response or more than one response as necessary.  

Finally, the fourth section contained eight questions to evaluate the CRNAs’ satisfaction 

with the in-situ simulation-based education of intraoperative emergencies that they have 

participated in. This section contained five questions using a 5-point Likert scale option (strongly 

disagree, disagree, neutral, agree or strongly agree). The remaining three questions were optional 

open-ended questions that allowed participants to provide feedback and/or comments to support 

their answers to the corresponding 5-point Likert-scale questions. Additionally, this section 

explored the CRNAs’ opinions regarding ongoing participation with in-situ simulation-based 

education at their workplace. It was estimated that the survey took approximately 10 minutes to 

complete. 

 Since this data collection tool was created de novo by the researcher, experts were 

required to evaluate it for content validity. A total of five experts evaluated the tool. Three of the 

experts were CRNAs with each having over 20 years of clinical experience and five years 

observing and grading simulation exercises. The first expert reviewer has a PhD and was the 

former research director at Georgetown University’s DNAP program. The second expert has a 

DNP and was the former simulation coordinator at Georgetown University’s DNAP program. 

The next expert has a PhD, is an associate professor at Texas Christian University’s DNP-A 

program, and has published several articles on simulation. The fourth expert has a PhD and was 

an associate professor in the DNAP program, a health policy and global health ethics professor at 

Georgetown University. The fifth and final expert is a professor with a PhD at the school of 

Nursing at UT Health Science Center in San Antonio whom has over 30 years of patient care 
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experience and is involved in the school’s committee that is designated to build simulation and 

skills lab capacity using innovative strategies.  

 

Procedure 

 

 Upon receiving approval from Georgetown University’s Institutional Review Board 

(IRB), an application for electronic survey was submitted to the AANA’s Research Surveys, 

Services and Assistance department (see Appendix E). The application included the following 

documents: cover letter/consent script (see Appendix B), the official IRB approval letter, the 

research methodology and the In-Situ Simulation of Intraoperative Emergencies Assessment tool 

(see Appendix C). The AANA’s Research Surveys, Services and Assistance department created 

an online survey via SurveyMonkey which generated a secure hyperlink to the formatted data 

collection tool. Once the link was generated, the AANA securely emailed the cover letter with 

invitation to participate (see Appendix B), IRB-approved informed consent script, and hyperlink 

to the actual survey to the random members of the AANA that volunteered to participate in 

online surveys. The cover letter included adequate detail regarding the description of the study 

and its purpose, inclusion and exclusion criteria, contact information of the researcher, and 

statement ensuring the confidential rights of participants. The letter communicated to participants 

that accessing the link to the survey implies consent to participate in the research. Participants 

were told no personal or identifying information will be collected. Participation in the survey 

was voluntary and the respondent could choose to opt out or withdraw from the research at any 

time prior to submitting the survey. However, since SurveyMonkey or AANA Research Service 

collects no identifying information, there are no means to withdraw survey answers once 
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submitted. The electronic mail with the cover letter and the survey link were made available for 

four weeks. The AANA sent a reminder email at three weeks to all selected participants since the 

security of SurveyMonkey makes it impossible to discern who has already replied to the survey. 

  Once the respondents clicked submit, the survey ended. Submission to the AANA 

included both partially completed and wholly completed surveys. Once the survey ended, a 

confirmation page appeared and respondents no longer had access to the survey. Following the 

completion of the survey period, received data containing no identifying information was placed 

into an Excel spreadsheet and emailed to the researcher. The Excel spreadsheet was secured on a 

private personal laptop that was password protected and only accessed by the researcher. The 

data sheet will be kept for a period of three years and then deleted per IRB guidelines. 

 

Data Analysis 

 

The data analysis plan was created in collaboration with the study statistician. The data 

were derived from SurveyMonkey and organized in an excel spreadsheet. The data analysis 

focused on answering the project’s questions and aims. Descriptive statistics were used to 

describe the demographics of the study participants. Ordinal and nominal data were evaluated 

using frequency analysis. Kruskall-Wallis tests and Chi-square analysis were used to determine 

statistical differences between ordinal variables. The data were analyzed using both R (version 

3.6.0) and SPSS (version 26.0) computing software.  
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Protection of Human Rights 

 

 This study was approved by the Georgetown University IRB (IRB number 2018-1317) 

prior to conducting the study. As required by the IRB, the researcher has been certified in the 

Collaborative Institutional Training Initiative (CITI) Human Research Curriculum and 

certification is attached (see Appendix D). In addition, the AANA’s Research Survey, Services 

and Assistance department approved the data collection tool, cover letter with the consent script, 

survey order form and attestation that identifying information of participants such as e-mail 

addresses will not be made available to the researcher, prior to sending it out to participants. The 

cover letter detailed how the confidentiality and privacy of the participants will be protected by 

collection of no personal identifiers, as well as the right to opt out or withdraw participation at 

any time after starting the survey, but before submission. The cover letter also informed 

respondents that participation in the study is voluntary and that they could withdraw at any time 

without fear of penalty. No personal or identifying information will be collected from 

participants at any point in the survey. SurveyMonkey has a secure database and is protected by 

server authentication and data encryption by Secure Sockets Layer (SSL) and Transport Layer 

Security (TLS). After 12 months from launching the survey, the AANA will discard the 

responses as well as the survey itself.  
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CHAPTER 4 

 

Findings 

 

On February 6, 2019, the AANA’s Research Surveys, Services and Assistance 

department emailed the In-situ Simulation of Intraoperative Emergencies Assessment Tool to 

2844 randomly selected members of the AANA that did not opt out of mass emails. The email 

included a cover letter containing details about the survey and an electronic link to access the 

survey tool. The survey tool was made accessible to participants for one month with data 

collection ending on March 6, 2019. The AANA’s Research Surveys, Services and Assistance 

department gathered the survey results and placed them in an excel spreadsheet that was then 

presented to the researcher. The data were then analyzed with results being presented in this 

chapter.  

 

Sample 

 

Between February and March 2019, a total of 2844 members of the AANA were 

randomly selected to participate in the In-situ Simulation of Intraoperative Emergencies 

Assessment survey. A total of 138 responses were received for a response rate of 4.9%. Out of 

the 138 respondents, 2 CRNAs failed to complete the entire survey and 3 CRNAs reported that 

they are not currently practicing. Therefore, a total of 133 surveys underwent statistical analysis.  

The first six questions of the survey dealt with the demographic and anesthesia practice data. 

Demographic data included gender, age, years of clinical experience, primary type of clinical 



 
 

37 

practice, location of clinical practice and typical hours worked were collected. Results from the 

demographic questions are listed in Table 1. The majority of respondents were female (57.89%), 

and worked primarily in a hospital-based setting (81.95%). Additionally, the preponderance of 

respondents reported working more than 30 hours per week (81.95%) and having less than 10 

years of experience as a CRNA (45.86%). Survey respondents practiced in all regions with a 

plurality located in Region IV [(33.08%) Alabama, Florida, Georgia, Kentucky, Mississippi, 

North Carolina, South Carolina and Tennessee]. 
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Research Question 1 

 

Research Question #1 

Do Certified Registered Nurse Anesthetists have the opportunity to participate in in-situ 

simulation-based education of intraoperative emergencies at their workplaces? 

 Survey questions 10 to 16 evaluated CRNAs’ participation in simulation, especially in-

situ simulation, in the management of intraoperative emergencies. A total of 66.9% (89 of 133) 

CRNAs reported prior experience with any form of simulation training in the management of 

intraoperative emergencies. The plurality of these simulation experiences took place in a 

designated simulation center while in an educational training (48.86%). Additional simulation 

experiences in managing intraoperative emergencies were obtained at their place of employment 

either at as simulation center (19.32%) or in situ in an actual operating room (39.77%) at a 

professional conference (30.68%), and other (5.68%), such as disaster drills. 

 Follow-up question further evaluated only those that indicated prior participation in 

simulation in the management of intraoperative emergencies; 29.5% (26 of 88) reported 

participating in in-situ simulation at their place of employment (see Figure 1). A Kruskall-Wallis 

test showed that there was no statistically significant difference in ability to participate in SBE of 

intraoperative emergencies and gender (p = .513), age (p = .321), years of experience (p = .527), 

and hours worked (p = .770). However, a Chi-square test of independence indicated a significant 

association between primary place of employment and ability to participate in SBE of 

intraoperative emergencies, c2 (2, N = 88) = 6.173, p < .046. Specifically, those who primarily 

practice in hospitals or outpatient surgical centers were significantly more likely to participate 

than in any other settings. 
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Characteristics of in-situ SBE of intraoperative emergencies noted by survey respondents 

is listed in Table 2. The majority of the CRNAs’ primary place of clinical practice offers in-situ 

SBE of intraoperative emergencies as often as every 6 months to once per year (73.08%, 19 of 

26). The most common type of in-situ SBE of intraoperative emergencies conducted at their 

primary places of clinical practice was team-based, interprofessional SBE (76.92%, 20 of 26), 

while the most common type of modality used was role playing (84.62%, 22 of 26). The number 

of times that the majority of CRNAs reported having participated in in-situ SBE of intraoperative 

emergencies offered at their primary places of clinical practice ranges from one to five times. 

(65.38%, 17 of 26).  
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Research Question 2 

 
Research Question #2 

When available, what is the satisfaction of Certified Registered Nurse Anesthetists with 

in-situ simulation-based education conducted at their workplaces to prepare for intraoperative 

emergencies? 

 Of the 26 CRNAs who reported participation in in-situ SBE at their workplace, 80.7% 

(21 of 26) either agreed (19) or strongly agreed (2) to feeling satisfied with the in-situ SBE at 
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their primary place of clinical practice. Survey respondents’ comments and opinions regarding 

in-situ SBE are presented in Table 4. However, 65.4% (17 of 26) of survey respondents agreed 

(12) or strongly agreed (5) that in-situ SBE prepared them to handle potential intraoperative 

emergencies.  

 All respondents were asked about their interest in participating in in-situ SBE of 

intraoperative emergencies at their workplace. If given an option, the majority of CRNAs would 

most likely participate in in-situ SBE of intraoperative emergencies at their workplace (80.9%, 

106 of 133). Table 3 summarizes the results that explore the second research question. 

Additionally, the majority of CRNA respondents also believed he/she should participate in in-

situ SBE of intraoperative emergencies in his/her current anesthesia practice (76.3%) at least 

once every 6 months (30.8%) to once a year (36.9%).  
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Additional Findings 

 

 CRNA respondents were asked to evaluate their confidence in their ability to manage any 

intraoperative emergencies that may occur in their clinical practice. The majority, 54.14% of 

CRNA respondents, indicated that they were confident in managing an intraoperative 

emergency. Furthermore, CRNA respondents were asked to specify how often have they 

encountered the following intraoperative emergencies in their clinical practice: malignant 

hyperthermia, anaphylaxis, cardiac arrest, LAST, difficult airway and massive hemorrhage. 

Results are provided in Figure 3. On average, it was found that CRNAs experience one of these 

intraoperative emergencies at least once per year. Survey question 8 asked respondents to 

identify additional intraoperative emergencies they encountered in clinical practice. Responses 

were grouped into 5 different domains: (1) obstetric (high risk deliveries, amniotic fluid 



 
 

44 

embolism, emergency Cesarean section and post-partum hemorrhage); (2) cardiac (severe 

hypotension with induction, cardiac tamponade, and arrhythmias); (3) embolism (air, pulmonary 

and fat); (4) trauma (blunt force and gunshot wounds); and (5) fire in the OR. 
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Summary 

 

 Data collected from the In-situ Simulation of Intraoperative Emergencies Assessment 

Tool was used to answer the two research questions. The first research question results showed 

that while the majority of CRNAs had participated in any type of SBE of intraoperative 

emergencies, only a small number of CRNAs had actually participated in in-situ SBE of 

intraoperative emergencies at their primary place of practice. These CRNA respondents 

primarily practice mostly at hospital-based settings. Statistical analysis revealed that there is a 

significant association between those who had participated in SBE of intraoperative emergencies 

and where they primarily practice. Specifically, those in hospitals or outpatient surgery centers 

were significantly more likely to participate than in any other setting. 

The second research question results showed that the majority of CRNA respondents 

would like to participate and believe that CRNAs should participate in in-situ SBE of 

intraoperative emergencies in their primary place of clinical practice. Of the CRNAs who 

participated in in-situ SBE of intraoperative emergencies, the majority were satisfied with such 

simulations offered at their primary place of clinical practice. In addition, the majority of CRNAs 

also reported that the previously participated in-situ SBE of intraoperative emergency has 

prepared them for emergencies that have occurred in their practice.   

 More than half of CRNA respondents reported confidence in managing an intraoperative 

emergency. Survey results also showed that while there is a variable number of intraoperative 

emergencies that can occur, CRNAs rarely experience an intraoperative emergency in their 

clinical practice.  

 



 
 

47 

CHAPTER 5 

 

Discussion 

 

This scholarly project aimed to explore CRNAs’ participation in in-situ simulation-based 

education for intraoperative emergencies and their satisfaction with such simulations. Additional 

investigative questions in this project aimed to support the findings of the primary and secondary 

research questions. The results of this exploratory, descriptive study as well as the limitations, 

clinical implications and recommendations for future research are presented in this chapter. 

The findings of this study show that 66.9% of CRNAs had prior experience with SBE for 

the management of intraoperative emergencies. Exposure to SBE primarily occurred during their 

education program (48.9%; 43/88), in situ at their place of employment (39.8%; 35/88), or at a 

professional education conference (30.7%; 27/88). This study’s results are similar to those of one 

published by Cannon-Diehl et al.77 which showed 48% of surveyed CRNAs had prior experience 

to high-fidelity simulation and 45% used it during their anesthesia education. While the data is 

encouraging, due to the small sample size, these results may not accurately describe the use of 

SBE by CRNAs in the United States.77 These percentages are rather lower than expected since 

recent reported SBE rates indicate that a majority of nursing, medical, and allied health programs 

have implemented SBE into their curriculum.59-62 Additionally, most research studies in the 

literature indicate that implementing SBE has a positive impact on knowledge and skill 

retention17-19 of both previously learned and newly acquired skills.17-19,40,54,63-65 A possible 

explanation to the unexpected lower prevalence is the fact that the majority of respondents have 

over 10 years of experience and may have been enrolled in programs that had not yet 

implemented simulation.  One can postulate, however, that the plurality in the number of CRNAs 
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who had indicated prior SBE experience is due to the emerging evidence of SBE advantages as 

an effective teaching approach. In fact, when compared to traditional teaching lectures, SBE has 

been shown to increase both didactic and procedural knowledge.18,55   

The primary purpose of this study is to explore the prevalence of in-situ SBE of 

intraoperative emergencies in a CRNA’s workplace. Responses indicate that of the 88 

respondents that received SBE on intraoperative emergencies, 29.5% (26/88) were conducted in 

an in-situ environment at their primary place of practice. The study defined in-situ simulation as 

a simulation conducted in an actual patient care (real or mock) setting such as the operating 

room. Although this definition and examples were highlighted on the survey questionnaire, it is 

possible that survey respondents may have answered the question incorrectly due to varying 

definitions of this relatively new modality.69,79  

The study found that CRNA respondents indicated participation of in-situ SBE about one 

to five times total while working at their primary places of clinical practice despite the fact that 

the practices offer in-situ SBE once every 6 months to a year. It is important to note that 

respondents did not indicate how long they had been at their primary places of clinical practice. 

Additionally, CRNA respondents most commonly participate in a team-based, interprofessional 

SBE using role playing as a modality. In the literature, most studies on in-situ SBE for low 

frequency, high-risk emergency scenarios involved other healthcare professionals such as 

physicians and nurses as well as nursing and medical students, with no specific mention of 

CRNAs as sample population.22,39,46,72 In-situ SBE studies involving other disciplinary providers 

have found positive impact on enhancement of nontechnical skills such as teamwork and 

communication.21,24,25,39,71,72 In addition, important findings of studies pertaining to in-situ 

simulation have shown promising results helping providers maintain clinical practice 
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competency in the management of intraoperative emergencies,30,39,72,80 and detect latent safety 

threats in the clinical environment.25-27,48,73 Most importantly, in-situ SBE has been shown to 

improve patient care and outcomes.23,26-29 

There is a paucity of data in the literature pertaining to in-situ SBE of intraoperative 

emergencies pertaining specifically to CRNAs. CRNAs are essential members of the 

intraoperative team and are often tasked with providing lifesaving treatments. Therefore, further 

exploration was necessary to identify CRNAs’ participation in in-situ SBE. The overall findings 

of this study indeed suggest that the majority of CRNAs either have not participated in in-situ 

SBE or have not been given the opportunity at their primary place of clinical practice. 

CRNAs who have had in-situ SBE conducted at their workplace have reported overall 

satisfaction and would like to participate if given the opportunity. Evidence surrounding the 

advantages of in-situ SBE in motivating perceived improvement in a clinician’s performance and 

satisfaction with practice improvement has been well established in the literature.23,27,71 In 

particular, most studies done on in-situ SBE of intraoperative emergencies have reported 

increased improvement in learning outcomes such as technical and nontechnical skills that can 

be translated into clinical practice.22,39,72,80 Previous research on simulation, specifically for 

CRNAs, have demonstrated the respondents’ perceived value of simulation.75,77 For example, to 

evaluate CRNAs’ perception toward human patient simulation (HPS), Hawkins et al.,75  

surveyed CRNAs (N = 378) and noted a consensus on subjects’ responses that HPS is an integral 

component of anesthesia training and should be included in the certification process for CRNAs. 

Additionally, the authors in this study selected 9 CRNAs to participate in a 1-day simulation 

training and completed a pre- and post-simulation questionnaire. Post-simulation questionnaire 

results indicated a more positive response in questions related to whether simulation should be 
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required for certification compared to pre-simulation results (P < .05). When asked about the 

possible barriers to using simulation, variable responses by CRNAs included the simulation 

being “stressful”, “not an accurate representation of actual practice”, time, and cost. This list is 

not exhaustive and the authors suggested that barriers to use of simulation for recertification 

should be further explored.75  

Other authors have, however, implicated that in-situ simulation is cost-effective.23,39,69,71 

Specifically, in-situ simulations can be utilized at low-resource settings such as at a hospital in 

Africa.23 Chima et al.,23 conducted a research study on in-situ simulations of an obstetric 

emergency involving nurse anesthetists (N = 21) in Sierra Leone. In this cross-sectional, 

observational study, the authors identified substantial risks to patient care and articulated support 

that in-situ simulations can be done in a low-resource setting such as a maternity hospital in 

Sierra Leone.23  

The results from this study also showed a significant association between primary place 

of employment and ability to participate in SBE for intraoperative emergencies. Compared to 

outpatient surgery centers, those who worked in a hospital setting were significantly more likely 

to participate in SBE. Published data on in-situ SBE indicate that the majority of studies 

conducted on intraoperative emergencies occur in the various clinical areas of a hospital20-22,24-

27,39,71,72 with scant data existing on in-situ SBE being conducted in outpatient surgery centers or 

ambulatory surgical clinics. In an article published by Ritt et al.,81 the authors discussed the need 

for in-situ simulation in an office-based anesthesia for dental emergencies. Specifically, the 

authors emphasized how dental offices have no dedicated teams to respond to emergencies and 

have staff with no other training besides the required BLS, ACLS, and PALS to handle 

infrequent and high crisis emergencies. Therefore, the authors highly suggest using simulation to 
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train staff and bridge gaps in knowledge and practice for dental emergencies.81 An outpatient 

endoscopy clinic has implemented in-situ simulation in improving airway emergency knowledge 

and have found positive results.20 Potential barriers to implementing in-situ simulation in 

outpatient surgery centers is not discussed in this research project. Future exploration may be 

necessary to address this. 

Further results from our study indicate that CRNAs are confronted with at least one 

intraoperative emergency per year. Recall of current treatment recommendations, especially low-

incidence, high-risk emergencies such as local anesthetic toxicity (LAST) can be mentally and 

emotionally taxing. In LAST, excess concentrations of local anesthetics in the blood stream can 

lead to alterations in mental status to complete cardiovascular collapse.5,38 Prompt recognition 

and initiation of specific treatment, lipid emulsion therapy, is required to prevent poor patient 

outcomes.2 A case report published by Smith et al.82 describes an occurrence of LAST following 

a local anesthetic injection to a peripheral nerve. The patient was successfully rescued after 

initiating LAST treatment interventions utilizing lipid emulsion therapy. Providers credit a recent 

LAST simulation experience with preparing them to appropriately recognize and treat this 

infrequently experienced emergency.82    

 

Limitations 

 

This scholarly project used a convenience sample of active CRNA members of the 

AANA that opted to receive mass communications. The minimum sample size needed to achieve 

a 90% confidence level was 269 (see Appendix A). We received 138 responses for a response 

rate of 4.9%. Even though the demographic of our results is a close representation of the 
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AANA’s,83 the limited response rate may limit the generalizability of our study and may increase 

the probability that true differences among groups were not identified (Type II error). 

Additionally, 33% (N = 44) of our respondents were from Region IV (Alabama, Florida, 

Georgia, Kentucky, Mississippi, North Carolina, South Carolina, and Tennessee). Therefore, our 

results may indicate a regional bias.   

Since in-situ SBE is a certain subtype of simulation, one can only assume that there could 

be unfamiliarity with the specific definition by respondents. Despite providing a definition of in-

situ SBE on the data collection tool, the fact that the tool was created de novo is also another 

limitation of this project. There is likelihood for some questions on the data collection tool being 

misinterpreted by the respondents. However, only 6.8% of those who have participated in 

simulations reported unfamiliarity with this specific type of SBE. Furthermore, it is somewhat 

difficult to find in-situ studies for intraoperative emergencies in the literature specific to CRNAs 

as the sample population. Given the limited amount of studies intended for CRNAs and their 

experiences with in-situ SBE for intraoperative emergencies, it is somewhat challenging to 

directly compare and contrast the results of this study to previous studies. Finally, barriers to 

participating in in-situ simulation is beyond the scope of this study. 

 

Implications 

 

To the researcher’s knowledge, there has not been a similar study exploring whether 

CRNAs have opportunities to participate in in-situ SBE at their primary place of clinical 

practice. Based on the results of this study, CRNAs are interested in participating in in-situ SBE 

to improve clinical competency in the management of intraoperative emergencies. Required 
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knowledge and skills on the management of intraoperative emergencies can degrade especially 

when rarely practiced. One method that can allay this problem and help CRNAs stay up to date 

with current evidence-based practice in the complex management of intraoperative emergencies 

is participating in-situ SBE. There is a consensus on most published studies that CRNA 

respondents report overall satisfaction with previous simulation experience.74,75,77 Similar results 

were observed in this current study. In addition, results convey that in-situ simulation is 

warranted and data suggests it is currently not being done by majority of CRNAs at their primary 

place of clinical practice. Conducting simulations in the actual point of care unit using resources 

from that specific unit and involving multi-disciplinary team members have been regarded as 

cost-effective.23,39,69,71 The added benefit of enhancing communication and teamwork among 

different members of the healthcare team is critical in promoting patient safety and improving 

patient outcomes.68   

 

Future Recommendations 

 

 This study should serve as baseline information on the prevalence of in-situ SBE of 

intraoperative emergencies for CRNAs. There is potential for tackling knowledge degradation by 

keeping up to date with information using in-situ SBE. Future research studies can then be 

explored on implementing an in-situ SBE for intraoperative emergencies at an institution. 

Furthermore, there is a paucity of research studies being done on knowledge and skill 

degradation specifically for CRNAs. Based on other population, one can imagine this 

phenomenon to exist among CRNAs and should further be explored.  
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As discussed, previously learned knowledge and skills on the management of low-

frequency, high-risk intraoperative emergencies can degrade over time. In-situ SBE is one 

method that can help alleviate this inevitable problem among healthcare providers. Therefore, 

CRNAs’ primary place of clinical practice should include in-situ SBE in their departmental 

training plan. Data from this study could be used as a foundation for implementing unit specific 

in-situ simulation-based education of some rare intraoperative emergencies to improve both 

technical and nontechnical skills of CRNAs in their primary place of clinical practice.     
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APPENDIX A 

 
Raosoft Power Analysis Calculation 
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APPENDIX B 

 
Cover Letter/Informed Consent Script 

 

Subject: You are invited to participate in a research study titled: In-situ Simulation of 
Intraoperative Emergencies: An Exploration of Prevalence in Certified Registered Nurse 
Anesthetists’ Workplaces and Satisfaction with the Experience. 

Dear CRNAs: 

You are invited to participate in a research study titled “In-situ Simulation of Intraoperative 
Emergencies: An Exploration of Prevalence in Certified Registered Nurse Anesthetists’ 
Workplaces and Satisfaction with the Experience.” This study is being conducted by Glenise 
Lynn Perez, RN, a student nurse anesthetist at Georgetown University. The purpose of this study 
is to determine the prevalence of in-situ simulation-based education of intraoperative 
emergencies for certified registered nurse anesthetists in their workplaces. Furthermore, a second 
purpose is to explore CRNAs’ satisfaction with the in-situ simulation-based education.  
 
In this study, you will be asked to complete an electronic survey. Your participation in this study 
is entirely voluntary at all times. You can choose not to participate at all, decline to answer any 
of the questions, or discontinue participation and not submit the online survey. Regardless of 
your decision, there will be no effect on your relationship with the researcher or any negative 
consequences. 
 
If you agree to participate, you are asked to fill out a survey that you will access online through 
SurveyMonkey – the link to the survey is provided below. The electronic survey will contain 
questions on the prevalence of in-situ simulation-based education of intraoperative emergencies 
at the CRNA’s workplace, participation in these simulations, and satisfaction with previously 
attended in-situ simulation-based education. The types of questions asked will be multiple-
choice, Likert scale questions, scaled range with a free response option, and open-ended 
questions.  
 
The survey includes four sections: demographics (six questions), management of intraoperative 
emergencies (three questions), prevalence of in-situ simulation-based training of intraoperative 
emergencies (seven questions), and satisfaction with in-situ simulation-based training previously 
attended (eight questions). This survey should take approximately 10 minutes to complete. Once 
you complete the questions and submit the survey through SurveyMonkey, your responses will 
be sent to the AANA and there will be no way to withdraw from the study because there is no 
mechanism to identify you. 
 
All of your responses to this survey will remain strictly anonymous and cannot be linked to you 
in any way. No identifying information about you will be collected at any point during the study. 
Study data will be kept in an electronic excel file provided by the AANA. The AANA only 
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releases the results of the survey to the researcher. There will be no personal information 
released to the researcher. The electronic, non-identifiable, file will be kept by the researcher on 
a password-protected computer.  
This invitation does not imply any endorsement of the survey research and/or its findings by the 
AANA. The survey contents and findings are the sole responsibility of the individual conducting 
the survey. 
 
There are no risks associated with this study. While you will not experience any direct benefits 
from participation, information collected in this study may benefit the profession of anesthesia in 
the future by better understanding of the ways to maintain competency in the management of 
intraoperative emergencies using in-situ simulation-based education. The results may also lead to 
the development of in-situ simulation-based education of intraoperative emergencies in the 
operating room. 
 
If you have any questions regarding the survey or this research project in general, please contact 
the principal investigator, Glenise Lynn Perez at 512-909-3114 or via email at 
gsp31@georgetown.edu or faculty advisor, Catherine Horvath, at 202-687-8122 or via email at 
chh24@georgetown.edu, or the Institutional Review Board (IRB) via email at 
irboard@georgetown.edu. 
 
By completing and submitting this survey, you are indicating your consent to participate in this 
study. There is no need for a signed consent to participate. 
 
To start the survey, please follow this link:  
  
We request that you submit the survey by  
 
Sincerely, 
 
Glenise Lynn Perez, RN 
Georgetown DNAP Class of 2020 
Georgetown University  

 
Catherine Horvath, DNP, CRNA 
Assistant Professor  
Georgetown University 
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APPENDIX C 

 
In-situ Simulation of Intraoperative Emergencies Assessment Tool  

 This is a research tool to explore the prevalence of in-situ simulation-based education of 

intraoperative emergencies in a CRNA’s workplace. Please answer the questions according to 

the instructions provided in each section. In order to keep your response anonymous, please do 

not include any identifying personal information.  

A. Demographics 

Please select the single best response. 

1. What is your gender?    ¨ Female      ¨  Male      ¨ Prefer not to say 

2. Please select your age category below: 

¨ 20-30 yrs     ¨ 31-40 yrs     ¨ 41-50 yrs     ¨ 51-60 yrs     ¨ 61-70 yrs     ¨ >71 yrs 

3. How many years of clinical experience do you have as a CRNA?  

¨ 0-5 yrs 
¨ 6-10 yrs 
¨ 11-15 yrs 
¨ 16-20 yrs 
¨ 21-25 yrs 
¨ >25 yrs 
 
4. What is your primary place of clinical practice? 
 
¨ Hospital  
¨ Outpatient surgery center 
¨ Office 
¨ Government facility 
¨ Other, please specify _________________ 
¨ I do not currently practice  
 
[If the answer to the question above is “I do not currently practice”, survey 
automatically ends here. SurveyMonkey will display a confirmation page that the survey 
ended and a note saying thank you for their participation.] 
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5. Which region is your primary place of clinical practice located?  

¨ Region I (Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont) 
¨ Region II (New Jersey, New York, Puerto Rico, US Virgin Islands) 
¨ Region III (Delaware, District of Columbia, Maryland, Pennsylvania, Virginia, West 
Virginia) 
¨ Region IV (Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South 
Carolina, Tennessee)  
¨ Region V (Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin) 
¨ Region VI (Arkansas, Louisiana, New Mexico, Oklahoma, Texas) 
¨ Region VII (Iowa, Kansas, Missouri, Nebraska) 
¨ Region VIII (Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming) 
¨ Region IX (Arizona, California, Hawaii, Nevada, American Samoa, Guam, Northern 
Mariana Islands) 
¨ Region X (Alaska, Idaho, Oregon, Washington) 
 
6. How many hours per week do you practice as a CRNA at your primary place of clinical 

practice? 

¨ 0-10 hrs 
¨ 11-20 hrs 
¨ 21-30 hrs 
¨ 31-40 hrs 
¨ >40 hrs 
 
B. Intraoperative Emergencies 

Please answer the following questions according to the instructions provided for each 
question. 
 
7. I am confident in my ability to manage any intraoperative emergency in the operating room. 

(Select one response.) 

¨ Strongly Disagree 
¨ Disagree 
¨ Neutral  
¨ Agree 
¨ Strongly Agree 
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8. In your clinical practice, approximately how often have you encountered one of the 

following intraoperative emergencies: (Please check the most appropriate response to each 

item.) 

 

 
 

Never Once in 
my 

career 

Twice 
in my 
career 

Once 
per 
year 

Once 
per 

month 

Once 
per 

week 

More 
than once 
per week 

Malignant 
Hyperthermia 

¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Anaphylaxis ¨ ¨ ¨ ¨ ¨ ¨ ¨ 
Cardiac Arrest ¨ ¨ ¨ ¨ ¨ ¨ ¨ 
Local Anesthetic 
Toxicity 

¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Difficult Airway ¨ ¨ ¨ ¨ ¨ ¨ ¨ 
Massive 
Hemorrhage 

¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Other, please specify 
______________ 
 

¨ ¨ ¨ ¨ ¨ ¨ ¨ 

9. How do you currently maintain knowledge and clinical practice competency related to 

intraoperative emergencies? (Select all that apply.) 

¨ reading journals 
¨ attending seminars/conferences 
¨ participating in in-situ (in a real functional operating room) simulation-based education 
¨ participating in simulations outside the workplace 
¨ Other, please specify _________________ 
 
C. In-situ Simulation-based Education of Intraoperative Emergencies 

Please answer the following questions according to the instructions provided for each 
question. 
 
10. In the past, have you ever participated in simulation-based education of the management 

of an intraoperative emergency (Examples include: in-situ simulation, virtual reality, high-

fidelity simulation, manikin-based, hospital-wide disaster drills, etc.)? (Select one response.) 

¨ Yes, I have     ¨ No, never     
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[If participants answered “Yes, I have”, they will proceed to question 11. If participants 
answered “No, never”, they will proceed to question 21.] 
 
11. If yes, where did the simulation-based education of the management of an intraoperative 

emergency occur? (Select all that apply.) 

¨ During my educational program in a designated simulation center  
¨ In my workplace, in-situ (in a real functional operating room) 
¨ In my workplace, in a designated simulation center  
¨ At a professional conference 
¨ Other, please specify ___________________________ 

12. In-situ simulation is defined as simulation conducted in an actual patient care environment 

(real or mock setting) such as the operating room. Does your PRIMARY PLACE OF 

CLINICAL PRACTICE offer in-situ simulation-based education as a method for ongoing 

training in the anesthetic management of an intraoperative emergency? (Select one response.) 

 
¨ Yes        ¨ No        ¨ I do not know 
 
[If participants answered “Yes”, they will proceed to question 13. If participants 
answered “No” or “I do not know” they will proceed to question 21.] 
 
13. If yes, HOW OFTEN does your primary place of clinical practice conduct in-situ 

simulation-based education of intraoperative emergencies? (Select one response.) 

¨ Once a week 
¨ Once a month 
¨ Once every 6 months 
¨ Once a year 
¨ Once every 2 years 
¨ Other, please specify ___________ 
¨ I do not know 
 
14. If yes, HOW MANY in-situ simulation-based education of intraoperative emergencies 

have you attended in your primary place of clinical practice? (Select one response.) 

¨ Zero  
¨ 1-5 times 
¨ 6-10 times 
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¨ 11-15 times 
¨ 16-20 times 
¨ >20 times 
 
15. If yes, please indicate the TYPE(S) of in-situ simulation-based education of intraoperative 

emergencies that your primary place of clinical practice offers. (Select all that apply.) 

¨ single-anesthesia provider education 
¨ team-based education, anesthesia only 
¨ team-based education, interprofessional (e.g. involving surgeons, circulator RNs, 
anesthesiologists, etc.) 
¨ Other, please specify _______________________ 
 
16. If yes, please indicate the MODALITIES used by your primary place of clinical practice to 

conduct the in-situ simulation-based education of intraoperative emergencies. (Select all that 

apply.) 

¨ virtual reality 
¨ high-fidelity simulation 
¨ low-fidelity simulation 
¨ manikin-based 
¨ standardized patients 
¨ role playing 
¨ Other, please specify ____________________ 
 
D. Satisfaction with In-situ Simulation-based Education 

Please indicate your answer to the following statements by selecting one option that best 
reflects your opinion.  
 
17. I FELT SATISFIED with the in-situ simulation-based education of anesthetic 

management of an intraoperative emergency in which I have participated in my primary place 

of clinical practice. (Select one response or skip this question if you have no previous 

experience with in-situ simulation-based education.) 

¨ Strongly Disagree 
¨ Disagree 
¨ Neutral 
¨ Agree 
¨ Strongly Agree 
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18. Please provide your COMMENTS and/or OPINIONS in order to support your answer 

from the previous question. (Optional, open-ended question). 

__________________________________________________________________________ 

19. The in-situ simulation-based education of anesthesia management of intraoperative 

emergencies in which I have participated at my primary place of clinical practice has 

PREPARED ME for possible clinical emergencies. (Select one response or skip this question 

if you have no previous experience with in-situ simulation-based education.) 

¨ Strongly Disagree 
¨ Disagree 
¨ Neutral  
¨ Agree 
¨ Strongly Agree 
 
20. Please provide your COMMENTS and/or OPINIONS in order to support your answer 

from the previous question. (Optional, open-ended question). 

__________________________________________________________________________ 

21. If given the option, I would like to PARTICIPATE in in-situ simulation-based education 

of management of intraoperative emergencies in my current anesthesia practice. (Select one 

response.) 

¨ Strongly Disagree 
¨ Disagree 
¨ Neutral  
¨ Agree 
¨ Strongly Agree 
 
22. I believe, a CRNA should participate in in-situ simulation-based education of 

intraoperative emergencies in his/her current anesthesia practice. (Select one response.) 

¨ Strongly Disagree 
¨ Disagree 
¨ Neutral 
¨ Agree 
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¨ Strongly Agree 
 
23. In my opinion, a CRNA should participate in in-situ simulation-based education of 

intraoperative emergencies in his/her current anesthesia practice: (Select one response.) 

¨ Once a month 
¨ Once every 6 months 
¨ Once a year 
¨ Once every 2 years 
¨ Never 
 
24. If you answered “Never” to the previous question, please provide your COMMENTS 

and/or OPINIONS to support your answer to the previous question. (Optional, open-ended 

question.) 

___________________________________________________________________________ 
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APPENDIX D 

 
CITI Program Course Certificate 
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