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Abstract

Background: Healthcare providers performing aerosol-generating 
procedures like airway management are at the highest risk for con-
tamination with coronavirus disease 2019 (COVID-19). We devel-
oped an in-situ simulation (ISS) airway management training in 
confirmed or suspected COVID-19 patients for emergency and an-
esthesiology staff, evaluated participants’ reactions, and identified 
perceived challenges.

Methods: We used a cross-sectional study design incorporating a 
quantitative questionnaire to describe participants’ reaction to the ISS 
and a qualitative group interview using the plus-delta debriefing mo-
dality to explore participants’ challenges in acquiring the knowledge 
and skills required for each learning objective. Data were analyzed 
using descriptive statistics and deductive content analysis.

Results: Two hundred and ninety-nine healthcare providers partici-
pated in 62 ISS training sessions. Over 90% of our study participants 
agreed or strongly agreed that: they understood the learning objec-
tives; the training material appropriately challenged them; the course 
content was relevant, easy to navigate, and essential; the facilitators’ 
knowledge, teaching, and style were appropriate; the simulation fa-
cilities were suitable; and they had ample opportunities to practice 

the learned skills. The main challenges identified were anticipating 
difficult airways, preparing intubation equipment, minimizing the 
number of personnel inside the room, adhering to the proper doffing 
sequence, preparing needed equipment outside the intubation room, 
speaking up, and ensuring closed-loop communication.

Conclusion: The newly developed ISS training was feasible for busy 
healthcare practitioners to safely perform airway management pro-
cedures for suspected or confirmed COVID-19 patients without af-
fecting bedside care. Anticipation of difficult airways and speaking 
up were the most frequent challenges identified across all specialties 
in this study.

Keywords: Simulation-based education; COVID-19; Airway man-
agement; PPE; Kirkpatrick level 1; Evaluation; Interprofessional 
training; In-situ simulation

Introduction

Coronavirus disease 2019 (COVID-19), the infectious disease 
caused by the novel severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), quickly became a worldwide threat to 
health and, particularly, to the health of healthcare providers. 
In Italy, healthcare professionals comprised 10.7% of the total 
number of cases [1]. In China, healthcare professionals rep-
resented 3.8% of all COVID-19 registered cases by February 
2020, and 14.8% of these suffered severe or critical disease [2]. 
Rare breakthrough infections have been reported even among 
the healthcare providers immunized with the highly efficient 
BNT162b2 messenger RNA vaccine against SARS-CoV-2 
[3]. The primary transmission mode of COVID-19 is via large 
respiratory droplets and direct contact (fomite) transfer. These 
virus-laden droplets have a diameter of more than 5 - 10 µm 
and usually disperse within a 2-m radius when emitted through 
sneezing and coughing by an infected patient. This contrasts 
with airborne transmission, which generally refers to particles 
smaller than 5 µm in diameter [4]. These particles can remain 
in the air for a prolonged period, disperse further by following 
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the airflow, and penetrate standard surgical facemasks.
COVID-19 is currently not considered an airborne patho-

gen by the World Health Organization except in the context of 
aerosol-generating procedures (AGPs) [5]. AGPs are medical 
interventions that can produce virus-laden aerosolized droplet 
nuclei of sizes small enough to be considered airborne (e.g., 
tracheal intubation, non-invasive ventilation, tracheotomy, 
cardiopulmonary resuscitation, manual ventilation before in-
tubation, bronchoscopy, airway suctioning, nebulization, and 
high-flow nasal oxygen) [4]. Airway management is a com-
plicated procedure. Airway management of a critically ill pa-
tient suffering from infectious diseases comes with even more 
difficulties for the involved healthcare personnel. Existing 
literature showed that healthcare workers were at significant 
risk of infection during the SARS epidemic of 2003 [6], with 
tracheal intubation posing the highest risk for viral transmis-
sion [7]. However, the correct use of personal protective equip-
ment (PPE) reduced transmission incidence significantly [8, 
9]. Thus, special PPE donning and doffing procedures and al-
gorithms were recommended for the healthcare practitioners 
performing airway management procedures [10]. Training of 
non-intensive care workers on critical care through healthcare 
courses can be supplied as a short-term education option in 
practice for a national emergency situation that requires im-
mediate reactions in the event of a national emergency [11]. In-
situ simulation (ISS) has been recognized as an essential tool 
for safety preparedness during the COVID-19 pandemic [12, 
13]. To contribute to the COVID-19 prevention among health-
care professionals, we developed a novel ISS. Our goal was to 
train interprofessional adult and pediatric emergency and anes-
thesiology teams at King Fahad Medical City in Saudi Arabia 
in airway management for suspected or confirmed COVID-19 
patients. The purpose of this multi-methods research study 
was to evaluate healthcare providers’ reactions to such train-
ing (Kirkpatrick evaluation level 1) and to identify the chal-
lenges encountered while adapting to the unique requirements 
of airway management in suspected or confirmed COVID-19 
patients.

Materials and Methods

Study design

Following a pragmatic approach, we used a multi-method 
cross-sectional research design incorporating a quantitative 
questionnaire and a qualitative group interview using open-
ended questions [14].

Participants and setting

A total of 299 healthcare providers were enrolled to partici-
pate in 62 ISS training sessions between April 5 and 24, 2020. 
We recruited adult emergency medicine, pediatric emergency 
medicine, and anesthesia departments’ staff to form teams of 
five healthcare professionals for each ISS session. We arranged 
the participants’ selection with the clinical department chair-

persons and immediate supervisors for each discipline to ran-
domly schedule an interprofessional team in each session. The 
team members were physicians, nurses, and respiratory thera-
pists, or anesthesia technologists. The selection of the mem-
bers of each team was decided the day before the ISS training 
session. Those selected were released from their clinical duties 
for the ISS training day. All participants signed an informed 
consent before enrolling in the study. Participation was vol-
untary and did not impact the participants’ job standing in any 
way. Participants had various professional backgrounds and 
had been involved in simulation-based learning activities at 
the Center of Research, Education, Simulation, and Enhanced 
Training (CRESENT); however, most participants were not 
exposed to ISS before this study. The researchers explained to 
participants the purpose of the study, and their participation in 
the study is voluntary and can be terminated at any point. The 
researchers explained to the participants that their decision to 
participate or refusal to participate would not impact their job 
standing in any way. This research was performed following 
the Declaration of Helsinki, and the Ethics Review Committee 
of the King Fahad Medical City in Riyadh, Saudi Arabia ap-
proved the study protocol (No. 20-199 on April 9, 2020).

Simulation scenario

Following the six-step curriculum development approach [15], 
six of the authors (Sabbagh AY, Cluntun A, Azizalrahman A, 
Almarshed A, Alzaid H, and Elmasry SH) developed a simula-
tion curriculum targeting the following competencies: 1) Air-
way management for COVID-19 patients; 2) Infection control 
measures in AGPs for COVID-19 patients; and 3) Multidisci-
plinary teamwork and communication skills. We chose plus-
delta as a debriefing modality to analyze actions as it is simple 
and easy to implement and standardize. This modality allows 
participants to self-reflect on what went well and what needed 
improvement. In our situation, plus-delta is more advanta-
geous because it can help busy healthcare staff to properly uti-
lize the short time they are present there and allow debriefers 
to collect as many points as possible [3, 16-23]. The course’ 
authors designed a standardized format for debriefers when us-
ing plus-delta to guide the discussion toward main objectives 
(Supplementary Material 1, Table S1, www.jocmr.org), and all 
instructors used Flipchart to collect debriefing points and fill 
them in the format immediately after the course. The debrief-
ing guide included five steps: reaction, case description, analy-
sis using plus-delta, summarizing, and report and evaluation 
[24]. The aim of the step, a description of how to conduct it and 
what questions to ask were provided for each step.

Scenario validation and intervention

The simulation case scenario was reviewed and approved by 
the Curriculum Development Department at CRESENT. Be-
tween April 5 and 24, 2020, we conducted 62 1-h ISS sesstions 
to train interprofessional adult emergency, pediatric emer-
gency, and anesthesiology teams in airway management for 
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suspected or confirmed COVID-19 patients at the King Fahad 
Medical City departments. All ISS sessions took place in an 
unoccupied emergency room (ER) in the emergency depart-
ment (ED), the pediatric ED, or an unoccupied operationg 
room (OR) during working hours. The study flow is presented 
in Figure 1.

All participants were encouraged to read pre-course learn-
ing materials 2 h before the ISS. Learning materials were op-
tional refreshers of knowledge about the correct use of PPE 
and included a checklist of tasks for each team member’s role 
(Supplementary Material 2, www.jocmr.org) and a video. The 
15-min video was created at CRESENT and demonstrated ap-
propriate PPE donning and doffing techniques.

Each ISS session started with a 15-min introduction and 
briefing in which the facilitator explained to the participants 
the nature of the simulation-based learning and addressed par-
ticipants’ psychological safety, fictional contract, simulation 
fidelity, and confidentiality issues. The learners were also ori-
ented on the simulation equipment. The facilitator explicitly 
stated the specific learning objectives for each competency. 
After the introduction and briefing, a simulation case scenario 
was conducted for 15 min. This specific length of time was de-
termined based on the expected duration for the selected proce-
dures and to provide learning time in-situ. During this time, the 

participating team practiced airway management of a simulat-
ed COVID-19 patient. Simulation intubation instruments were 
identical to those used in our emergency and anesthesia depart-
ments, except for the N95 masks, replaced by simple surgical 
masks to overcome the shortage during that period. The simu-
lation equipment included the iPad application “Simple Patient 
Monitor” developed by Michael George, Intubating Airman® 
task trainer, simulated PPE powered air-purifying respirator 
(PAPR), yellow gowns, head cover, shoe cover, and protec-
tive eyewear (shield or goggles). The simulation developers 
provided all facilitators with a facilitator guide for the briefing 
to minimize individual variability (Supplementary Material 
3, www.jocmr.org). ISS session facilitators were consultant-
level experts in adult emergency medicine, pediatric emer-
gency medicine, and anesthesia, with formal clinical simula-
tion training. During each debriefing, the facilitator asked the 
participants open-ended questions about the challenges they 
experienced during the simulation, both individually and as in-
terprofessional team members. The facilitator summarized and 
reported the emerging topics linked to each objective from the 
discussion with the participants. The facilitators used the same 
approach for all sessions. After the simulation scenario ended, 
the facilitator followed a debriefing guide using the plus-delta 
approach and a reflection on takeaways points (Supplementary 

Figure 1. Study flow for in-situ simulation to train interprofessional adult emergency, pediatric emergency, and anesthesiology 
teams in airway management for suspected or confirmed COVID-19 patients. COVID-19: coronavirus disease 2019.
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Material 1, www.jocmr.org) to facilitate the debriefing session 
(30 min duration). The participants were given a chance to be 
engaged and self-reflected on the experience in a safe learning 
environment. During each debriefing, the facilitator asked the 
participants open-ended questions about the challenges they 
experienced during the simulation, both individually and as 
interprofessional team members.

Data collection

After participating in the ISS training, each participant com-
pleted an online, self-administered survey focused on three dif-
ferent elements: topic content, delivery, and facilitator evalu-
ation. The survey contained 21 close-ended questions adapted 
from Kirkpatrick’s learner-centered reaction sheet and a free 
narrative space for the participants to write takeaway points to 
see if they had achieved the desired learning outcomes (Sup-
plementary Material 4, www.jocmr.org). The closed-ended 
questions were anchored on a four-point Likert scale ranging 
from 1 - strongly disagree to 4 - strongly agree.

The qualitative data were collected via group interviews 
during the plus-delta debriefing for all the simulation sessions. 
The debriefing facilitator wrote the participants’ answers to the 
open-ended questions on a board during each debriefing, then 
transcribed them verbatim into an Excel file immediately fol-
lowing the debriefing session.

Main outcome measures

We assessed participants’ reaction to the ISS training regarding 
the session’s objectives, materials, content relevance, simula-
tion facilitator’s knowledge, delivery, and style, and program 
and facilities evaluation. We also investigated participants’ 
perceptions regarding the achievement of desired competen-
cies (Kirkpatrick evaluation level 1).

Secondary outcome measures

We explored participants’ challenges - both individually and 
as members of the interprofessional team - in acquiring the 
knowledge and skills required for each learning objective.

Data analysis

We performed a descriptive statistical analysis to describe par-
ticipants’ reactions to the simulation training. All statistical 
analyses were performed using Microsoft Excel (2021). The 
debriefing transcripts of responses to the open-ended ques-
tions were analyzed using deductive qualitative content analy-
sis, drawing on the course objectives as the coding frame. The 
themes for our analysis were preset according to the course 
learning objectives. Several researchers performed individual 
open coding then met to discuss and agree on codes and code 
definitions (analysts triangulation) for credibility. Following 
open coding, similar codes were grouped into categories and 
subcategories. Each category was fitted into the corresponding 
theme. To ensure the confirmability of the findings, categories 
and subcategories were revised and discussed with Rosu CA, 
who has extensive experience in qualitative research (peer de-
briefing).

Results

Statistical analysis

A total of 62 ISS sessions were conducted: 15 for pediatric 
emergency teams, 20 for adult emergency teams, and 27 for 
anesthesia teams, respectively. Two hundred seventy-eight re-
sponses were collected from 299 participants (100% response 
rate from adult and pediatric emergency and 91.7% response 
rate from anesthesia participants). The description of our 
teams’ demographic characteristics is presented in Table 1.

Participants’ reaction to the simulation training

Over 90% of the participants in our study agreed or strongly 
agreed that they understood and could relate each learning ob-
jective to the achieved learning and were appropriately chal-
lenged by the training material (Table 2). Similar percentages 
agreed or strongly agreed that course materials were easy to 
navigate and essential for the procedure’s safe practice, and 
the content was relevant. Facilitators’ knowledge, teaching, 
and style were deemed appropriate by more than 90% of the 

Table 1.  Teams’ Characteristics

Participants Pediatric, N (%) Adult, N (%) Anesthesia, N (%) Total, N (%)
Total participants 71 99 129 299
Consultants 9 20 37 170
Physician specialists 12 3 34 49
Fellows 14 - - 14
Residents 0 16 25 41
Nurses 30 40 - 70
Anesthesia technologist - - 33 33
Respiratory therapists 6 20 - 26
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trainees. Similar percentages of study participants agreed or 
strongly agreed that they were given ample opportunity to 
practice the skills they learned and that the simulation facili-
ties were suitable for such training.

Content analysis

Airway management challenges identified by the participants

Sixty-two Excel data files with the transcripts gathered from 
62 simulations were analyzed. The absolute frequencies of the 
codes for each theme are presented in Table 3. The qualitative 

analysis identified themes and sub-themes common across the 
three specialties: pediatric emergency, adult emergency, and 
anesthesia for the three main learning competencies.

Regarding the airway management competency, the panel 
identified six categories (anticipation, preparation, pre-oxy-
genation, protection, placement, and post-intubation manage-
ment) and 14 sub-themes. For the second competency - in-
fection control measures - seven themes (equipment, crowd 
control, COVID-19 protection, donning, doffing, PPE, and 
room ventilation) and 12 sub-themes were described. Lastly, 
nine themes (clear orders, speaking up, role assignment, shared 
mental model, communication, mutual respect, leadership, an-
ticipation, and situation awareness) and nine sub-themes were 
developed for the team dynamic. Each facilitator summarized 

Table 2.  Participants’ Satisfaction With the Session’s Objectives, Materials, Content Relevance, and Facilitator’s Knowledge, De-
livery, and Style

In-situ simulation session item Agree, N (%) Strongly agree, N (%)
Program objectives
  I understood the learning objectives. 40 (14.39%) 235 (84.53%)
  I was able to relate each of the learning objectives to the learning I achieved. 45 (16.19%) 230 (82.73%)
  I was appropriately challenged by the material. 50 (17.99%) 225 (80.94%)
Course materials
  I found the course materials easy to navigate. 65 (23.38%) 205 (73.74%)
  I felt that the course materials will be essential for my success. 64 (23.02%) 208 (74.82%)
Content relevance
  I will be able to immediately apply what I learned. 59 (21.22%) 216 (77.70%)
Facilitator knowledge
  My learning was enhanced by the knowledge of the facilitator. 42 (15.11%) 232 (83.45%)
  My learning was enhanced by the experiences shared by the facilitator. 40 (14.39%) 234 (84.17%)
Facilitator delivery
  I was well engaged during the session. 43 (15.47%) 232 (83.45%)
  It was easy for me to get actively involved during the session. 45 (16.19%) 230 (82.73%)
  I was comfortable with the pace of the program. 47 (16.91%) 228 (82.01%)
  I was comfortable with the duration of the session. 47 (16.91%) 227 (81.65%)
Facilitator style
  I was engaged during the session. 42 (17.52%) 234 (84.17%)
  I was given ample opportunity to get answers to my questions. 39 (14.03%) 236 (84.89%)
  I was given ample opportunity to practice the skills I am asked to learn. 39 (14.03%) 236 (84.89%)
Program evaluation
  I was given ample opportunity to demonstrate my knowledge. 44 (15.83%) 231 (83.09%)
  I was given ample opportunity to demonstrate my skills. 43 (15.47%) 232 (83.45%)
Pre-course reading and video
  It was helpful to review knowledge and skills related to the simulation objectives. 51 (18.35%) 219 (78.78%)
Facility
  I found the room atmosphere to be comfortable. 62 (22.30%) 209 (75.18%)
  I was pleased with the room set-up. 67 (24.10%) 205 (73.74%)
  I experienced minimal distraction during the session. 67 (24.10%) 203 (73.02%)
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an average of nine challenges per session documented on the 
board during the debriefing as delta (areas needing improve-
ment). Table 4 presents the top three challenges encountered 
during the ISS training by specialty.

Discussion

We developed and implemented a novel ISS to train interprofes-
sional adult emergency, pediatric emergency, and anesthesiol-
ogy teams in airway management for suspected or confirmed 
COVID-19 patients. We verified that most of the participants 
in these simulations found these efforts useful for their daily 
practice. We also identified specific challenges for the clini-
cal practice and areas for which the intervention might protect 
healthcare providers and increase the safety of performing air-
way management procedures [14]. Our study offers an ISS cur-
riculum that is feasible and can provide learning opportunities 
in a safe, simulated environment in the clinical area and can 
be replicated as deliberate practice. It helped explore possible 
challenges of both individual and system that help plan and 
prepare patients’ unexpected patterns related to the COVID-19 
pandemic [25]. Hospital staff training was identified among the 
priorities during the COVID-19 pandemic [26]. Several studies 
utilized ISS to enhance hospital preparedness for the expected 
surge of COVID-19 patients. These studies identified and tested 
the readiness of the hospitals for the potential threats and risks 
imposed by COVID-19 and uncovered areas for improvement 
and timely staff training in the workplace [27-30].

Furthermore, the literature reports the advantages of ISS 
training for airway management of COVID-19 patients con-
ducted for interprofessional teams training in EDs, critical 

care units, and operating rooms [31-34]. Our results are con-
sistent with previous reports and support the benefits of ISS 
with interprofessional teams training for airway management 
in the pediatric emergency, adult emergency, and anesthesiol-
ogy departments [12, 26, 28, 35]. In general, airway manage-
ment is a complicated procedure that requires a combination 
of healthcare providers’ knowledge, skills, and behaviors. 
Simulation-based airway management training is superior to 
non-simulation intervention to achieve desired educational 
outcomes [36]. Simulation-based training conducted in real 
clinical environments using the available equipment and 
resources and involving actual healthcare teams offers ex-
periential learning that promotes safety and enhanced team 
communication [29, 34]. ISS is more feasible for healthcare 
professionals in scheduling and availability without taking 
staff away from their clinical work and settings. In previous 
applications, ISS accelerated the development of skills and 
agility [29, 33, 37]. Similarly, in our study, participants in dif-
ferent clinical areas (pediatric ED and adult ED and ORs) re-
ported that they felt prepared to care for COVID-19 patients’ 
airways while working in interprofessional teams utilizing ap-
propriate infection control measures.

Other studies utilizing simulation-based training revealed 
significant latent risks and provided recommendations and cor-
rections in the systems to respond to airway management for 
COVID-19 patients and infection prevention measures [29]. 
The use of ISS helped develop workable guidelines and visual 
aids that enhanced infection control measures implementation 
[31]. Using frequent ISS in the OR in preparation for surgical 
management of COVID-19 patients allowed the identification 
of potential threats and needed logistics for the work processes 
[38]. A study utilizing ISS to evaluate the readiness of intesive 

Table 4.  Top Three Challenges Encountered During the In-Situ Simulation Training by Specialty

Pediatric emergency Adult emergency Anesthesia

Airway management Anticipation of difficult airway Preparation of intubation equipment Anticipation of difficult airway
Assignment of the most expert 
provider to perform intubation

Using non-rebreathing mask/
using high flow nasal cannula/
avoidance non-invasive ventilation

Closure of the suction system

Use of video laryngoscopy Anticipation of difficult airway Administration of low flow 
O2 in case desaturation with 
minimal pressure < 20 mm Hg

Infection control Minimization of the total number 
of personnel inside the room

Adherence to the proper 
sequence of doffing

Preparation of all needed equipment 
outside the intubation room

Prioritization of healthcare 
workers safety

Avoidance of incomplete donning 
or doffing of the PPE

Attachment of a viral filter

Adherence to the proper 
sequence of donning

Consideration of using plastic cover for 
the pediatric or plastic box for adult

Following CDC/institutional guidelines 
in aerosol-generating procedure

Team dynamic Speaking up Assure closed-loop communication Speaking up
Assignment of the team 
and clarity of roles

Speaking up Assignment of the team 
and clarity of roles

Loudness and clarity of 
the team leader voice

Synchronous communication 
between the team leader and team

Loudness and clarity of 
the team leader voice

CDC: Centers for Disease Control and Prevention; PPE: personal protective equipment.
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care unit (ICU) staff for COVID-19 patients identified defi-
ciencies in ICU isolation rooms’ operation. These findings led 
to corrective actions to be taken before their first COVID-19 
patient admission [31]. A similar study that utilized multidis-
ciplinary ISS to understand preparation requirements for an 
outbreak and to assess the status quo before implementing 
adjustments resulted in mindful planning and resource alloca-
tion. The interdepartmental ISS training opportunities helped 
identify system issues and safety hazards in acute care settings 
[32].

Debriefing after the ISS was also one of the leading re-
sources to identify safety threats. Most of the participants 
reported that they felt more prepared to provide care for 
COVID-19 patients [29]. Efforts were made to explore us-
ing simulation-based disaster exercises to test planned proto-
cols for suspected COVID-19 patients in Saudi Arabia [30]. 
Mock codes conducted in the ED allowed early identification 
of defects related to preparedness and increased staff confi-
dence in dealing with COVID-19 patients [39]. At our medi-
cal center, we explored individual, team, and system-related 
challenges experienced during ISS for airway management for 
COVID-19 patients. Multiple challenges emerged using the 
plus-delta debriefing method and were grouped into themes 
with corresponding categories and subcategories. Anticipating 
difficult airways and speaking up were the two most common 
ones across all the specialties included in our study.

Safe and secure airway management can be challenging in 
the OR, extending even postoperative. What’s more, failed in-
tubation remains a significant cause of morbidity and mortality. 
Previously published literature identified anticipating the pos-
sibility of difficult airway preoperatively and modifying the air-
way management appropriately as a challenge for all the team 
members involved in the care of such patients [40, 41]. The par-
ticipants in our study voiced similar concerns. These concerns 
were discussed in the debriefing in each ISS. The simulated 
experience helped the participants recognize various possible 
challenges in airway management and the need for a compre-
hensive action plan in preparation for possible challenges.

Speaking up is essential in multidisciplinary care teams, 
particularly in the OR, where patient safety can be in immedi-
ate danger. In recent years, simulation has been used to ex-
amine this concept in the OR [42-44]. Hierarchy gradients, 
organizational culture, and education were the most frequent 
factors affecting one’s ability to speak up and effectively chal-
lenge authority. Additionally, leader inclusiveness and creating 
a psychologically safe environment were found to help team 
members to overcome professional status differences and fos-
ter collaboration [45, 46]. We, too, found speaking up to be 
one of the two most frequent challenges across all the medical 
specialties included in the study. Explaining the causes of this 
finding was beyond the scope of the present study, but it might 
be due to individual, situational, or interpersonal and cultural 
factors.

Limitations

Our study has several limitations. We used a convenience sam-
ple not to interrupt the staff’s workflow in their specific de-

partments. Thus, we may not have captured the whole range 
of reactions to our education intervention. We cannot estimate 
the magnitude of the sampling error since we performed only 
descriptive statistical analyses. To mitigate the inherent bias 
in self-reporting data, we collected and analyzed quantita-
tive and qualitative data. In addition, we are unsure when and 
how many times the participants watched the training video; 
thus, we cannot eliminate exposure bias. Furthermore, our ISS 
was employed for adult and pediatric emergency medicine 
and anesthesiology staff; more research is necessary to assess 
the replicability of our findings beyond our context. What’s 
more, while knowing how well a training program is received 
(Kirkpatrick level 1) is essential, future evaluations to assess 
participants’ acquisition of the required knowledge and skills 
and to what extent this training is beneficial to our medical 
center (Kirkpatrick levels 2 and 3) are necessary to enhance 
and maintain our newly developed simulation curriculum.

Conclusions

The newly developed ISS training was feasible to train adult 
and pediatric emergency and anesthesiology healthcare practi-
tioners to safely perform airway management procedures for 
suspected or confirmed COVID-19 patients without affecting 
the clinical care at the bedside. “Anticipation of difficult air-
ways” and “speaking up” were the most frequent among the 
challenges we identified and were shared across all specialties 
included in this study.

Supplementary Material

Suppl 1. Learning materials: checklist of tasks for each team 
member’s role.
Suppl 2. Facilitator guide for briefing.
Suppl 3. Debriefing guide for the facilitator (instructor).
Suppl 4. Kirkpatrick’s learner-centered reaction sheet.
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