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Educational Objectives
The goal of the simulation is to prepare an emergency medicine team to manage a patient suspected of COVID-19 requiring endotracheal intubation, a high-risk aerosol generating procedure.

By the end of this session, learners will be able to: 
1. Demonstrate and adhere to donning and doffing of PPE for high-risk aerosol generating procedures in suspected COVID-19 patients.
2. Perform an aerosol generating procedure while maintaining precautions, including pre-brief, intubation, and post-intubation management.
3. Demonstrate closed loop communication with interprofessional team with PPE in place and ongoing infection control procedures.

Abstract
Introduction: In the setting of the COVID-19 pandemic, aerosolizing procedures such as endotracheal intubation pose tremendous risk to providers if done improperly. Definitive airway management in this population requires the appropriate donning and doffing of personal protective equipment (PPE), effective interprofessional communication, and proper intubation strategies to maximize provider safety. 
Methods: In situ simulation was used to provide just-in-time training for interprofessional teams of adult emergency department team learners. This case involves a 72-year-old male with several comorbidities who presents with fever, cough, and suspicion for COVID-19. The patient then decompensates and requires intubation for acute hypoxic respiratory failure. Successful management requires teamwork, communication, appropriate use of PPE, and management of hypoxia and hemodynamics. Retrospective pre-post survey data was collected from physician providers who participated in the simulations to assess comfort level after training.
Results: In a two-week time span we performed 41 practice simulations for 85 physician providers, in addition to nursing staff and respiratory therapists (numbers not counted). Physician survey data demonstrated increases in comfort with appropriate use of PPE and airway management in a suspected COVID-19 patient.
Discussion: In situ simulation provides an optimal environment to practice a high-stakes procedure in a safe and controlled setting. Providers were trained to don/doff PPE and manage acute hypoxic respiratory failure of a suspected COVID-19 patient in a simulated setting. Comfort level with the procedure increased significantly after performing the simulation. 

Introduction
The COVID-19 pandemic has been declared a global pandemic by the World Health Organization after emerging from Wuhan, China in December 2019.1,2 While knowledge regarding the transmission and natural history of COVID-19 continues to evolve, the rate of transmission to healthcare workers is high. In Italy, 20% of healthcare workers were infected.3 Emergency Department (ED) healthcare workers are on the front lines and are therefore among the first to encounter patients suspected of having COVID-19. In addition, aerosol generating procedures (AGP) often occur in the ED due to the acuity of patient presentation. This creates a concern for healthcare worker safety with aerosolization of viral particles during procedures such as endotracheal intubation.4,5

Given the highly infectious nature of COVID-19, additional precautions in airway management are required and healthcare workers must be trained to closely follow protocols. Preparation must include guidance in PPE requirements and aerosol minimizing techniques prior to these cases. It is, however, challenging to effectively circulate this material and ensure skill competency given the rapidly evolving nature of the pandemic. Additionally, during previous infectious disease outbreaks, self-contamination was found to be a frequent occurrence in PPE doffing.6,7 Interventions such as simulation have been shown to reduce rates of self-contamination.8

Simulation is a rapidly growing and integral component of emergency medicine education. Simulation with deliberate practice, a framework to acquire and maintain expert performance, has been shown to improve skill acquisition.9,10 ED providers are already skilled at intubation techniques. This simulation allows them to minimize automaticity in their actions and gain higher levels of performance in a new working environment with the COVID-19 pandemic.11,12

Just-in-time (JIT) training is a teaching strategy that has been shown to be effective in maintaining critical and complex procedural skills that are infrequently performed.13 It is often in situ given the real-time nature of training. Similarly, incorporating in situ simulation allows for interprofessional team training in an authentic work environment. Deficiencies in the existing system can be identified directly in this setting to better prepare providers for challenges.14 This is a necessary aspect of preparing for the COVID-19 pandemic.

The COVID-19 pandemic represents a challenge to existing educational models due to time constraints, scattered workforce, and continuously evolving knowledge.  This simulation aimed to provide JIT training to adult emergency medicine teams to maximize safety of patients and staff during emergent airway management of suspected COVID-19 patients. 

Methods
Development
This simulation was developed for Adult Emergency Service providers at Michigan Medicine. Prerequisites for participation were general knowledge of PPE and basic airway management principles. Providers were updated on modifications to previous intubation protocols to ensure the safety of healthcare workers and patients in the department. 

Equipment/Environment
This simulation takes place in an ED resuscitation bay with negative pressure ventilation capabilities. The patient was represented by an airway trainer mannequin on a typical ED stretcher. Other essential equipment included airway equipment, video laryngoscopy, and PPE (Table 1).

Personnel
Learners are part of an interprofessional team comprised of two physicians as skilled airway operators, two registered nurses, one respiratory therapist, one runner outside the room responsible for handing supplies into the room, and one trained PPE monitor. 

The patient, represented by an airway trainer mannequin, is a 72-year-old male who is a chronic smoker with history of non-oxygen dependent COPD on Ventolin and Atrovent. He also has a history of hypertension on hydrochlorothiazide and insulin-dependent diabetes mellitus. Patient initially presented to the ED with complaint of fever and cough. He was febrile and hypoxic with SpO2 85% on room air. He was placed on 2L nasal cannula oxygen supplementation and placed on special pathogen isolation precautions due to concern for COVID-19 infection. While in the ED, the patient’s hypoxia worsened, warranting the need for intubation. The patient was then moved to a negative pressure resuscitation bay and placed on 15L of oxygen in preparation for intubation.

Implementation
Implementation of the simulation occurred in situ in the adult ED. While this simulation does not have to be presented in situ and is appropriate for other environments, we chose to provide this training in the department and immediately prior to shift change for several reasons. First, this allowed for coordination with our interprofessional colleagues. Second, this allowed for JIT training immediately prior to clinical shifts where the skills and techniques acquired could be used in practice.

Prior to the start of the simulation, learners were familiarized with the airway algorithm for COVID-19 suspected patients that would be used during the simulation.15 The algorithm defines critical actions that include proper donning and doffing of PPE and intubation techniques to minimize aerosolization of viral particles. Questions regarding this protocol were addressed and answered. Learners then assembled outside the resuscitation bay and were introduced to the simulation patient. 

The airway operator was expected to act as the team leader. Prior to entering the room, the team was expected to have a discussion on the plan for airway management, including pre-oxygenation strategies, intubation equipment and backup plans, and medications. Team roles were delineated. PPE was donned in the appropriate fashion with the trained PPE monitor present to assist. Airway equipment, as outlined in Table 1, was provided outside of the resuscitation bay.

Once the team entered the room, intubation techniques to minimize aerosolization were used, including the insertion of a viral filter on the BVM, avoidance of positive pressure ventilation unless life-threatening hypoxia, and rapid sequence intubation. The patient subsequently developed hypotension after intubation and the team was expected to request vasopressors. The runner was expected to pass the medications into the room without contaminating the outside environment.

Following intubation, providers were expected to doff PPE appropriately, with the gown and gloves removed inside the room near the door, goggles and N95 or PAPR just outside the room, and hand hygiene performed between each step.

The simulation case is summarized in Appendix A. A video of our simulation is represented in Appendix B. The duration of the simulation was approximately 30 minutes with 15 minutes for debriefing.
 
Assessment
Learners were evaluated throughout the simulation for performance of critical actions described in our airway algorithm. Evaluation of the simulation occurred via a post-simulation survey. The primary outcome for this intervention was learner comfort in managing AGP in patients with suspected or known diagnosis of COVID-19.  The post-simulation survey data is shown in Appendix C. The study is currently under expedited review for exemption by the University of Michigan Institutional Review Board. 

Debriefing
Debriefing occurred in various ways during and following the simulation. Microdebriefing was performed during the simulation when critical actions were missed. Learners were informed of the absent critical actions and given the opportunity to repeat the specific portions of the simulation to demonstrate their ability to successfully complete the infection control protocols. Debriefing additionally occurred immediately following case conclusion. Learners were given the opportunity to reflect on the case and to voice suggestions on what went well and what could be improved upon. During the post-simulation debrief, critical actions were restated. Learners were encouraged to attend multiple sessions to update their knowledge.

Results
From March 16th to March 31st, 2020, a total of 85 adult emergency medicine physician providers completed the simulation. Additional team members including nurses, technicians, aeromedical transport and respiratory therapists also participated. 

We collected survey data from participants to assess the following: 1) the extent to which in situ simulation has been helpful to understand the management guidelines for an AGP in a suspected COVID-19 patient; 2) the extent to which in situ simulation has been helpful to understand team roles in the management of a COVID-19 patient; and 3) the extent to which in situ simulation has been helpful to better communication and relationships with other team members. 

We received 76 responses from the 85 participants (89% response rate). On a 5-point Likert scale from strongly agree to strongly disagree, 85% of participants strongly agreed that in situ simulation was helpful to understand the management guidelines for an AGP in a suspected COVID-19 patient. When asked the extent to which in situ simulation was helpful to understand team roles in the management of a COVID-19 patient, 87% strongly agreed. And finally, 75% strongly agreed that in situ simulation had been helpful to better communication and relationships with other team members. Appendix C contains all survey results.

Discussion
We implemented an in situ simulation for airway management in anticipation of the COVID-19 pandemic. Our simulation provided a safe, highly relevant, and JIT mechanism for learners to review and practice the newly developed airway algorithm for an AGP in suspected COVID-19 patients. Following participation, learners were more comfortable performing both proper PPE donning/doffing and techniques to minimize aerosolization during endotracheal intubation. Additionally, participants felt that the simulation facilitated improved communication and the development of better professional relationships. 

The decision to implement this curriculum as a JIT training was due to both constraints of limiting gatherings during a pandemic as well as to emphasize team training for those about to acquire the skills. The time pressure associated with in situ simulation and JIT training noted in previous literature were also observed in our simulations.14,16 Given this limitation, our goal was not to attain mastery through one session. Instead, learners were encouraged to attend prior to every shift in order to develop skill mastery over time. Through the use of microdebriefing, learners were given opportunity to correct mistakes in real time. In doing so, learners were able to solidify their knowledge and gain confidence to perform airway management during their shift. Microdebriefing has been noted previously as a successful method to improve patient safety; however, it does not replace the value of traditional debriefing.16

The in situ aspect of the simulation allowed for identification of deficiencies in our clinical environment given the uncertainty and hazards posed by COVID-19 transmission (Patterson). The interprofessional composition of our learners provided opportunities for those working together in the upcoming clinical shift to practice together, providing communication training for what would otherwise be an ad hoc team. 

A limitation of this simulation was the limited resources available to implement the scenario. Due to the COVID-19 pandemic, our simulation center was reduced in its ability to assist. We therefore did not have access to a high-fidelity simulator. This may have led to decreased realism for participants.

Another limitation was that participation in this simulation was voluntary and dependent on those who attended prior to clinical shift. Given the workforce limitations during the COVID-19 pandemic, this restricted our access to those who had the availability and motivation to attend prior to clinical shift. 

Future directions could include video review of performance to identify common knowledge gaps. Repeat iterations of the simulation will likely change in keeping with evolving guidelines and literature regarding COVID-19 transmission. This simulation was intentionally conducted in situ in a busy adult ED to provide training in the clinical environment where it would be utilized. However, as COVID-19 incidence continues to grow, this simulation can be adapted to other healthcare settings such as intensive care units and by other medical specialties that must perform AGP.

This simulation supports the use of JIT training and in situ simulation as valuable methods of building upon existing knowledge. Furthermore, it can provide a framework for other institutions to teach airway management in suspected COVID-19 patients.
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APPENDIX

Appendix A: Simulation Case Summary 

Appendix B: Video of Simulation https://www.youtube.com/watch?v=wbnk5YnalYA

Appendix C: Survey and Results
