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ABSTRACT
Management of a cannot-intubate, cannot-ventilate (CICV) scenario remains a core anesthesia competency; however, technical, and human factors, rooted in certified registered nurse anesthetists (CRNA) perceptions and skill proficiency, contribute to poor success rates and negative outcomes related to reestablishing an airway via cricothyrotomy (Boet et al., 2011; Silverio et al., 2021). Despite the rarity of CICV events requiring cricothyrotomy (1 in 50,000), they result in 25% of anesthesia-related deaths, with more than two-thirds performed too late to change outcome (Onrubia et al., 2018; Wittwer et al., 2019). Traditional simulation cannot adequately fill provider education demands due to cost; therefore, augmented reality (AR) was introduced as an extension to traditional simulation and remains a novel, yet promising, development for healthcare education (Hauze et al. 2019). 
When asked, CRNAs noted a desire for proficiency in this skill, therefore we investigated whether CRNAs would demonstrate greater confidence, knowledge, and skill in performing a cricothyrotomy, after education via AR technology. Through an interactive simulation workshop with 24 participants, data analysis revealed a statistically significant difference in participant’s composite pre- and post-educational confidence scores (Mean 2.90 to 4.26, p < .001) and knowledge scores (Mean 6.04 to 8.68/10, p < .001). Skill competence was assessed using a standardized skill checklist, revealing an average score of 7.36 (out of 8). Findings suggest that augmented reality simulation is a reasonable educational technique for improving a CRNA’s perception and ability to safely perform a cricothyrotomy, thus increasing adherence to the difficult airway algorithm and improving patient outcomes.
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Background and Significance
Every healthcare professional must know their fundamental ABCs (airway, breathing and circulation). The cannot intubate, cannot ventilate (CICV) scenario is a high-risk, low-frequency (HRLF) event that anesthesia providers must be able to manage for risk of serious patient harm or death (Stephenson, 2015). The airway is the body’s conduit through which oxygen is delivered to the lungs and carbon dioxide is eliminated; without this passage, permanent brain damage can occur in 5 minutes, and death becomes imminent (Wilson et al., 2003). Certified registered nurse anesthetists (CRNAs) are expected to be experts in airway management, using the American Society of Anesthesiology (ASA) difficult airway algorithm as a guide. 
The difficult airway algorithm was developed to guide clinicians in the management of patients with a predicted difficult airway or those whose airway cannot be adequately managed before or after anesthetic induction (Hung & Murphy, 2017). A critically important component of the difficult airway algorithm delineates how to proceed through the ‘cannot-intubate, cannot-ventilate’ (CICV) pathway. When the initial steps of the difficult airway algorithm do not achieve an adequate airway for gas exchange, anesthetists must consider establishing the invasive surgical airway via cricothyrotomy. However, since cricothyrotomy is rarely performed, CRNAs have little confidence in performing this skill in a true emergent situation (Boet et al., 2011). A need for continuous and ongoing training for performing this life-saving measure exists. Simulation learning offers a potential way to train CRNAs on this skill, but according to Hauze et al. (2019), traditional simulation cannot adequately fill provider education demands due to cost restraints incurred by high-fidelity manikin simulators, storage, maintenance, and staffing.
When not managed appropriately, the difficult airway is a source of significant morbidity and mortality within anesthesia care. Over one year, Cook et al. (2011) identified 33 deaths and 46 cases of brain damage due to airway complications. This same study reported adverse events related to airway management occurring at rates as high as one per 22,000 general anesthetics. Despite the rarity of CICV events requiring cricothyrotomy (1 in 50,000), they result in 25% of anesthesia-related deaths and more than two-thirds are performed too late to change outcome (Onrubia et al., 2018; Wittwer et al., 2019). Between 2000-2012, 80 out of 102 closed airway management claims degenerated into a CICV scenario, where 4 out of 10 surgical airways were delayed due to provider unavailability and performance delay; additionally, three-fourths of the CICV scenarios revealed judgment failures, lack of an airway management plan, and failure to adhere to this algorithm (Joffe et al., 2019). Furthermore, Cook et al. (2011) found that 58 emergency airways were attempted out of 133 reported anesthesia-related cases (25 performed by an anesthetist, of which only 9 were successful). These findings suggest the need for further training and education regarding the difficult airway. Apart from significant morbidity and mortality, the difficult airway is also a source of substantial financial burden. Hospital admissions complicated by difficult intubation, had a cost differential of approximately $20,231 existing for those patients having experienced a difficult intubation versus those who have not, as well as an average length of stay in the ICU of approximately 3.8 days longer (Moucharite et al, 2021).
Understanding the efficacy of simulation techniques used to master complex psychomotor skills can help guide educational methodology and ensure CRNA competency. Immersive technology includes various modalities (augmented, virtual, or mixed reality) where digital and audio content is manipulated and made available to the human senses to transport learners to an altered, real-world environment (Hauze et al., 2019). By providing safe, realistic, and meaningful clinical scenarios augmented with human anatomy, immersive simulation technology has the potential to transform healthcare education. Augmented reality (AR), a system where computer-generated information is superimposed on the physical world using audio or visual elements, was introduced as an extension of traditional simulation-based learning and remains a novel, yet promising, development in education (Hauze et al., 2019). One can expect AR to significantly affect future learning and research through its constructivist learning approach, an approach known for promoting learner confidence and critical thinking skills (Martli & Dincer, 2021). AR may also offer a cost-effective alternative for high quality simulation. Hauze et al. (2019) estimates the cost of a partial task trainer to be anywhere from $500-20,000, while a high-fidelity and fully computerized mannequin may cost as much as $10,000-200,000. Alternately, Hauze et al. (2019) estimates that more affordable immersive reality technologies (e.g., augmented, virtual, mixed reality) may cost as little as $100-$3000, however this remains variable. Before its benefits can be fully realized, further research is required to form a conclusion regarding the efficacy of AR-based simulation techniques when applied to anesthesia provider education. 
CRNAs are expected to be experts in airway management, and increasingly independent practice further necessitates this. Cricothyrotomy remains a rarely used, but critical psychomotor skill for anesthesia practice; its infrequency in the clinical setting leads to a general lack of confidence and proficiency, and skill decay, thus necessitating continuous education (Boet et al., 2011; Stephenson, 2015). Due to its novel use, a knowledge gap exists regarding whether AR-based simulation technology improves provider confidence, knowledge acquisition, and skill in performing cricothyrotomy.  
Literature Review
The aim of this literature review is to explore simulation modalities, utilized in healthcare provider education, for teaching psychomotor skills, including cricothyrotomy and report on CRNA perceptions of cricothyrotomy itself. Online databases-PubMed, Embase, and Google Scholar-were utilized to collect relevant literature. Keywords searched in each database included “simulation”, “simulation-based”, “training”, “cricothyrotomy”, “cricothyroidotomies”, “augmented reality”, “confidence”, “anesthesia”, “anesthetists”; these same keywords were intermittently combined via the Boolean connectors “AND” and “OR”. The “allintitle” function via Google Scholar was used to limit extraneous search results. Inclusion criteria included the following: peer-reviewed journal articles and academic papers with free, full-text availability that were less than six years old; articles examining healthcare practices related to anesthesia, surgery, or alternative healthcare disciplines; articles examining immersive and traditional simulation techniques; and articles that evaluated or compared the efficacy of a single or multiple simulation modalities. Non-English journal articles or academic papers and studies solely evaluating the functionality and feasibility of AR technology were excluded. Upon searching the Embase database, 34 total articles were identified. PubMed yielded a total of 1,406 articles. Finally, a total of 336 articles were identified via Google Scholar. Altogether, the search yielded 1,776 articles. Titles and abstracts were skimmed for relevance to key terms, literature review aim, and inclusion/exclusion criteria. Additionally, reference lists were screened, and duplicate articles were disregarded. Upon final review, 31 articles were deemed appropriate and selected for review.     


Levels of Evidence
The literature search yielded 31 relevant articles for review spanning various levels of evidence. Of the 31 articles, six were single randomized controlled trials (Aebersold et al., 2018; Hauglum et al., 2020; Huang et al., 2021; Pulijala et al., 2017; Rojas-Munoz et al., 2020; Wray et al., 2019), eight were quasi-experimental studies or nonrandomized controlled trials (Boet et al., 2011; Erlinger et al., 2021; Kurt et al., 2021; Miller et al., 2020; Putnam et al., 2021; Scott-Herring et al., 2020; Suzuki et al., 2021; Webb et al., 2020), and two articles included a cohort study or case-control study (Nguyen et al., 2019; Novas et al., 2020). Two studies were systematic reviews of qualitative studies (Gerup et al., 2020; Kovoor et al., 2021) and 13 studies were single qualitative or descriptive studies or quality improvement studies (Ameri et al., 2019; Bortman et al., 2019; Briggs et al., 2021; Brzozowski et al., 2021; Clark et al., 2021; Gabbard et al., 2021; Lutgendorf et al., 2017; Myers et al., 2017; Parsons et al., 2018; Silverio et al., 2021; Staun et al.,2020; Wiggins et al., 2018; Wunder et al., 2020). Overall, all 31 studies demonstrated clear methodology and their research clearly delineated the individual study aims (see Appendix A).
Simulation in Anesthesia Training
As a teaching tool in anesthesia education, simulation itself promotes experiential learning, a process where knowledge is created through hands-on experiences and physical transformation; it is an optimal way to practice rare and life-threatening clinical scenarios (Miller et al., 2020; Webb et al., 2020; Wunder et al., 2020). Traditional simulation via high-fidelity mannequins, or task trainers, remains pertinent and widely used. Gerup et al. (2020) conducted an integrative review demonstrating that simulation, augmented with AR technology, is being used to study more avenues in anesthesia; notably, AR outperformed traditional simulation in simulations involving venous cannulation. As simulation research targeting anesthesia education evolves, its utility for crisis and non-crisis scenario management is considered. 
Crisis Scenarios
Anesthesia providers must be able to manage HRLF scenarios due to risk of serious patient harm or death (Stephenson, 2015). To better prepare nurse anesthetists, the use of a simulated environment is now the growing standard for teaching technical and non-technical skills (Wunder et al, 2020). Erlinger et al. (2021) and Wunder et al. (2020) revealed that more than 88% of future CRNAs indicated that simulation is an important component of their education and should be an absolute requirement; it is necessary for HRLF scenarios, early awareness of warning signs, and treatment. Simulation has been utilized to teach management of HRLF scenarios including malignant hyperthermia, airway fire, myocardial infarction (MI) or cardiac arrest, anaphylaxis, foreign body aspiration, bronchospasm, and postpartum hemorrhage. Through simulation, anesthesia providers-SRNAs, CRNAs, or residents-have demonstrated statistically significant improvements in confidence, knowledge of management, timely recognition of events, and/or a high degree of skill performance; these results were based on data collection measures consisting of pre- and post-questionnaire and/or performance checklists (Erlinger et al., 2019; Gabbard et al., 2021; Lutgendorf et al., 2017; Miller et al., 2020; Parsons et al., 2019; Putnam et al., 2021; Wunder et al., 2020). Through their work with traditional simulation to teach postpartum hemorrhage, Lutgendorf et al. (2017) found that simulation is particularly beneficial in HRLF scenarios, due to the need for rapid assessment and action, and efficient teamwork; post training provider comfort levels reached statistically significant improvements (p = 0.001). Apart from assessing knowledge and technical skill, simulation reinforces teamwork and communication; together, this translates to a high-functioning multidisciplinary team and improved patient safety. It is important to note, however, that Parsons et al. (2019) revealed that years of clinical experience and vigilance, as well as traditional simulation, may not be enough to prevent adverse effects from an HRLF scenario, as they exposed a previous study showing that 44% of CRNAs and anesthesiologists could not correctly identify and treat malignant hyperthermia. Gabbard et al. (2021) spoke to the risk of knowledge and skill deterioration for managing critical anesthesia events. They state that up to a 7% decline may be present after a time period of six months and up to a 25% decline after 18 months, thus potentiating a need for increased or improved simulation experiences. 
Nursing confidence remains a major factor in appropriate and swift initiation of resuscitation measures. Simulation mock codes are useful to improve patient outcomes in life-saving measures by decreasing nurse response times and providing exposure to HRLF events such as cardiac arrest (Brzozowski et al., 2021). Delayed initiation of chest compressions may result in a 10% increase in mortality (Brzozowski et al., 2021). Brzozowski et al. (2021) revealed that immersive cardiac arrest simulations for nursing staff effectively decreased resuscitation delays and improved self-confidence. 
For those difficult to replicate experiences, immersive reality provides robust opportunities (Wunder et al, 2020). Erlinger et al. (2019), Putnam et al. (2021), and Wunder et al. (2020) utilized immersive reality techniques to augment an HRLF simulation experience. Using the Magic Leap One virtual headset, elements of smoke, fire, and water were displayed in the glasses to recreate airway fire in the field-of-view of an SRNA (Wunder et al., 2020). Overall, SRNA simulation performance scores for technical and non-technical skill performance had means of 80% to 97% respectively, thus reflecting effective management. 
Though rare, pediatric airway emergencies present potential catastrophe, therefore, simulation is critical in providing exposure to these events. Learner knowledge of critical airway events and confidence in managing the pediatric airway was also assessed with the virtual headset, HoloLens. In 41 participants, most knowledge areas measured showed slight to significant improvements, with pediatric anatomy, anaphylaxis, and foreign body removal showing the highest improvement in scores (p < 0.05) (Putnam et al., 2021). 
Erlinger et al. (2019) used virtual simulation software with SRNAs and discovered a statistically significant difference between second- and third-year students in the timely recognition of an intraoperative MI (U = 270.5; p = .02); third-year students were able to recognize MI quicker with virtual simulation. This same study revealed that second-year SRNAs recognized MI significantly quicker when participating in high-fidelity mannequin simulation compared with virtual simulation (W = 29; p = .01). Erlinger et al. (2019) suggest that this difference may be due to third-year SRNAs having prior exposure to the virtual simulation software, as well as an additional year of didactic courses and clinical experience.
Simulation-based education combined with advances in mixed reality technologies holds promise to enable healthcare professionals to learn, practice, and improve their performance of technical and behavioral skills, particularly in HRLF scenarios (Wunder et al., 2020).
Cricothyrotomy Simulation Training. Considering the rarity of a cricothyrotomy, few anesthesia providers have been required to perform one in the entirety of their careers (Wittwer et al., 2019). This HRLF scenario and life-saving skill requires frequent training as clinical exposure is too infrequent to maintain competency (Boet et al., 2011). 
Traditional simulation using various methods such as porcine models, human cadavers, task trainers, or mannequins remains forefront in the literature, showing various outcome improvements pertaining to provider confidence, skill acquisition, and time to perform cricothyrotomy. Clark et al. (2021) report that success rates, even among trained providers, is less than 50%, with complication rates due to poor performance as high as 40%. In the study by Clark et al. (2021), provider self-efficacy was improved after attempts of a simulated cricothyrotomy on cadavers after standardized training (P = .036). 
Scott-Herring et al. (2020) found that CRNA confidence in performing successful cricothyrotomy in under 2 minutes was significantly increased (p < .001), while Wray et al. (2019) reported increased self-confidence in residents after simulation (p < .014). Of note, Clark et al. (2021) stated that a lack of confidence in one’s ability to perform a life-saving skill has been shown to lead to delays in initiating resuscitation measures like cricothyrotomy in real case scenarios. 
Time to complete a cricothyrotomy was measured in several studies assessing the efficacy of simulation for cricothyrotomy. All showed statistically significant improvement (Clark et al., 2021; Huang et al., 2021; Scott-Herring et al., 2020). Time to complete served as a metric for measuring skills competence as delay has been shown to be a major cause of morbidity and mortality, particularly anoxic brain injury, in the CICV scenario (Wittwer et al., 2019). Huang et al. (2021) measured average time to complete a cricothyrotomy before and after simulation training. The mean procedure time was improved after simulation from 39 seconds to 30 seconds (p = 0.001). Additionally, Scott-Herring et al. (2020) measured time to complete a cricothyrotomy as an additional outcome. Participants were able to secure an airway, on average, 60.4 seconds faster (130.4 seconds to 70 seconds after four attempts) during the simulation training demonstrating that simulation decreased time needed to secure the airway (Scott-Herring et al., 2020; Huang et al., 2021). In actual CICV scenarios, time reductions could lead to reduced morbidity and mortality by minimizing anoxic injury (Onrubia et al. 2018). Improved completion time, success rates, and difficult airway algorithm compliance are all possible with simulation (Clark et al., 2021).
Skill acquisition, often measured by adherence to a skill checklist, was measured in studies evaluating cricothyrotomy simulation (Clark et al., 2021; Nguyen et al., 2019). Clark et al. (2021) utilized a skills checklist that included items such as proper head positioning, adequate palpation of anatomical landmarks and appropriate use of instruments to assess skill acquisition in CRNAs and anesthesiologists during cricothyrotomy; significant improvement in checklist adherence after simulation training was reported (p = 0.012). Nguyen et al. (2019) recruited residents who participated in simulation training using animal models, cadavers, task trainers, and mannequins. Significantly improved technical skills of cricothyroidotomy (p < 0.05), as well as non-technical skills in simulated crisis scenarios (p < 0.05) was demonstrated. Nguyen et al. (2019) notes that preventable medical errors, including failed airway management because of poor skill, leads to more deaths per year in the United States than motor vehicle accidents, breast cancer or AIDS: an issue improved simulation techniques may potentially avoid. Boet et al. (2011) highlights the importance of adhering to the guidelines in airway emergencies as “prompt and appropriate decisive actions can improve patient outcomes” (p. 486).
Contrary to traditional simulation modalities, one study by Rojas-Munoz et al. (2020) was identified that utilized an AR guidance system during a cricothyrotomy simulation for emergency responders. Provider skill performance was measured through multiple scales and checklists, one of which being the emergency cricothyrotomy performance scale. Participants were mentored by one of two methods, audio only (cell phone speaker) or via an AR headset allowing surgical instruction and tool projection into the participants field of view, as well as two-way audio connection. Participants in the AR mentored group did significantly better (p = 0.01) when performing a cricothyrotomy compared to the audio only mentored group as measured by the emergency cricothyrotomy performance scale. These findings demonstrate the potential for AR simulation as a teaching method for cricothyrotomy. 
Non-crisis Scenarios 
Simulation is provided for anesthesia providers in non-crisis scenarios such as vascular cannulation, regional anesthesia, intubation/ventilation skills, and cardiac surgery preparation (Ameri et al., 2019; Bortman et al., 2019; Briggs et al., 2021; Hauglum et al., 2020; Miller et al., 2020; Myers et al., 2017; Novas et al., 2020; Staun et al., 2020; Wiggins et al., 2018). Wiggins et al. (2018) recognized a need to bridge the gap between initial CRNA training and the reintroduction of regional anesthesia skills after an interruption in regional anesthesia practice. Through a traditional simulation approach using didactic teaching and task trainers, Wiggins et al. (2018) found that CRNAs demonstrated significant comfort, confidence and knowledge levels when performing both epidural and spinal block. Through an augmented simulation approach using SRNAs and residents, Hauglum et al. (2020) and Ameri et al. (2019) showed that transverse abdominis plane block and spinal puncture success rates and accuracy are improved. Hauglum et al. (2020) reports increased SRNA confidence and ability to identify appropriate landmarks, a critical skill in performing cricothyrotomy.
Using vascular models and live humans, Briggs et al. (2021) and Bortman et al. (2019) found that an ultrasound-guided intravenous catheter placement simulation workshop for CRNAs led to both increased knowledge and confidence levels; the workshops led to an increased likelihood of using this skill, when necessary (i.e., improved adherence), which can improve performance delays. Staun et al. (2020) and Myers et al. (2017) found that traditional simulation for SRNAs and residents lead to improved confidence and knowledge in preparation for open heart surgery and the management of cardiopulmonary bypass. Anesthesia residents demonstrated improvements in performance, compliance, and self-efficacy (p < .001) for several essential anesthesia skills such as face-mask ventilation, orotracheal intubation, rapid sequence induction, cricoid pressure application, etc. after simulation training (Novas et al., 2020 & Miller et al., 2020). Numerous skills of airway management preclude the performance of a cricothyrotomy and require simulation training that can lead to instinctive responses in the clinical field (Miller et al., 2020). Through its many uses in anesthesia education, traditional and augmented simulation has been shown to allow the provider to develop the behavioral capability to manage both critical and noncritical events, no matter the frequency (Miller et al., 2020). Simulation has done well to provide exposure and accelerated skill acquisition and has become a Council of Accreditation standard.
CRNA Perceptions on Cricothyrotomy
Similar to self-confidence, self-efficacy, the belief in oneself to execute a skill successfully, is associated with greater perseverance and effort (Miller et al., 2020). When a challenge arises, nursing confidence is a major factor in appropriate and swift initiation of resuscitation measures; coupled with simulation, it is linked to lower emergency response times and delays (Brzozowski et al, 2021). As a core anesthesia competency, management of a CICV scenario requires cricothyrotomy to reestablish a functional airway, however rates of success by CRNAs are low (Silverio et al., 2021). Hesitation in performing cricothyrotomy is common; therefore, a clinician’s willingness to implement it will dictate success with this procedure. Silverio et al., (2021) conducted a pilot simulation-based training program, with periodic interviews with CRNAs, to identify psychological barriers regarding cricothyrotomy; several concerns surfaced. In a profession that demands high situational control, participants reported feeling threatened by emergency situations. They reported optimal preparation for everyday procedures but had little confidence in performing rare procedures such as cricothyrotomy due to minimal exposure and scant training. Participants suggested that cricothyrotomy is not a natural part of their duties. A transition from “anesthetist” to “temporary surgeon” was noted to have a psychological impact, linked to a fear of causing harm and a feeling of overt personal failure in airway management. The simulation training program enhanced CRNA competence and confidence, but perhaps more importantly, changed their outlook; it taught them to view cricothyrotomy as successful management of the failed airway, granting them permission and acceptance to perform this procedure. Ultimately, simulation normalized cricothyrotomy as an anesthetic procedure (Silverio et al., 2021).
 Both technical and human factors contribute to the negative outcomes related to the emergency surgical airway. When viewing CRNA perceptions of cricothyrotomy, increasing a provider's confidence in performing a cricothyrotomy will lead to better patient outcomes. In particular, it may reduce delays in performing a cricothyrotomy in a CICV scenario. As a major influencing factor, confidence can improve various aspects of healthcare providers’ clinical performance, all of which influence patient care quality (Miller et al., 2020; Staun et al., 2020). Silverio et al. (2021) demonstrated that a lack of confidence and familiarity with the skill could lead to performance delays, a known factor in CICV morbidity and mortality (Wittwer et al., 2019).
Augmented/Immersive Reality Simulation Outside Anesthesia
Currently, most exposure to AR occurs in gaming and smartphone apps, as well as the aviation industry for flight training (Kovoor et al., 2021). AR is increasingly being used in healthcare education both in surgical and nurse training. Performing healthcare practices that violate the integrity of the body requires consideration for optimal methods of teaching to promote patient safety and satisfaction (Kurt et al., 2021). 
AR has been mainly used in pilot studies and prototypes in nursing (Kurt et al, 2021). Aebersold et al. (2018) used an iPad to deliver an AR-based simulation of nasogastric tube insertion, where nursing students subsequently demonstrated improved perception of learning and understanding and an enhanced ability to identify anatomical structures (p = .011). Another nursing skill, injection practices, is a frequently used and feared skill involving high risk of error with knowledge and skill acquisition below the targeted level (Kurt et al., 2021). Kurt et al. (2021) evaluated AR-enhanced educational materials for simulating injection practices among nursing students; students receiving the educational materials demonstrated an increase in motivation, self-confidence, skill level, and knowledge (p < 0.05). 
AR simulation is being incorporated into fundamental surgical/procedure skills training, allowing for its evolution. Largely, this is being accomplished using virtual headset technology. Suzuki et al. (2021) argues that AR technology should improve the learning process within interventional radiology. Their source reiterated that AR allows for improved anatomical visualization; furthermore, AR studies have demonstrated improvements in student motivation for learning, interactivity, procedural planning, technical performance, material comprehension and material retention (Uppot et al., 2019). By comparing simulation methods for central venous cannulation performed by radiologists, outcome measurements favored an approach combining ultrasound with an AR phantom and HoloLens immersive headset display for subclavian venous cannulation, but not internal jugular cannulation. They found that AR-supplemented training resulted in improved subjective and objective measures when performing a venous canulation procedure. In order to teach Le Fort I Osteotomy repair, Pulijala et al. (2017) used an Oculus Rift immersive reality headset and Leap Motion controller to create a 360-degree operating room view, stereoscopic procedure visualization, and 3-dimensional (3D) interaction. They proposed that the performance of surgical procedures requires fundamental knowledge of surgery, anatomy, and tools, accompanied by “overlearning” until skills are performed without fear; they cited immersive reality technologies as a potential answer. Likert scale revealed that a virtual reality (VR) simulation group of surgical residents performing Le Fort I osteotomy had significantly increased self-confidence (p = .000) with a medium effect size of 0.642 and showed significantly greater self-confidence scores compared with the control group (p = .034). However, no significance was noted for the comparison of a knowledge outcome between each group per ANOVA testing. 
Kovoor et al. (2021) investigated the validity and effectiveness of various AR-based technologies as a potential method to enhance surgical education and training, not including cricothyrotomy. The majority of studies included in this systematic review established AR’s validity as an educational tool, and revealed that AR is effective for surgical skills acquisition, particularly with laparoscopic surgical skills and complete surgical procedure performance, irrespective of surgical specialty. Aebersold et al. (2018) reported that AR effectively compliments human cognitive processes and various skill performance measures; results of its efficacy in the above studies supports this notion.
Problem Statement & Purpose
The American Society of Anesthesiology (ASA) Difficult Airway Algorithm was developed to guide clinicians in the management of the predicted difficult airway or failed airway before or after anesthetic induction (Hung & Murphy, 2017). This algorithm delineates how to proceed through the ‘cannot-intubate, cannot-ventilate’ (CICV) pathway. Certified Registered Nurse Anesthetists (CRNAs) are responsible for acknowledging and adhering to each step in the difficult airway algorithm if an adequate airway for gas exchange cannot be established; this includes invasive, surgical access via cricothyrotomy.         
Considering that cricothyrotomy is rarely performed, CRNAs have little confidence in performing this skill in a true emergent situation; in fact, this skill imparts on the provider a significantly negative psychological toll (Boet et al., 2011; Silverio et al., 2021). Therefore, there is a need for continuous and ongoing training for performing this life saving measure. The most effective way to train CRNAs to perform this skill is unknown. Literature suggests that simulation training and immersive reality can be effective in developing and maintaining the skill, knowledge, and confidence of healthcare providers, but what remains unclear is the role immersive simulation techniques have in cricothyrotomy education for CRNAs specifically. The purpose of this DNP quality improvement (QI) project was to address this knowledge gap and provide CRNAs, who register for a cricothyrotomy workshop at the Michigan Association of Nurse Anesthetist’s (MANA) Fall Conference 2022, an opportunity to foster their professional development in this area. Immersive hands-on provider training utilizing the Lumis Insight Platform was utilized.
The question to be answered with this project was: Do CRNAs demonstrate greater confidence and knowledge, as well as a higher level of skill performance in performing cricothyrotomy procedures, after education via AR technology? 
Project Objectives
	The primary objective of this DNP project was to assess if immersive simulation via Lumis projection technology is an effective simulation method for increasing CRNA self-confidence with the task of cricothyrotomy. Secondary objectives include assessing this simulation modality’s effect on knowledge acquisition and skill performance with the task of cricothyrotomy.       
Theoretical Framework
	The practice theory that was utilized for this project is the Johns Hopkins Nursing evidence-based practice model (Appendix B). The overall goal of this model is to efficiently integrate the latest evidence into practice or patient care. The Johns Hopkins nursing center for evidence-based practice created the Practice-question, Evidence, Translation (PET) process, a three-step process to facilitate evidence-based practice divided into practice questions, evidence, and translation (JHNEB, 2021). The first step, practice question, starts with recruiting an interprofessional team, defining a problem and developing an evidence-based practice question. The second step, evidence, is accomplished by a searching for evidence, appraisal of evidence, a summary and synthesis of the evidence, and identification of knowledge gaps. The third step, translation, is accomplished by determining fit and feasibility of recommendations, creating an action plan, implementing an action plan, evaluating outcomes, reporting outcomes to stakeholders, and identifying next steps and disseminate findings (JHNEB, 2021). The translation step took on a larger role within this DNP project as the review of the literature revealed a knowledge gap regarding immersive simulation’s efficacy in cricothyrotomy education. The creation and implementation of an action plan took the form of a QI project with the goal of generating the data needed to determine best practices leading to practice improvements.
The conceptual framework that was utilized for this project is the National League for Nursing (NLN) Jeffries simulation theory (Appendix B). Under this framework, technology is merged with experiential learning and unique simulation experiences to bolster learning and skill performance (Hauze et al., 2019). The NLN Jeffries simulation theory differentiates the simulation process into select subcategories: “background and design”; “simulation experience”; and “outcomes”. Within this theory, “background and design” must address the overall fit of the simulation in the larger curriculum, followed by purpose, goals, and setting. The proposed simulation complemented difficult airway algorithm education by teaching a HRLF skill crucial to its adherence and patient safety. Applying this framework to this project, the purpose and pertinent goals are as follows: primary goal to determine the role of immersive simulation regarding improving CRNA provider self-confidence during cricothyrotomy, with secondary goals to determine AR simulation’s role in improving knowledge and skill performance. Resources used to accomplish these goals included university-supplied AR projection-based equipment, as well as partial task trainers and/or mannequins, and conference time. This project took place at the Michigan Association of Nurse Anesthetists Fall 2022 Conference. 
The design of this project was centered around the development of a scripted educational module to guide group instruction with the Lumis projection-based, AR platform. A post-simulation debrief session and surveys were designed and completed. The simulation experience for this project was facilitated by promoting an environment that was experiential, trusting, interactive, collaborative, and learner-centered (Jeffries et al., 2015). Sufficient preparation, educational presentation, periodic redirection and provider feedback and presence fostered trust and built the relationship-between facilitator and participant. Participant attributes that influenced outcomes included previous experience with cricothyrotomy, years practicing as a CRNA, self-confidence prior to simulation, and age. Outcomes were divided into system, patient, and participant outcomes. Organizational/systems outcomes that were affected included cost-effectiveness and modification to existing educational programs. Patient outcomes may include lower morbidity and mortality related to improved airway management. Participant outcomes included self-reported confidence, knowledge gained, and skill performance in performing cricothyrotomy immediately after simulation training.
Project Methodology
Project Design
	After IRB review, this DNP project was deemed a QI project. In collaboration with Lumis Corporation, a corporation which blends the physical learning environment with the digital environment, an educational program was designed around an HRLF scenario requiring cricothyrotomy. This scenario provided an active learning opportunity for CRNAs enrolled in an AR-based simulation workshop utilizing the Lumis AR platform. This system is capable of projecting supplemental images over a physical task trainer and provide pre-programmed instruction via a computerized tablet. An educational module depicting relevant anatomy, cricothyrotomy methods, indications, contraindications, and the steps pertinent to performing a cricothyrotomy using a Melker kit was developed. A standardized pre- and post-education knowledge and confidence assessment was provided and utilized, along with a skill check-off list, to measure each enrolled CRNA’s knowledge, confidence, and skill performance. Prior to project implementation, interrater reliability between investigators was tested when using the skills-checklist; first-year SRNA students from Oakland University were assessed via their performance of cricothyrotomy during a difficult airway workshop. 
Project Setting
The setting for this project took place at the MANA Fall 2022 Conference at the Grand Traverse Resort in Acme, Michigan.
Key Personnel/Stakeholders
	Key personnel for this project included co-principal investigators Zach Frenette and Brendan Pytlak, two doctoral nursing students currently attending Oakland University-Beaumont Graduate Program of Nurse Anesthesia (OUBGPNA), as well as their faculty project chair Laura Rodgers, DNAP, CRNA, CHSE. An additional stakeholder included Doug Nelson, PhD. from Lumis Corporation. MANA administrators assisting with scheduling the educational workshops were included as stakeholders. Task trainers for hands-on use were acquired through Oakland University. Lumis projection devices were acquired through Oakland University, with one additional unit acquired from Lumis corporation directly.
Participants/Population & Recruitment Strategy 
Participants included practicing CRNAs attending the MANA fall conference from September 30th to October 2nd, 2022, who enrolled in the workshop when registering for the conference. At time of online registration via MANA’s website, CRNA members were provided with an information sheet containing detailed objectives and a brief description of the cricothyrotomy simulation workshop (Appendix C). Upon online conference registration, CRNAs consented and registered voluntarily for the educational session at a time of their choosing. Participants chose one of four 60-minute sessions, each with an allotted capacity of ten participants for each session. 
Project Implementation, Intervention Plan & Procedures 
	Prior to the conference, CRNAs attending the MANA 2022 fall conference viewed the simulation workshop information sheet (Appendix C) and registered online at the time of general conference registration to participate in the cricothyrotomy simulation workshop. Additional information sheets were made available at the time of the workshop. Upon arrival to the workshop, participants were provided with and requested to sign the receipt of workshop information sheet (Appendix D). Four groups of ten participants each were divided among four 60-minute time sessions of their choosing. Paper-based data collection packets, individual packets consisting of a demographic questionnaire, pre- and post-education knowledge and confidence surveys, and a technology usability survey (Appendix E), were distributed to each participant upon their arrival to the workshop and labeled with a respective unique 4-digit identifier. A skills checklist measuring performance was added to each participant’s packet upon completion and grading of the hands-on cricothyrotomy performance (Appendix F). Before beginning the learning module, the participant was asked to complete the demographics questionnaire, followed by the pre-education knowledge and confidence surveys. Once complete, each group of 10 participants were subdivided into two groups of five participants each. Each five-person group was sent to one of two stations, each with a Lumis projection system, task trainer, and Melker cricothyrotomy kits. A co-principal investigator assisted CRNA participants to work through the educational module at each station. This module included the following content: indications and contraindications for cricothyrotomy, appropriate anatomy and landmarks for performing cricothyrotomy, options for surgical access; steps to performing a cricothyrotomy using a Melker kit, and a simulated scenario walkthrough.
Using the Lumis platform, respective anatomy and physiology was projected onto each task trainer for visualization The participant used a tablet to progress through the module. As a group at each station, the participants progressed through the module together. As the module ensued, the projected deep anatomical structures were removed, leaving only skin. A patient scenario was provided via a tablet. Surface anatomy and physiologic changes was projected onto the task trainer to augment the tablet scenario. At this time, the scenario was paused to allow hands-on training for each participant to perform this individually. The participants’ performance was graded by the investigators using the standardized checklist, which was then added to each packet at the end of the session. Between individual performances, the task trainer skin that lies over the cricothyroid membrane was covered with a replacement skin to cover the preexisting puncture site and facilitate repeat landmark identification. Upon individual skill completion, participants were shown the effects of their cannulation attempt with anatomical projection and vital signs via the tablet. A debriefing session followed. Participants were asked to complete the post-education knowledge and confidence surveys, containing the same content as the pre-education surveys and a technology usability survey. This process was then repeated for each workshop session. 
Data Collection Instruments 
Data collected throughout this workshop was obtained from the paper-based data collection packet given to each participant at the beginning of the workshop. This packet consisted of demographic data, followed by a pre-education knowledge and confidence assessment that was to be completed by the participant prior to beginning the learning module. The participant then underwent the learning module. After completion of the learning module the participant completed a post-education confidence and knowledge assessment, as well as a technology usability survey. 
	As participants were conducting their individual hands-on cricothyrotomy, their adherence to the skills checklist was assessed by a co-principal investigator. This checklist was not provided to participants to view and was accessible by investigators only. Prior to implementing this skills checklist with registered CRNAs at the MANA conference, interrater reliability was assessed by comparing consistency of raters’ results with a cohort of OUBGPNA first-year SRNAs undergoing the Lumis module education at a difficult airway workshop.
Potential barriers to implementation and sustainability 
	Barriers to implementation arose from time constraints, group instruction, the registration process, and potential software malfunction. Participants were given only a 60-minute session at a time to arrive, complete the module as a group, perform individual cricothyrotomies, and complete their respective data packets. Proposed as a method to assist with time constraints and participant focus, group instruction may have introduced an advantage for subsequent participants who performed after others. A full dependency on technology to perform the simulation education would have resulted in project difficulties if a technology malfunction occurred.
Ethical considerations & risks
Prior to implementing this DNP project, IRB review through Oakland University was obtained (Appendix G) for QI status. Confidentiality of participant information exists as an ethical consideration; therefore, participants were de-identified by creating a self-identified participant number on the pre- and post-education, confidence assessments and skill performance checklists. During project dissemination, confidentiality was preserved. Ethical dilemmas were null as participation was strictly voluntary and did not involve direct patient care. Hands-on training was performed on task trainers and the Lumis Projection system versus human test subjects. 
Potential benefits & outcomes
Through hands-on practice of the HRLF scenario involving cricothyrotomy, CRNAs were granted the opportunity to potentially improve their knowledge, confidence, and overall skill in a rarely used, but critical procedure for managing the failed airway. This has the potential to improve independent provider practice, as well as improve patient safety by increasing adherence to the difficult airway algorithm and decreasing time delays for reestablishing ventilation and oxygenation in the case of a failed airway. 
Proposed timeline
A proposed project timeline can be viewed in Appendix H.
Anticipated resources, budget & funding plan
This project utilized resources supplied through the OUBGPNA. Resources include Kresge library, faculty chair collaboration, Oakland University task trainers, Melker cricothyrotomy kits, and data collection tools. Additionally, this project utilized the Lumis platform projection module and software purchased by Oakland University. Time and venue contributions were made by MANA administrators to facilitate the project at their fall conference 2022. Costs included student travel, and miscellaneous supply purchases to create the data collection packets. Costs were estimated as follows: $400 for travel, and $200 for miscellaneous supplies. Therefore, the estimated budget for this project was $600 of which the co-principal investigators were responsible for.
Evaluation Plan
Data was collected from CRNAs using the data collection packet; this data was inputted into an Excel spreadsheet. When evaluating this data, the authors’ main objectives were to determine the AR-based simulation workshop’s effect on provider confidence and knowledge, as well as level of skill performance when demonstrating the skill of cricothyrotomy. 


Provider Confidence
Pertaining to provider confidence, Likert scale responses were coded using numbers (Very Unconfident = 1; Very Confident = 5), and an average response was assessed for both pre- and post-education confidence assessments. Using a SPSS statistical software package, a Wilcoxon matched-pairs signed rank test was utilized to determine if statistically significant differences occurred between pre- and post-simulation.
Knowledge
The pre- and post-knowledge assessments each consist of 10 identical multiple choice and/or true and false questions regarding performance of a cricothyrotomy. Using a SPSS statistical software package, a Wilcoxon matched-pairs signed rank test was utilized to determine if statistically significant differences occurred between pre- and post-simulation.
Skill Performance
As participants were conducting their individual hands-on cricothyrotomy they were graded by a co-principal investigator according to the skills checklist. Overall mean scores and an average were calculated using descriptive statistics to assess for level of skill performance. 
Project Implementation
On October 1st, 2022, co-principal investigators Zach Frenette and Brendan Pytlak, along with their faculty project chair Laura Rodgers, DNAP, CRNA, attended the Fall MANA conference at the Grand Traverse Resort in Acme, Michigan. A conference room was provided and two Lumis projection platforms along with two mannequins designed for the simulation of cricothyrotomy were set up. Several tables and chairs were also provided for participants to fill out their data packets. On participant arrival the procedures described in the project implementation, intervention plan, and procedures section above were followed. Demographic data, pre-education skill-confidence levels, pre-education knowledge levels, post-education skill-confidence levels, post-education knowledge levels, and skill-performance data were collected. In total, 27 participants attended the workshop and took part in the educational session. Three participants were excluded due to a failure to meet inclusion criteria or failing to complete the data packet. 
Results
The final sample size was 24 CRNAs. Data retrieved from the data collection packets was compiled in Microsoft Excel, and statistical analysis was completed utilizing SPSS, a statistical software package, with the aid of a statistician. A Wilcoxon matched-pairs signed rank test was conducted to determine if there was a significant difference between participants’ pre- and post-education skill confidence. The analysis results revealed a significant difference in the participant’s composite confidence scores (z = - 4.29, p < .001). The results further indicated a post-education increase in composite confidence (Mean = 4.26, SD = 0.42) from pre-education composite confidence (Mean = 2.90, SD = 0.57) (Appendix I).
A Wilcoxon matched-pairs signed rank test was conducted to determine if there was a significant difference between participants’ pre- and post-knowledge assessment scores. The analysis revealed a significant difference in participants’ composite knowledge assessment scores (z = - 4.22, p < .001). The results further indicated a post-education increase in composite knowledge assessment scores (Mean = 8.68/10, SD = 1.108) from pre-education composite knowledge assessment scores (Mean = 6.04/10, SD = 1.33) (Appendix I).
Skill competence was assessed using a standardized skill checklist. The average score among the 24 participants was 7.36 (out of 8). 
Per the methodology, two co-co-principal investigators used the standardized skill checklist on their respective groups during the educational sessions. Inter-rater reliability was analyzed utilizing an intraclass correlation coefficient of 0.834, suggesting acceptable reliability for the measure.  
Discussion
Analysis of findings suggests that the simulation utilizing AR was effective in increasing participants’ self-reported skill-confidence and skill-knowledge. Utilizing the Wilcoxon matched-pairs signed rank test a statistically significant difference (p < .001) was found between self-reported skill confidence before and after undergoing our simulation workshop. A statistically significant difference (p < .001) was found between knowledge assessment scores before and after undergoing simulation training. The average score received on the skill checklist intended for assessing skill competence was 7.36 out of a possible 8 points. This suggests that most participants were competent in performing a cricothyrotomy after attending the simulation workshop. The above findings suggest that simulation supplemented with AR increases provider skill, knowledge, and confidence when performing a high-risk, low-frequency skill such as a cricothyrotomy. These findings align with similar studies, both Scott-Herring et al. (2020) and Wray et al. (2019) investigated the simulation education for cricothyrotomy. Scott-Herring et al. (2020) found that CRNA confidence in performing a successful cricothyrotomy in under two minutes was significantly increased after simulation training (p < .001), while Wray et al. (2019) reported increased self-confidence in residents after simulation (p < .014). 
The increase in skill-confidence arguably has the potential for the largest real-world effects. Due to the rarity of an actual cricothyrotomy, CRNAs are generally unconfident in their ability to perform the procedure (Boet et al., 2011). Previous studies have shown that more than two-thirds of cricothyrotomies are performed too late to change outcomes in part due to performance delays (Wittwer et al., 2019). A study by Silverio et al. (2021) investigated the general perceptions of CRNAs and their ability to perform a cricothyrotomy. After interviewing study participants, the consensus was simulation that was intended to increase the provider’s confidence in performing a cricothyrotomy would lead to decreased performance delays. This was thought to be in part, due to the normalization of cricothyrotomy and the shift in perspective that performing a cricothyrotomy was not to be viewed as a failure but rather as successful management of the airway.
The results of this study showed a significant (p < .001) increase in provider confidence after simulation training. When assessing the body of literature investigating provider confidence as it relates to performing a cricothyrotomy and closed claim analyses, the reoccurring theme is that a lack of confidence in performing a cricothyrotomy leads to an increase in morbidity and mortality. Logically, increasing provider confidence in this life-saving skill could lead to improved patient outcomes surrounding the CICV scenario.
Confidence in performing a cricothyrotomy is clearly not the only factor that creates competence in a psychomotor skill. In addition to provider confidence, we found significant (p < .001) increases in knowledge and high scores (Mean = 7.36 out of 8) on a skills checklist when performing a cricothyrotomy. The findings of this study suggest that simulation utilizing AR technology is an educational technique for improving a CRNA’s ability to safely perform a cricothyrotomy by increasing their confidence, knowledge, and skill pertaining to this potentially life-saving procedure.


Barriers
            Potential barriers to the widespread implementation of simulation technology that incorporates AR for the purposes of high-risk, low-frequency skills include a general lack of literature on the subject and cost concerns. Due to the novelty of this technology, there were few research articles that tested simulation technology utilizing AR. Many of the articles, that did not meet our inclusion criteria, studied simulation and AR were written from a technical/engineering perspective. This suggests that this technology is generally not ready for implementation for the purposes of education except in a few specific applications such as the Lumis platform utilized in this study. The widespread application of simulation utilizing AR across many medical disciplines still requires advancement and refinement from a technological perspective.
            The financial cost is another potential barrier to the implementation of novel simulation systems. New technologies such as the Lumis platform utilized in this study potentially cost more than or are an additional cost to existing simulation technologies such as standard simulation mannequins, cadavers, or animal models. Before the added cost of adopting these new technologies can be justified, further study is needed to demonstrate that simulation utilizing AR is superior to traditional simulation techniques. 
Unintended Consequences
            A potential negative unintended consequence of conducting this study is the possibility for providers who attended the simulation workshop to opt for a cricothyrotomy prior to working through the entire difficult airway algorithm. Due to time constraints related to the MANA conference, the entirety of the difficult airway algorithm was only briefly discussed. The majority of the time spent in the education sessions was committed to the final step of the difficult airway algorithm, the cricothyrotomy. Without reinforcing all the interventions that should be attempted prior to opting for a surgical airway, it is possible that some providers left the educational sessions without fully grasping the entirety of the difficult airway algorithm and where the skill of cricothyrotomy fits within this decision tree. 
Recommendations and Limitations (Within Strategic Plan)
	The strategic plan to implement this workshop was not without limitations. First, the final session was partially interrupted by a lunch period, therefore many of those who had registered for this session did not attend. A recommendation can be made to schedule time slots away from a lunch break. Second, a relatively short time window was available for progressing through each module, while providing enough time for individual skill performance and debriefing. Extra time could not be taken to wait for those who arrived late to each session. Due to incomplete data packets provided by those who were late, these participants could not be included. A recommendation to provide a longer time window to complete each session could be made. Third, when it was time to perform individual cricothyrotomies, group members were able to watch. Those performing may have felt increasingly self-conscious of their actions and afraid of failure in front of peers, which may be detrimental to providing a comfortable learning environment. Periodically group members provided reminders to the performing individual, however, scores were calculated based on initial observation of an individual’s action by the co-principal investigator. Group members performing later in the educational offering had an advantage when performing the skill due to repetitive previous observations. Isolating individual participants would help to maintain the integrity of an individual's performance and enhance learner comfort. Due to time constraints, a pre-education skill check-off could not be completed prior to the post-education skill check-off. This left the investigators without comparative data. Providing time for this piece of information to be gathered would allow for the comparative data to be analyzed for statistical significance. Finally, due to study design, a comparison of the effectiveness of simulation utilizing AR verses traditional techniques could not be made, as a result, superiority of either technique cannot be established.
Recommendation for Sustaining Intervention
	Determining the applicability of simulation utilizing AR in other settings or contexts requires further research. This project did reveal that this simulation modality may prove effective in the CRNA population and anesthesia settings, however, due to a limited and small sample population, the findings are not generalizable. Two questions must be answered before informed decisions regarding the adoption of this technology can be made. How effective is AR simulation at achieving educational goals compared to current simulation methods, and what is the financial cost of the particular technology to be implemented? 
As stated previously, limitations of this study include the lack of comparison of simulation utilizing AR to traditional simulation techniques (simulation mannequin, animal models, cadavers). This study, in addition to the studies throughout the current literature, fails to establish the superiority of simulation supplemented with AR or traditional simulation techniques. This study was able to conclude that the Lumis platform is an effective method for teaching the skill of cricothyrotomy however, due to limitations in study design, the claim that the Lumis platform is more effective than traditional techniques cannot be made. Without understanding if AR is a more effective teaching method compared to other techniques, a cost-benefit analysis cannot be utilized to determine if adopting this technology will be worthwhile. Further research is warranted to determine if the Lumis platform is superior to previously utilized techniques to teach the skill of cricothyrotomy to justify the added cost. 

Implications for Practice and Career Development
Management of a CICV scenario remains a core anesthesia competency, however technical and human factors, rooted in CRNA perceptions and skill proficiency, contribute to negative outcomes related to reestablishing an airway via cricothyrotomy (Silverio et al., 2021). Through this interactive simulation workshop, CRNAs improved their overall knowledge, and confidence, while demonstrating high proficiency in this critical skill. As proposed by Silverio et al. 2021, this and similar QI projects, can benefit the CRNA psyche and assist in normalizing this procedure within the profession. When a cricothyrotomy is deemed necessary, CRNAs may appropriately and swiftly initiate rescue measures. By doing so, patient safety and outcomes will be improved through increased adherence to the difficult airway algorithm and decreased time delays for reestablishing ventilation and oxygenation in a failed airway. Additionally, this has the potential to improve independent provider practice by increasing one’s confidence to practice at the full scope of their abilities. This project revealed that novel AR technology can effectively augment traditional simulation with safe, realistic, and meaningful clinical scenarios. With more than 88% of future CRNAs indicating that simulation workshops should be an absolute requirement in their education, this project may provide insight and guidance into establishing effective methods for ongoing provider training to ensure CRNA competency (Erlinger et al., 2021; Wunder et al., 2020). 
Contribution of Project in Achieving DNP Essentials
This project helped us achieve various DNP essentials. Essential I, scientific underpinnings for practice, was achieved throughout the literature review and implementation of this project. A prerequisite to teaching the skill of cricothyrotomy to CRNAs is a mastery of the skill and scientific underpinnings of its indications, contraindications, and psychomotor techniques. Essential II, organizational and systems leadership for QI and systems thinking, was achieved by completing this project. This project required us to lead a QI initiative, and analyze the cost-effectiveness of interventions while accounting for risk and improvement of healthcare outcomes. DNP Essential III, clinical scholarship, and analytical methods of evidence-based practice was achieved through the completion of this project. An extensive literature review was required to identify the current state of knowledge regarding AR and simulation in the application of high-risk, low-frequency skills in anesthesia. This required us to critically appraise literature, and utilize information technology and research to generate evidence to support claims pertaining to our subject matter. Essential IV, information systems/technology and patient care technology for the improvement and transformation of health care, was achieved during the review of the literature. Throughout the literature review, information systems such as databases including PubMed, Embase, and Google Scholar were utilized for data extraction and to form conclusions and identify knowledge gaps regarding our area of study. Finally, DNP essential VIII, advanced nursing practice was achieved throughout this project. In conducting this study, we designed, implemented, and evaluated an educational program with the potential for improved clinical outcomes. Additionally, we guided, educated, and supported CRNAs in improving their skill proficiency, knowledge, and confidence pertaining to cricothyrotomy.
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Appendix A: Levels of Evidence
	Level of Evidence
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Systematic review/ meta-analysis of randomized controlled trials
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Singe randomized controlled trial
	X
	
	
	
	
	
	
	
	
	
	X
	X
	
	
	
	

	Quasi-experimental studies/ nonrandomized controlled trials
	
	
	X
	
	
	
	
	X
	
	
	
	
	
	X
	
	X

	Cohort or case-control studies
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Systematic review/ meta-synthesis of qualitative studies
	
	
	
	
	
	
	
	
	
	X
	
	
	X
	
	
	

	Single qualitative or descriptive studies/ evidence implementation and quality improvement
	
	X
	
	X
	X
	X
	X
	
	X
	
	
	
	
	
	X
	

	Expert opinion
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	








	Level of Evidence
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	Systematic review/ meta-analysis of randomized controlled trials
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Singe randomized controlled trial
	
	
	
	
	X
	
	X
	
	
	
	
	
	
	X
	

	Quasi-experimental studies/ nonrandomized controlled trials
	
	
	
	
	
	X
	
	X
	
	
	X
	X
	
	
	

	Cohort or case-control studies
	
	X
	X
	
	
	
	
	
	
	
	
	
	
	
	

	Systematic review/ meta-synthesis of qualitative studies
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Single qualitative or descriptive studies/ evidence implementation and quality improvement
	X
	
	
	X
	
	
	
	
	X
	X
	
	
	X
	
	X

	Expert opinion
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Key: [1] Aebersold et al., 2018; [2] Ameri et al., 2019; [3] Boet et al., 2011; [4] Bortman et al., 2019; [5] Briggs et al., 2021; [6] Brzozowski et al., 2021; [7] Clark et al., 2021; [8] Erlinger et al., 2021; [9] Gabbard et al., 2021; [10] Gerup et al., 2020; [11] Hauglum et al., 2020; [12] Huang et al., 2021; [13] Kovoor et al., 2021; [14] Kurt et al., 2021; [15] Lutgendorf et al., 2017; [16] Miller et al., 2020; [17] Myers et al., 2017; [18] Nguyen et al., 2019; [19] Novas et al., 2020; [20] Parsons et al., 2019; [21] Pulijala et al., 2017; [22] Putnam et al., 2021; [23] Rojas-Munoz et al., 2020; [24] Scott-Herring et al., 2020; [25] Silverio et al., 2021; [26] Staun et al., 2020; [27] Suzuki et al., 2021; [28] Webb et al., 2020; [29] Wiggins et al., 2018; [30] Wray et al., 2019; [31] Wunder et al., 2020
[bookmark: bookmark=id.wpwz9nlnc7zz]Appendix B: Theoretical Framework Models
Figure B1
The Johns Hopkins Nursing Evidenced-Based Practice Theory Model

[image: ]

Note. This model is a problem-solving approach to clinical nurse decision-making guiding individual or group use; it uses a three-step process called PET: practice question, evidence, and translation. Upstate University Medical database. Copyright 2021 by The Johns Hopkins Hospital/The Johns Hopkins University.
























Figure B2

National League for Nursing (NLN) Jeffries Simulation Theory Conceptual Framework

[image: ]
Note. This framework provides guidance to the establishment, modification, and/or evaluation to educational programs offering simulation learning opportunities. Six core elements—context, background, design, educational practices, simulation experience, and outcomes-are evaluated where human role players and simulated participants are integrated within the simulation experience. From “NLN Jeffries Simulation Theory: Brief Narrative Description,” by P.R. Jeffries, B. Rodgers, and K. Adamson, 2015, Nursing Education Perspectives, 36(5), 292–293. https://doi.org/10.1097/00024776-201509000-00004. Copyright 2015 by Lippincott Williams & Wilkins, Inc.
[bookmark: bookmark=id.gxn9adyh36mm]Appendix C: MANA Workshop Information Sheet
Description: 
A critically important component of the difficult airway algorithm delineates how to proceed through the ‘cannot-intubate, cannot-ventilate’ (CICV) pathway. When the initial steps of this algorithm do not achieve an adequate airway for gas exchange, anesthetists must consider establishing an invasive surgical airway via cricothyrotomy. This augmented reality-based simulation workshop will assist CRNAs in determining when cricothyrotomy is indicated and how to perform the procedure using a Melker kit. Hands-on practice will give participants the opportunity to improve their knowledge, confidence, and performance with identifying the cricoid cartilage and cannulating the trachea via this route.
Course Objectives: By the end of the education workshop, the CRNA will be able to:
1.     Identify indications/contraindications to cricothyrotomy
2.     Identify relevant anatomy specific to cricothyrotomy 
3.     Identify the 4 common methods of surgical access
4.     Accurately perform the steps of a cricothyrotomy
Study Title: Projecting the Future of Simulation Training
Principal Investigators: Brendan Pytlak & Zach Frenette
Location: Michigan Association of Nurse Anesthetists (MANA) Fall Conference 2022, Grand Traverse Resort in Acme, Michigan
Purpose:  The aim of this study is to determine how an augmented reality (AR)-based simulation approach for teaching cricothyrotomy impacts CRNA provider confidence, knowledge, and skill level when performing this task. 
 Study Procedures: When taking part in the study, you will be asked to do the following: 
·  Complete a pre- and post-education knowledge assessment regarding cricothyrotomy
· Complete a pre- and post-education confidence assessment regarding cricothyrotomy
· Agree to participate in an AR-based educational module delineating the indications and steps to performing a cricothyrotomy
· Agree to participate in a hands-on simulation training session to perform a cricothyrotomy on a task trainer
· Agree to be scored on skill performance using a standardized checklist
· As this is voluntary, you may opt out of study participation at any time without issue, however we urge you to participate for the 60-minute allotted time frame.
Benefits: The direct benefit for you would be the professional development of a known, but rarely used skill, cricothyrotomy. Additionally, this workshop aims to improve provider confidence, necessary for difficult airway algorithm adherence and increasingly independent CRNA practice.
Risks: No foreseeable risks are noted. 
Costs: No costs will be incurred for your participation.
Compensation: No compensation will be provided for your participation.
Confidentiality: All study aspects will remain confidential via randomized participant numbers. 
Voluntary participation/withdrawal: Participation is strictly voluntary; you may withdraw at any time.
Questions: Any questions should be directed to Brendan Pytlak at bpytlak@oakland.edu, Zach Frenette at zfrenette@oakland.edu or to the investigator’s faculty, Dr. Laura Rodgers, at larodgers@oakland.edu. Questions or concerns regarding rights as a participant should be directed to the Institutional Review Board at 248-370-4898. The Institutional Review Board oversees all human participant research conducted through Oakland University. 
Participation: By registering online for the Cricothyrotomy workshop at the 2022 MANA Fall Conference, you are agreeing to participate in this study.



















Appendix D: Receipt of Information Sheet 
Participant Number: XXXX
Study Title: Projecting the Future of Simulation Education
I have reviewed the project information sheet with the participant number:               
The participant has agreed to participate in the study. 
Comments, if applicable:  
 
 
 

Name of person distributing information sheet: 
  
Signature of person distributing information sheet:  
 
Date: 









[bookmark: bookmark=kix.t4oe345uq0ql]Appendix E: Data Collection Packet
Hello and welcome to the Fall 2022 MANA cricothyrotomy workshop presented by Brendan Pytlak and Zach Frenette, current SRNAs at Oakland University-Beaumont Graduate Program of Nurse Anesthesia. 
Your privacy is important to us, and we wanted to inform you that data will be collected throughout this workshop, however, no personal identifiers will be used. 
Contained in this packet is a pre-educational assessment, (Page 2-4) and a post-educational assessment, (Page 5-8). Feel free to fill out the pre-educational assessments (page 2-4) at this time, however, please do not fill out the POST-educational assessments (page 5-8) until you have completed the entire learning exercise. Do not hesitate to let us know if you have any questions and thank you for participating in our workshop.






[image: ]

Participant Demographics
Please answer the following questions by filling in the blank and/or circling only one answer per question. 
1. How many years of experience do you have as a CRNA? _____________________          
2. How long has it been since you received formal education regarding performance of a cricothyrotomy? ____________________________________ 
3. Have you been in a situation requiring emergent cricothyrotomy?  (please circle)   YES   /   NO
4. Have you performed a cricothyrotomy on an actual patient?  (please circle)   YES   /   NO
5. Education level?   Bachelor’s  /   Master’s     /    Doctorate
















Pre-educational Confidence assessment 
Please answer the following questions by circling only one response per question. 
1. How confident are you in recognizing the need to perform a cricothyrotomy?
	Very Unconfident
	Unconfident
	Neutral
	Confident
	Very Confident




2. How confident are you in identifying appropriate anatomical landmarks to perform a cricothyrotomy?
	Very Unconfident
	Unconfident
	Neutral
	Confident
	Very Confident




3. How confident are you in securing an airway via cricothyrotomy?
	Very Unconfident
	Unconfident
	Neutral
	Confident
	Very Confident




4. How confident are you in managing the failed airway?
	Very Unconfident
	Unconfident
	Neutral
	Confident
	Very Confident












Pre-educational knowledge assessment 
Please answer the following 10 questions by circling only one correct answer per question.
1. True or False: The cricohyoid membrane is the anatomical structure that will be punctured during a cricothyrotomy.

2. Of the following steps required for a cricothyrotomy utilizing the Seldinger (percutaneous wide bore) technique, which step will be completed first?

a. Using the scalpel to nick anatomical structures
b. Aspiration of air to confirm needle placement
c. Threading the airway catheter and dilator over the guidewire
d. Threading the guide wire through the catheter or needle
3. There are four generally accepted methods of establishing an emergency airway. Which of the following is NOT one of these four generally accepted methods?
a.  Open cricothyrotomy
b.  Seldinger cricothyrotomy (percutaneous wide bore)
c.  Scalpel-bougie cricothyrotomy
d. Transtracheal catheter ventilation (percutaneous small-bore)
e. Transtracheal direct laryngoscopy 

4. True or False: There are no absolute contraindications to performing a cricothyrotomy

5. The following are predictors of a difficult surgical airway except?
a. Past surgery in the neck area
b. Obesity
c. Past radiation to the neck
d. Grade four Mallampati 
6. True or False: The open surgical cricothyrotomy is the preferred method for obtaining an emergency surgical airway in the pediatric population.

7. The following equipment is likely to be included in a cricothyrotomy kit except?
a. A bougie
b. A guide wire
c. A scalpel
d. A syringe and needle
8. Utilizing standard anatomical position, what structure is immediately inferior to the thyroid cartilage (closer to the feet)?
a. Hyoid bone
b. Cricohyoid membrane 
c. Cricothyroid membrane
d. Thyroid gland
9. True or False: When performing a cricothyrotomy, a second provider should not provide apneic oxygenation via a bag-mask device as it has been shown to lower success rates of the surgical airway.
10.  Fill in the blank: It is recommended for an emergency cricothyrotomy that a right-handed provider stand at/on the ___________ .
a. Head of the bed
b. Patient’s left side
c. Foot of the bed
d. Patient’s right side
[image: ]
Stop here. Do not continue to next page until after completing the education.




Post-educational Confidence assessment 
Please answer the following questions by circling only one response per question. 
1. How confident are you in recognizing the need to perform a cricothyrotomy?
	Very Unconfident
	Unconfident
	Neutral
	Confident
	Very Confident




2. How confident are you in identifying appropriate anatomical landmarks to perform a cricothyrotomy?
	Very Unconfident
	Unconfident
	Neutral
	Confident
	Very Confident




3. How confident are you in securing an airway via cricothyrotomy?
	Very Unconfident
	Unconfident
	Neutral
	Confident
	Very Confident




4. How confident are you in managing the failed airway?
	Very Unconfident
	Unconfident
	Neutral
	Confident
	Very Confident













Post-education knowledge assessment 
Please answer the following 10 questions by circling only one correct answer per question.
1.  True or False: The cricohyoid membrane is the anatomical structure that will be punctured during a cricothyrotomy.

2. Of the following steps required for a cricothyrotomy utilizing the Seldinger (percutaneous wide bore) technique, which step will be completed first?

a. Using the scalpel to nick anatomical structures
b. Aspiration of air to confirm needle placement
c. Threading the airway catheter and dilator over the guidewire
d. Threading the guide wire through the catheter or needle
3. There are four generally accepted methods of establishing an emergency airway. Which of the following is NOT one of these four generally accepted methods?
a.  Open cricothyrotomy
b.  Seldinger cricothyrotomy (percutaneous wide bore)
c.  Scalpel-bougie cricothyrotomy
d. Transtracheal catheter ventilation (percutaneous small-bore)
e. Transtracheal direct laryngoscopy 

4. True or False: There are no absolute contraindication to performing a cricothyrotomy

5. The following are predictors of a difficult surgical airway except?
a. Past surgery in the neck area
b. Obesity
c. Past radiation to the neck
d. Grade four Mallampati 

6. True or False: The open surgical cricothyrotomy is the preferred method for obtaining an emergency surgical airway in the pediatric population.



7. The following equipment is likely to be included in a cricothyrotomy kit except?
a. A bougie
b. A guide wire
c. A scalpel
d. A syringe and needle
8. Utilizing standard anatomical position, what structure is immediately inferior to the thyroid cartilage (closer to the feet)?
a. Hyoid bone
b. Cricohyoid membrane 
c. Cricothyroid membrane
d. Thyroid gland
9. True or False: When performing a cricothyrotomy, a second provider should not provide apneic oxygenation via a bag-mask device as it has been shown to lower success rates of the surgical airway.
10.  Fill in the blank: It is recommended for an emergency cricothyrotomy that a right-handed provider stand at/on the ___________ .
a. Head of the bed
b. Patient’s left side
c. Foot of the bed
d. Patient’s right side



Continue to next page.
	




Technology Usability Survey

1. The learning module was easy to use

	Strongly Disagree
	Disagree
	Neutral
	Agree
	Strongly Agree


	2. The learning module was engaging

	Strongly Disagree
	Disagree
	Neutral
	Agree
	Strongly Agree


	3. The learning module helped me to learn how to perform a cricothyrotomy

	Strongly Disagree
	Disagree
	Neutral
	Agree
	Strongly Agree


	4. Seeing the anatomy and animations was helpful

	Strongly Disagree
	Disagree
	Neutral
	Agree
	Strongly Agree


	5. I would want to use something like this learning module again

	Strongly Disagree
	Disagree
	Neutral
	Agree
	Strongly Agree



6. What did you like best about the learning module?

7. What would you change about the learning module?

8. Any other comments you would like to share?

[bookmark: bookmark=kix.qkfx2jmibszf]Assessment completed. Please be sure this packet is returned to presenters. We hope you enjoyed the fall MANA cricothyrotomy workshop presented by Brendan Pytlak and Zach Frenette on behalf of Oakland University-Beaumont Graduate Nurse Anesthesia Program.

Appendix F: Cricothyrotomy Skill Check-off Sheet
Ordering: 1   2   3   4    5   6    7    8
SCORING FOR CRICOTHYROIDOTOMY PERFORMANCE: PASS/FAIL VERSION
	TASK
	SCORE 0
	SCORE 1
	TOTAL SCORE

	LANDMARK IDENTIFICATION
	UTILIZES DOMINANT HAND FOR PALPATION; UNABLE TO LOCATE CRICOTHYROID MEMBRANE
	LARYNX IMMOBILIZED AND STRUCTURE PALPATION FOR CTM USING NONDOMINANT HAND LEADS TO SUCCESSFUL IDENTIFICATION OF CTM
	

	CORRECT CAUDAL ANGLING DURING NEEDLE INSERTION
	CEPHALAD ANGLE or 90 DEGREES TO TRACHEA
	45 DEGREES CAUDAD
	

	ASPIRATION TO ID TRACHEA
	DOES NOT ASPIRATE or ATTEMPTS BUT DOES NOT GET AIR BACK
	ASPIRATES WITH AIR-FILLED SYRINGE
	

	CORRECT CAUDAL ANGLING DURING GUIDEWIRE INSERTION
	CEPHALAD ANGLE OR 90 DEGREES TO THE TRACHEA
	45 DEGREES CAUDAD
	

	ADEQUATE SKIN AND MEMBRANE INCISION
	DOES NOT USE SCALPEL FOR INCISION OR DOES NOT CUT THROUGH SKIN AND CTM
	CUTS SKIN AND CRICOTHYROID MEMBRANE
	

	CORRECT USE OF DILATOR AND CRICOTHYROTOMY
	ATTEMPTS TO INSERT CANNULA W/O DILATOR IN PLACE OR SEPARATES DILATOR AND THEN RAILROADS ENTIRE ASSEMBLY 
	RAILROADS ENTIRE ASSEMBLY (DILATOR AND CANNULA);, REMOVES DILATOR AND GUIDEWIRE AS SINGLE UNIT
	

	VENTILATION DURING CRICOTHYROTOMY
	DOES NOT VERBALIZE NEED TO VENTILATE TO CONFIRM CRICOTHYROTOMY PLACEMENT
	VERBALIZES NEED TO VENTILATE TO CONFIRM CRICOTHYROTOMY PLACEMENT
	

	AIRWAY SECUREMENT
	DOES NOT SECURE AIRWAY CATHETER
	APPROPRIATE CATHETERS TIES/STRAP USE
	

	TOTAL SCORE
	-
	-
	



[bookmark: bookmark=kix.vt90gh5fcwgy]


Appendix G: IRB Approval
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Appendix H: Project Timeline 
	Task
	3/22
	4/22
	5/22
	6/22
	7/22
	8/22
	9/22
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	11/22
	12/22
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	IRB Approval
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	DNP Proposal Completion
	
	
	X
	
	
	
	
	
	
	
	
	
	

	Pre- & Post-Survey Creation
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	Pre- & Post-Survey Distribution
	 
	 
	 
	 
	
	 
	 
	X 
	 
	 
	 
	
	

	Creation of Lumis Module
	X
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	

	Implementation
	 
	 
	 
	 
	
	 
	 
	 X
	 
	 
	 
	
	

	Analysis of Outcomes
	 
	 
	 
	 
	 
	 
	 
	
	 
	X 
	 
	
	

	
Dissemination
	 
	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	X



Appendix I: Data Graphs
Figure I1
Pre- and Post-Educational Mean Composite Confidence Scores
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Figure I2
Pre- and Post-Educational Mean Composite Knowledge Scores
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