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Abstract

Introduction: In aviation, crew resource management trainings are established methods to enhance safety, a method
that also gained popularity in medicine. In 2015, the Swiss Air Rescue (Rega) Helicopter Emergency Medical
Services decided to start a simulation-based medical education program for its helicopter and ambulance jet crews
(emergency physicians, paramedics/flight nurses and pilots). The aim of this program was to improve technical skills
and the application of human factors during rescue missions. This report shows a five-year summary of the
participants’ course evaluation.
 
Methods: A 1-day high-fidelity simulation on crisis resource management with video-assisted debriefing took place
at 3 centres, two in Switzerland; one in Germany. Crew members participated once per year. Simulation covered
critical situations in the helicopter or jet, during handovers at an intensive care unit or in ambulances. Extra
Corporeal Membrane Oxygenation and Intra-Aortic Balloon Pump use was simulated during helicopter transports.
Additionally, four times per year flight crews rehearsed basic and advanced life support skills using low-fidelity
equipment between missions. Participants answered an anonymized course evaluation survey. Answers were rated on
a Numeric Rating Scale ranging from 1=no agreement to 5=total agreement.
 
Results: 329 participated and answered the questionnaire; 50% were emergency physicians, 40% paramedics, 9%
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flight nurses, and 1% pilots. Participants agreed that the course taught competencies that were useful for their
clinical practice. However, confidence to apply Extra Corporeal Membrane Oxygenation or Intra-Aortic Balloon
Pump skills was significantly lower compared to other emergency competencies. Instructors were rated as
experienced, engaged and motivated, as well as responsive to course participants. 
 
Conclusions: This simulation-based medical education program, with the goal to increase patient’s safety and
outcome,was launched successfully. Participants especially valued the time to reflect on clinical performance as well
as on crew interaction and ways to apply human factors to improve their team performance and task management.
 

Keywords: simulation; Emergency Medical Services; non-technical skills; human factors; simulation-based medical
education

Introduction

Health care professionals benefit from simulation-based medical education (McLaughlin et al., 2008). Simulation-
based medical education uses environments and scenarios that mimic the real-life clinical situations and experiences
as realistically as possible (Cheng et al., 2007). Simulation-based medical education allows acquisition of knowledge,
and training of technical and dynamically evolving procedural skills, invasive interventions or handling of complex
interactions in high-hazard environments without real patient interaction (Gaba, 2004). Therefore, simulation-based
medical education allows health care professionals to apply technical and non-technical skills without putting
themselves and patients at risk (Cheng et al., 2007; Dotson et al., 2018). Additionally, the main purpose of applying
simulation-based medical education is the proper handling of human factors during crisis situations. Studies have
shown improvements of non-technical skills due to simulation-based medical education (McCulloch et al., 2009).
Other studies have shown poor human factors application during medical care affect patient management and
outcome (Mishra et al., 2008; Gjeraa et al., 2016).
 
In 2011 McGaghie et al. demonstrated in a meta-analysis the superiority of simulation-based medical education over
the traditional clinical education (McGaghie et al., 2011). The majority of published simulation studies involved to
some extent team-training (Weaver, Dy and Rosen, 2014). Another Swiss simulation program for Helicopter
Emergency Medical Services staff, with a main focus on mountain rescue, showed that simulation-based education
subjectively improved participants' human factor skills application (Pietsch et al., 2016). Helicopter Emergency
Medical Services crews’ simulation in Norway included non-technical skills, like decision-making, leadership,
communication, situational awareness, teamwork, but also management of stress and coping with
fatigue (Rasmussen et al., 2019). Teamwork in a highly demanding emergency medicine setting often involves rapid
spontaneous team formation, as individual specialists are often unfamiliar with one another and have limited
experience in working together as a team of professionals (Weaver, Dy and Rosen, 2014).
 
The Swiss Air Rescue (Rega), the biggest Helicopter Emergency Medical Service in Switzerland, has 18 helicopters
and 3 ambulance jets on 12 helicopter bases as well as the airport in Zürich. It is a non-profit organization that has
performed, in 2019 alone, 16’782 missions (Swiss Air Rescue, Rega, 2020a). Helicopter crews consist of an
emergency physician, a paramedic and a pilot; while ambulance jet crews include an emergency physician, an
intensive care nurse and two jet pilots (Swiss Air Rescue, Rega, 2020b).
 
This paper reports the setup of a simulation-based medical education program for an internationally operating air-
borne Emergency Medical Service, a description of the simulation cases used for this program, and the result of the
evaluation survey completed by all participants between 2015 and 2019.
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Methods

This project, being purely observational, does not fall under the Swiss Human Research Act as declared by the Bern
Cantonal Ethics Committee, in Bern, Switzerland (Req-217-00180; 16.03.2017). The survey was performed between
2015 and 2019 at the Department of Anaesthesiology and Pain Medicine, at Bern University Hospital, Switzerland.
 
All crew members (emergency physicians, paramedics, flight nurses and pilots) of the Swiss Air Rescue (Rega) were
invited to take part in this mandatory simulation program at least once per year. All participants of this Rega
simulation program took part in the survey directly after the completion of their respective simulation. Participants
provided written informed consent to the publication of this data. 
 
The Rega simulation-based medical education program
This simulation program was organized at 3 different centres: (i) Bern Simulation- and CPR Centre (BeSiC) at the
Bern University Hospital, Switzerland; (ii) Swiss Institute for Emergency Medicine (SIRMED ) in Nottwil,
Switzerland; and (iii) the Maquet Extra Corporeal Membrane Oxygenation (ECMO) and Intra-Aortic Balloon Pump
(IABP) training centre in Rastatt, Germany. 
 
The two Swiss simulation centres offered a 1-day crisis resource management simulation using high-fidelity
simulation manikins. It was followed by a video-assisted debriefing led by experienced, trained and certified
simulation instructors. The goal was to help enable deeper reflexive learning that results in an action plan leading to
improved future crew performance. Crisis resource management includes among others: knowing your environment;
anticipation, sharing and review of a plan; clear leadership and role clarity; effective communication; calling for help
early; considerate allocation of equipment and personnel; avoidance of fixation errors; distribution of workload and
support of the team (Carne, Kennedy and Gray, 2012). The simulation focused on highly complex medical
emergency situations happening during an air rescue, during a hand-over from paramedics or during a hand-over
while transferring a patient between hospitals. The aim of this simulation program was to reflect on the influence of
human factors on individual and team performance during life-threatening medical emergencies. This program
focused on individuals’ communication structure, team leadership and team membership, as well as concise dynamic
decision-making skills and situational awareness under time pressure and stress.
 
The 1-day simulation-based medical education curricula consisted of a half-day full-scale simulation and a half-day
of skills tutorials. Skills tutorials composed of thoracic drainage insertion on pig hemi-thoraces, intraosseous access
on pig and training bones, and emergency front of neck access on pig larynges covered with pig skin. There was also
the opportunity to practice ventilation strategies on a specific simulator (TestChest; Organis, Landquart, Switzerland)
connected to the transportable ventilator of the respective emergency team. 
 
After familiarization with the equipment and the full-scale simulator manikin, Rega teams were immersed in
emergency scenarios. For example, one scenario was an urgent patient transfer request from an intensive care unit to
a higher-level hospital. In the radio-report the patient was stable, however, when the crews entered the simulation
scenario, the patient showed signs of an active internal bleeding and was unstable. The learning goal was to
effectively communicate during the emergency handover; specifically, to identify the instability and request for
urgent surgical stabilisation before transfer. 
 
Another example was a pre-hospital scenario, the helicopter crew was ordered to rescue a patient who fell off a
scaffolding. On arrival at the scene, parts of the scaffolding were on the ground. The patient’s trachea had already
been intubated by an ambulance crew just prior to the arrival of the Rega crew. During handover, the paramedic of
the ambulance crew claimed that he had intubated the patient correctly, but that the end-tidal carbon dioxide probe
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was not working. The first objective of this scenario was to identify the need for safety first in a potentially unsafe
environment. The second objective was to quickly detect the oesophageal intubation, correct the mistake while
applying cervical spine protection but also making sure to receive handover from the first crew.
 
In the German ECMO and IABP training centre, a 1-day simulation of critical incidents in ECMO and IABP use
during a helicopter transport mission was offered.
 
In addition to the high-fidelity simulations, all participants of the simulation program were encouraged to rehearse
and practise knowledge and skills of basic and advanced life support at least four times per year at their helicopter
bases between missions. For this, low-fidelity equipment and manikins were used. These on-site practise
rehearsals gave the local teams the chance to apply learned competencies on pre-defined standardized clinical
situations (Miller et al., 2016). These 30-min rehearsals were designed to fit into short time slots between outreach
missions.
 
Measurements
Participants were asked to provide the following information at the end of the simulation: setting of simulation
(helicopter, ambulance jet, ECMO/IABP), profession (emergency physician, paramedic, flight nurse, pilot), primary
base (helicopter mountain or midland base, ambulance jet base), and centre (BeSiC, Sirmed, Maquet).
 
Participants were asked to rate the following course parameters on a Numeric Rating Scale ranging from 1=no
agreement to 5=total agreement: subjective impression of the course; the course content was hands-on; "I am
confident to use the course content if necessary"; if they would recommend the course to others; expertise,
engagement, and motivation of instructors; ability of instructors to be responsive to course participants; general
mood of the group; course organization as expected; quality of educational materials, infrastructure and ambiance;
as well as the course content (simulation sessions and skills trainings). 
 
Statistics
The convenience sample consists of all participants of this Rega simulation program between 2015 and 2019. Due to
the exploratory character of this study no sample size calculation was performed.
 
Stata version 16.0 (StataCorp LT, Texas, USA) was used for statistical analysis. Descriptive statistics was used to
summarize the answers from the course evaluation. Kruskal-Wallis test compared the answers from the
questionnaire between the different test settings (helicopter, jet, ECMO/IABP). Mann-Whitney-U test was used for
post-hoc pairwise comparison. Data are presented as number (percentage) or mean ± standard deviation. A p-value
of < 0.05 was considered statistically significant.

Results/Analysis

All 329 Rega simulation participants returned the survey and were included in this report. Three different simulation
settings were included: helicopter simulation 239 (73%) participants, ambulance jet simulation 55 (23%)
participants, and ECMO/IABP simulation 35 (15%) participants.
 
Participants’ professions were: 165 (50%) emergency physicians, 131 (40%) paramedics, 31 (9%) flight nurses, and
2 (1%) pilots. One hundred thirty-seven (42%) participants reported to be primarily based at a helicopter mountain
base, 109 (33%) at a helicopter midland base and 27 (8%) at an ambulance jet base. 
 
The simulations took place at the Bern Simulation and CPR-Centre for 228 (69%) participants, for 66 (20%) at the
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Sirmed educational centre and for 35 (11%) at the Maquet training centre.
 
Table 1 shows the answers to the course evaluation questionnaire. All evaluation questions except one were rated
comparably between training centres (Table 1). Participants of the ECMO/IABP simulation rated the answer to the
statement: "I am confident to use the course content if necessary" significantly lower compared to both helicopter
and jet crews (both p < 0.001).
 
All skills training sessions were rated higher in the jet group than in both other groups (all p-values in post-hoc
analysis < 0.01).
 
Table 1: Answers to the course evaluation

Parameter helicopter
n=239

ambulance jet
n=55

ECMO/IABP
n= 35

p-value

Overall     
Personal impression of the
course

4.8 ± 0.4 4.9 +/- 0.3 4.9 +/- 0.3 0.177

The course content was hands-
on

4.8 ± 0.4 4.9 +/- 0.3 4.8 +/- 0.5 0.300

I am confident to use the
course content if necessary

4.6 ± 0.5 4.7 +/- 0.4 3.8 +/- 0.7 < 0.001A

I recommend the course to
other health care professionals

4.8 ± 0.4 5.0 +/- 0.2 4.8 +/- 0.2 0.068

     
Rating of instructors’     
expertise 4.9 ± 0.3 5.0 ± 0.0 4.9 ± 0.4 0.501
engagement and motivation 4.9 ± 0.2 5.0 ± 0.2 4.9 ± 0.2 0.854
ability to be responsive to
course participants

4.8 ± 0.4 5.0 ± 0.1 4.9 ± 0.3 0.179

General mood of the group 4.8 ± 0.4 5.0 ± 0.0 4.9 ± 0.4 0.194
     
Course organisation     
The organisation corresponded
to my expectations.

4.8 ± 0.4 4.9 ± 0.2 4.9 ± 0.4 0.204

Quality of educational
material

4.7 ± 0.5 4.9 ± 0.3 4.8 ± 0.6 0.170

Infrastructure and ambiance 4.8 ± 0.4 4.9 ± 0.4 5.0 ± 0.0 0.053
     
Course content     
Simulation session 1 4.6 ± 0.5 4.8 ± 0.5 4.8 ± 0.5 0.170
Simulation session 2 4.7 ± 0.5 4.9 ± 0.4 4.8 ± 0.5 0.041
Simulation session 3 4.8 ± 0.4 4.9 ± 0.3 4.2 ± 0.7 < 0.001B

Skills training 1 4.5 ± 0.6 4.8 ± 0.4 3.4 ± 1.1 < 0.001C

Skills training 2 4.4 ± 0.7 4.8 ± 0.4 4.4 ± 0.7    0.008D

Numeric Rating Scale (NRS 1-5; 1=no agreement; 5=total agreement).
Data are mean ± standard deviation.
Extra Corporeal Membrane Oxygenation (ECMO), Intra-Aortic Balloon Pump (IABP).
Apost-hoc analysis revealed significant differences between helicopter and ECMO/IABP and between ambulance jet
and ECMO/IABP (all p < 0.01), no correction factor applied.
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Bpost-hoc analysis revealed significant differences between helicopter and ambulance jet, between helicopter and
ECMO/IABP and between ambulance jet and ECMO/IABP (all p < 0.01), no correction factor applied.
Cpost-hoc analysis revealed significant differences between helicopter and ambulance jet, between helicopter and
ECMO/IABP and between ambulance jet and ECMO/IABP (all p < 0.01), no correction factor applied.
Dpost-hoc analysis revealed significant differences between helicopter and ambulance jet, and between ambulance jet
and ECMO/IABP (all p < 0.01), no correction factor applied.

Discussion

This paper reports the development of a simulation-based medical education program for the Swiss Air Rescue
(Rega) and a five-year summary of the participants’ course evaluation. The curriculum was well received and rated as
highly applicable to the clinical practice of the helicopter rescue as well as for the ambulance jet crews. The high-
fidelity simulation as well as the hands-on skills tutorials were rated as highly positive and the instructors of the
teaching centres were found to be engaged, motivated and competent. All participants stated they would recommend
the program to their colleagues. In the ECMO/IABP setting, the data showed participants were less confident to use
the course content than in any other settings. 

All participants agreed that the simulation-based medical curriculum was useful for their clinical practice. These
findings are consistent with other studies who found mostly positive reactions to team-training interventions, which
showed over 80% positive rating on the practical application of their simulation experience (Weaver, Dy and Rosen,
2014). Reid et al. reported a comparable rate of agreement that the simulation training was relevant to their
participant’s work (Reid et al., 2012).

The Rega simulation participants rated their self-efficacy in being confident to use the learned competencies in daily
rescue missions as high, however, participants from ECMO/IABP training rated it significantly lower than
participants from the helicopter and ambulance jet simulations. Another study reported a significant increase in self-
efficacy taken immediately after the team training and taken three months later (Weaver, Dy and Rosen, 2014). The
possible contributing factors for a comparatively lower rating in the ECMO/IABP group may be in the unfamiliarity
with the devices used, or that such ECMO/IABP transports are rarely necessary. Therefore, physicians and
paramedics would not have been used to troubleshooting these devices, hence they may have felt overall reluctance.
In real life situations usually a perfusion specialist from the local ECMO centre would have accompanied the
ECMO/IABP transport. Doing this survey, identified this issue and the ECMO/IABP simulation was improved by
adding such perfusion specialists for the future.

Participants of another simulation-based mountain Helicopter Emergency Medical Services educational program
reported a subjective increase in the participants’ structured decision-making skills and increased certainty in
professionally managing emergency situations (Pietsch et al., 2016). However, it should be noted that this simulation
program taught a lot about technical skills, whereas in the Rega simulation curriculum, the focus was on crisis
resource management, and included mountain and midland helicopter bases crews, as well as the ambulance
jet crews. 

In many situations, cost-effectiveness may be the limitation to simulation trainings. However, in 2018 Dotson et al.
showed that the average cost per participant was lower in a group of nurses/paramedics trained with simulation,
compared to without (Dotson et al., 2018). Although this difference was not significant, the report shows that
simulation programs might have a role in saving money in the long run when training airborne Emergency Medical
Services crew members.
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A narrative synthesis revealed that team-training enhanced positive attitudes and teamwork, as well as improve
clinical knowledge of participants which led to better clinical care and patient outcomes (Weaver, Dy and Rosen,
2014). Patterson et al. showed that simulation-based training improved patient safety in paediatric emergency
departments (Patterson et al., 2013). Most randomized controlled trials in simulation research assess the educational
intervention rather than the patient outcome (Chauvin et al., 2018), the assumption is that the positive effect of
simulation on team performance benefits patient care and ultimately will benefit patient outcome. This needs to be
further investigated in future studies.

One limitation in the Rega simulation program is that it was only offered to the crew members of the Swiss Air
Rescue (Rega) in Switzerland. Other Emergency Medical Services organization members or organizations in
different countries might obtain different results. Also, this report only showed the results of a subjective course
evaluation by course participants. Future investigations need to establish evidence to verify whether such a
simulation program has an effect on patient outcome.

Another limitation is in the lack of demographic data from the course participants. The survey was kept anonymous
to ensure high return rate, and to guarantee absolute privacy for teams working closely together.

On the other hand, a strength to this study is in the 100% return rate of the course evaluation forms, as well as in
combining different educational approaches like high-fidelity crisis resource management simulation with low-
fidelity skills training. Educational variety engages adult learners better and improves learning outcomes (Miller et
al., 2016).

Conclusion

In conclusion, the implementation of the mandatory simulation-based medical education program of the Swiss Air
Rescue (Rega) was highly valued by over 300 participants (emergency physicians, paramedics, flight nurses, pilots)
from the helicopter and ambulance jet crews. Participants of the simulation program valued its benefits and its
relevance to their clinical practice; and rated the course organizers’ and instructors’ competencies highly. Further
investigation is needed to validate whether human factor education in Emergency Medical Services teams enhances
patient outcome.

Take Home Messages

This report shows the successful launch of a simulation-based medical education program for helicopter and
ambulance jet crews.
Participants valued the time to reflect on clinical performance, on crew interaction and ways to apply human
factors to improve their team performance and task management.
Further investigation is needed to validate whether human factor education in Emergency Medical Services
teams enhances patient outcome.
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