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Abstract

Background: The aim of this trial was to compare a video- and a simulation-based teaching method to the
conventional lecture-based method, hypothesizing that the video- and simulation-based teaching methods would
lead to improved recognition of breathing patterns during cardiac arrest.

Methods: In this Danish, investigator-initiated, stratified, randomised controlled trial, adult laypersons (university
students, military conscripts and elderly retirees) participating in European Resuscitation Council Basic Life Support
courses were randomised to receive teaching on how to recognise breathing patterns using a lecture- (usual
practice), a video-, or a simulation-based teaching method. The primary outcome was recognition of breathing
patterns in nine videos of actors simulating normal breathing, no breathing, and agonal breathing (three of each).
We analysed outcomes using logistic regression models and present results as odds ratios (ORs) with 95%
confidence intervals (CIs) and P-values from likelihood ratio tests.

Results: One hundred fifty-three participants were included in the analyses from February 2, 2018 through May 21,
2019 and recognition of breathing patterns was statistically significantly different between the teaching methods
(P = 0.013). Compared to lecture-based teaching (83% correct answers), both video- (90% correct answers; OR 1.77,
95% CI: 1.19–2.64) and simulation-based teaching (88% correct answers; OR 1.48; 95% CI: 1.01–2.17) led to
significantly more correct answers. Video-based teaching was not statistically significantly different compared to
simulation-based teaching (OR 1.20; 95% CI: 0.78–1.83).

Conclusion: Video- and simulation-based teaching methods led to improved recognition of breathing patterns
among laypersons participating in adult Basic Life Support courses compared to the conventional lecture-based
teaching method.

Keywords: Agonal breathing, Abnormal breathing, Gasping, Breathing patterns, Breathing assessment, Cardiac
arrest, Simulation, Randomised controlled trial, Education, Basic life support
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Introduction
Agonal breaths are irregular and slow rasping respira-
tions, frequently with a characteristic snoring sound as if
the patient is gasping for air [1]. It is present in approxi-
mately 40 to 60% of victims during the first minutes of
cardiac arrest [2–4]. The importance of early recognition
of agonal breathing in out-of-hospital-cardiac-arrest
(OHCA) has been emphasised in international guidelines
during the past 15 years [5–8] due to increased survival
rates if responded to as a sign of cardiac arrest [2, 9–16].
However, recognition of agonal breathing is difficult and
frequently delays recognition of cardiac arrest [13, 17–
25]. Teaching laypersons how to recognise agonal
breathing is challenging [26]. Even trained laypersons
certified as European Resuscitation Council (ERC) Basic
Life Support (BLS) instructors only recognise agonal
breathing in 61% of cases [26]. The development of
more effective methods for teaching laypersons how to
recognise agonal breathing thus has the potential to im-
prove outcomes in patients with cardiac arrest initially
presenting with agonal breathing.
The aim of this randomised controlled trial was to

compare a video- and a simulation-based teaching
method to the conventional lecture-based teaching
method in ERC BLS courses on laypersons recognition
of breathing patterns. We hypothesized that video- and
simulation-based teaching methods would lead to im-
proved recognition of breathing patterns.

Materials and methods
Trial design and oversight
We conducted a Danish, investigator-initiated, stratified,
randomised controlled trial comparing two new teaching
methods (video- and simulation-based) with the conven-
tional lecture-based method on adult BLS course partici-
pants’ ability to recognise different breathing patterns.
Participants and investigators were not blinded, except
for the trial statistician (AKE) who conducted the pre-
planned analyses blinded to the intervention groups.
Participants were randomly assigned to the three

groups in a 1:1:1-ratio using computer-generated ran-
dom allocation sequences with permuted blocks of vary-
ing sizes (three and six) stratified by participant type (see
section Participants) [27]. Allocation concealment was
ensured through the use of sequentially numbered,
opaque, sealed envelopes. A person, not involved in any
other aspect of the study, prepared both the randomisa-
tion sequences and the sealed envelopes.
The Committee on Health Research Ethics in the Cap-

ital Region of Denmark waived the need for ethical ap-
proval, as this was a teaching project (journal number:
17021633). All methods and experiments were per-
formed in accordance with relevant guidelines and regu-
lations. Participation in the trial was optional and

voluntary and all participants gave written informed
consent, which could be withdrawn without explanation
at any time. The trial was approved by the Danish Data
Protection Agency (journal number HGH-2017-131, I-
Suite number: 06089). The trial was not publicly regis-
tered, as this is not mandatory for studies assessing
teaching interventions in healthy volunteers. The trial
was conducted in accordance with a pre-specified proto-
col and statistical analysis plan (available in Danish from
the corresponding author upon request). There were no
changes to trial outcomes after the trial commenced.
The trial is reported in compliance with the Consoli-
dated Standards of Reporting Trials (CONSORT)
Statement [28] (completed checklist included in the
Additional file 1).

Participants
Three types of adult participants (≥18 years) were in-
cluded: 1) university students (medical students ex-
cluded) from the University of Copenhagen, who had
applied for a course through the organisation Student2-
Student (a voluntary organisation of medical students
who teach BLS courses to non-medical university stu-
dents); 2) conscripts in the Danish Military; and 3) re-
tired elderly people who had applied for a BLS course
through the Danish foundation TrygFonden. Participants
were excluded if they had ever studied to become a
health care professional (paramedic, nurse, physician, or
other). The only additional criterion was a satisfactory
continuous assessment at an ERC BLS course (4 h)
where enrolment took place through the three organisa-
tions listed above. All BLS courses were provided free of
charge. Participants received a reimbursement of 200
DKK (approximately €27) for their participation.

BLS courses and interventions
Agonal breathing was not mentioned during the 4-h
ERC BLS course and was only taught as part of the
intervention according to the randomisation. After the
course, participants were randomised to receive lecture-
based, video-based or simulation-based teaching on how
to recognise agonal breathing. All teaching sessions
lasted approximately 2 min. The lecture group was
taught using the ERC BLS 2015 course materials (a sin-
gle slide in a lecture) and teaching methods according to
ERC Guidelines for Resuscitation 2015 Section 2: Adult
basic life support and automated external defibrillation
[7]. The video group saw a video in plenary with text
and verbal explanation and examples of agonal breathing
(see Additional file) using recordings of HM simulating
agonal breathing (originally developed for another pur-
pose by Laerdal Medical, Stavanger, Norway; used with
permission). In order to standardise the teaching
methods, the instructor was not allowed to answer
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questions or to give examples on agonal breathing in the
lecture group or video group. The participants in the
simulation group simulated agonal breathing individually
with the instructor. The instructor explained and gave
some examples on agonal breathing the first 30 s. The
following 90 s, the participants simulated with feedback
from the instructor. All three interventions are described
in more detail in the Additional file.
To minimise differences between the three ERC BLS

instructors (NB, AG, and TWJ) responsible for the inter-
ventions, they all followed a detailed instructions manual
on what to say and how to interact with the participants
in all three groups (see Additional file 1). Participants
were not allowed to interact with each other between
the intervention and the test.

Testing
Testing was performed immediately after the course
using nine different videos of actors simulating nor-
mal breathing, no breathing and agonal breathing
(three videos of each). The study group and a study
investigator (AL) with extensive experience in medical
teaching and BLS courses selected specific video clips
for maximum clarity of various aspects of normal and
agonal breathing. Videos consisted of 2 female and 7
male actors, all 40–60 years old and wearing T-shirts
with high necks to avoid visualisation of the carotid
artery while simulating breathing patterns. The videos
lasted 30 s each and showed a side profile of a simu-
lated patient’s head and torso. All videos were edited
to give the actors a pale colour and to hide their ca-
rotid pulse. Three experienced paramedics (see ac-
knowledgements) not otherwise involved in the study
or the video production classified the videos with a
100% concordance to the intended categories. For the
test, participants were informed that the persons in
the videos were unconscious and had patent airways
and watched all nine videos in the same order (see
Additional file 1). After each video, participants had
10 s to classify the breathing pattern as either: 1) nor-
mal breathing, 2) no breathing, 3) agonal breathing,
or 4) “do not know”, in order to minimise random
guesses. Option 4) “do not know” was also used if
participants did not answer or answered after the 10 s
between each video, which was considered an incor-
rect response in the analyses. Participants were under
observation by one of the instructors during the en-
tire test. Each video could only be seen once, and
participants were not allowed to communicate during
the test. The testing procedures are fully accounted
for in the Additional file 1. Data were registered on
paper-based forms, and all data were electronically
entered twice and compared to ensure data quality
and avoid transcription errors.

Outcomes
The primary outcome was the participants’ overall ability
to recognise all three breathing patterns in terms of the
total number of correct breathing assessments out of all
nine videos. The secondary outcomes were the partici-
pants’ ability to recognise each breathing pattern (nor-
mal breathing, no breathing, and agonal breathing) in
three videos of each pattern.

Statistical analyses and sample size
The required sample size was calculated using a 5% sig-
nificance level and 80% power. Assuming that partici-
pants in the lecture group would have a mean number
of correct answers of 4–5 out of 9 videos, and that the
participants in the video group and the simulation group
would have a mean of 2–3 correct answers more than
the participants in the lecture group, 42–48 participants
were needed in each group. This assumption was made
according to our best estimate as instructors teaching
laypersons using the lecture method. To ensure an ad-
equate sample size and allow for possible withdrawals of
consent, we planned to include 50 participants in each
intervention group. We offered inclusion to all partici-
pants present at each course (maximum of six partici-
pants per course) until we reached a minimum of 150
included participants in total. No interim analyses were
planned or performed. There were no missing data and
thus no need for imputation of missing data.
Baseline characteristics, including gender, age, educa-

tion and previous BLS experience with an estimate of
years since last BLS course, are presented separately for
each group and for the total trial population. Categorical
variables are presented as frequencies (counts and per-
centages) and numerical variables as medians with inter-
quartile ranges (IQR) due to non-normality (inspected
using histograms and Q-Q-plots), and post-hoc also as
categorical variables due to non-normality.
Primary and secondary outcomes are presented as

counts and percentages of correct answers and analysed
using logistic regression models adjusted for participant
type (as described above). The effect of teaching method
on recognition of breathing patterns was tested using
likelihood ratio tests, and the relative effects of teaching
methods were compared using odds ratios (ORs) with
95% confidence intervals (CIs) calculated using the Wald
method. In addition to the pre-planned analyses, we
conducted a post-hoc analysis of the primary outcome.
This analysis was conducted using a logistic regression
model including the main effect of teaching method and
participant type and the interaction between teaching
method and participant type. A likelihood ratio test of
the interaction was conducted. The relative effects of
teaching methods within participant types were com-
pared using odds ratios (ORs) with 95% confidence
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intervals (CIs) calculated using the Wald method. We
considered P-values < 0.05 and 95% CIs for ORs not in-
cluding 1.00 as statistically significant. All analyses were
performed using SAS version 9.4 (SAS Institute, Cary,
NC, USA), with logistic regression analyses performed
using the GENMOD procedure.

Results
Trial population
From February 2, 2018 through May 21, 2019, we
assessed 167 course participants enrolled in an ERC BLS
course through the organisations listed above for eligibil-
ity (Fig. 1). All course participants had a satisfactory
continuous assessment, and none of the participants had
ever studied to become a health care professional. We
excluded 11 course participants before randomisation, as
they did not have time to participate in the test. The
remaining 156 participants underwent randomisation
and 52 were allocated to each intervention group. Two
participants had to leave before the test (one in the video

group and one in the simulation group), and one partici-
pant in the video group saw the video twice and was er-
roneously not tested. These three participants were
excluded from all analyses, including analyses of baseline
data. A total of 153 participants completed the test and
were included in the analyses (Fig. 1). The baseline char-
acteristics of the participants were largely similar in the
three groups (Table 1). No baseline or outcome data
were missing for these participants.

Primary outcome
All results are presented in Table 2 and Fig. 2. The three
teaching methods were overall significantly different (P =
0.013). Compared to lecture-based teaching (83% correct
answers), both video- (OR 1.77, 95% CI: 1.19–2.64) and
simulation-based teaching (OR 1.48; 95% CI: 1.01–2.17)
led to significantly more correct answers (90 and 88%, re-
spectively). Video-based teaching was not significantly dif-
ferent from simulation-based teaching (OR 1.20; 95% CI
0.78–1.83, simulation group as reference).

Fig. 1 CONSORT inclusion flowchart of screening, randomisation and participation. Legend: 167 course participants were assessed for eligibility.
Eleven course participants were excluded before randomisation, as they did not have time to participate in the test. The remaining 156
participants underwent randomisation and 52 were allocated to each intervention group. Two participants had to leave before the test after the
randomisation and one participant in the video group saw the video twice and was erroneously not tested. A total of 153 participants completed
the test and were included in the analyses
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Secondary outcomes
There was an overall statistically significant difference
between the teaching methods regarding recognition of
normal breathing (P = 0.001), but no significant differ-
ences for recognition of no breathing (P = 0.75) or ago-
nal breathing (P = 0.84) (Table 2 and Fig. 2). Compared
to lecture-based teaching (67% correct answers), both
video- (OR 2.69, 95% CI: 1.49–4.86) and simulation-
based teaching (OR 2.27, 95% CI: 1.28–4.03) led to sig-
nificantly more correct classifications of normal breath-
ing (83 and 81% correct answers, respectively). Video-
based teaching was not significantly different compared
to simulation-based teaching according to recognition of
normal breathing (OR 1.18, 95% CI: 0.63–2.23, simula-
tion group as reference).

Post-hoc analysis
The analysis of differences between teaching methods
within participant type was not statistically significant
(P = 0.14); differences were statistically significant in
university students when comparing video-based (95%
correct answers, OR 2.63, 95% CI: 1.06–6.58) and
simulation-based (97% correct answers, OR 4.26, 95%
CI: 1.53–11.9) vs. lecture-based teaching (87% correct
answers) (Table 3 and Fig. 2).

Discussion
Both video-based and simulation-based teaching
methods led to a statistically significantly improved rec-
ognition of breathing patterns compared to conventional
lecture-based teaching. Laypersons receiving the lecture-

Table 1 Characteristics of the participants at baseline

Characteristic Lecture
(N = 52)

Video
(N = 50)

Simulation
(N = 51)

Total
(N = 153)

Participant types, N (%)

University students 15 (28.9) 15 (30.0) 17 (33.3) 47 (30.7)

Military conscripts 18 (34.6) 19 (38.0) 17 (33.3) 54 (35.3)

Elderly retirees 19 (36.5) 16 (32.0) 17 (33.3) 52 (34.0)

Male, N (%) 30 (57.7) 32 (64.0) 29 (56.9) 91 (59.5)

Age, median (IQR) 26.5 (21.0; 69.5) 24.0 (20.0; 67.0) 24.0 (21.0; 70.0) 26.0 (21.0; 69.0)

Age, N (%)

≤ 20 years 10 (19.2) 14 (28.00) 11 (21.6) 35 (22.9)

21–30 years 20 (38.5) 19 (38.00) 21 (41.2) 60 (39.2)

31–40 years 3 (5.8) 1 (2.00) 1 (1.9) 5 (3.3)

51–60 years 0 (0.00) 0 (0.00) 1 (1.9) 1 (0.7)

61–70 years 8 (15.4) 9 (18.00) 5 (9.8) 22 (14.4)

> 70 years 11 (21.2) 7 (14.00) 12 (23.5) 30 (19.6)

Previous BLS course, N (%) 35 (67.3) 38 (76.0) 38 (74.5) 111 (72.5)

Years since last BLS course, median (IQR) 4.0 (2.0; 6.0) 2.5 (2.0; 5.0) 3.0 (2.0; 8.0) 3.0 (2.0; 6.0)

Years since, N (%)

< 3 years 9 (17.3) 19 (38.0) 11 (21.6) 39 (25.5)

3–5 years 16 (30.8) 10 (20.0) 15 (29.4) 41 (26.8)

> 5 years 10 (19.2) 9 (18.0) 12 (23.5) 31 (20.3)

Never 17 (32.7) 12 (24.0) 13 (25.5) 42 (27.5)

Highest completed education, N (%)

Lower secondary school 3 (5.8) 6 (12.0) 6 (11.8) 15 (9.8)

Adult vocational training 12 (23.1) 9 (18.0) 7 (13.7) 28 (18.3)

Upper secondary school 24 (46.2) 25 (50.0) 26 (51.0) 75 (49.0)

University College 4 (7.7) 6 (12.0) 7 (13.7) 17 (11.1)

University 8 (15.4) 4 (8.0) 5 (9.8) 17 (11.1)

Other 1 (1.9) 0 (0.0) 0 (0.0) 1 (0.7)

Baseline characteristics of the participants assigned to the three different teaching methods (lecture-, video- and simulation-based). Lower secondary school is the
final part of the compulsory education in Denmark lasting 10 years, adult vocational training is mainly for low skilled and skilled workers on the labour market,
upper secondary school (additional 2–3 years) is an admission requirement for university college and university. University College is offering medium-cycle
programmes and university is offering long-cycle programmes
Abbreviations: IQR interquartile range, BLS Basic Life Support
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based intervention in our trial correctly identified nor-
mal breathing in 67% and no breathing in 89% of cases,
similar to a study of Perkins et al from 2005, where 2nd
year medical students correctly identified normal breath-
ing and no breathing in 61 and 85% of the cases, re-
spectively [26]. The results of this trial differ somewhat,
as laypersons receiving the lecture-based intervention
correctly identified agonal breathing 94% of cases,
whereas 2nd year medical students trained as BLS in-
structors only identified agonal breathing correctly in
61% of cases in the previous study [26]. Perkins et al
provided only 10 s of video for each breathing pattern,
reflecting the maximum time recommended in current
guidelines for breathing assessment [6]. To detect a dif-
ference between the breathing patterns and to ensure
the participants’ ability to assess the regularity of breath-
ing even at a low respiratory rate, we decided to give the
participants 30 s to watch each breathing pattern and 10
s to make a decision afterwards. Consequently, recogni-
tion of agonal breathing in our trial may have been too
easy. We fully support the current guidelines and recom-
mend only 10 s of breathing assessment, yet spending
longer time on this may reflect reality for laypersons ini-
tially perceiving the victim’s breathing as normal [25].

Strengths
The strengths of our trial include the use of only three
instructors, a detailed instructions manual limiting inter-
instructor variations in interventions, pre-specification

Table 2 Numbers and proportions of correct answers for
primary and secondary outcomes

Correct answers/number of answers (%)

PRIMARY OUTCOME

All videos

Lecture 389/468 (83%)

Video 405/450 (90%)

Simulation 405/459 (88%)

SECONDARY OUTCOMES

Normal breathing

Lecture 104/156 (67%)

Video 125/150 (83%)

Simulation 124/153 (81%)

No breathing

Lecture 139/156 (89%)

Video 137/150 (91%)

Simulation 138/153 (90%)

Agonal breathing

Lecture 146/156 (94%)

Video 143/150 (95%)

Simulation 143/153 (93%)

Total number and proportions of correct answers for primary outcome
(recognition of breathing patterns) and secondary outcomes (recognition of
each breathing pattern). Numbers are calculated as the total number of
correct answers (for example, 52 participants were randomised to receive
lecture-based teaching and watched a total of 9 videos for the primary
outcome providing the possibility of 468 correct answers)

Fig. 2 Forest plot with outcome measures and the post-hoc analysis of the primary outcome. Legend: The overall differences are presented as P-
values calculated using likelihood ratio tests, the relative effects of teaching methods are presented as odds ratios with 95% confidence intervals
(CIs) calculated using the Wald method
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of the analyses conducted and no missing data for the
included participants. Health-care professionals were ex-
cluded, and three different types of participants were in-
cluded (university students, military conscripts and
elderly retirees) to get a broad representation of layper-
sons. The university students and military conscripts
mainly consisted of young adults in contrast to the eld-
erly retirees and had a higher proportion of correct an-
swers for every intervention in the post-hoc analysis.
This could be due to their lowered sensory abilities and
cognitive abilities making the test particularly difficult in
this age group [29, 30]. Yet, even though the teaching
materials and the test were not adapted for the elderly
group, the teaching interventions had the same relative
effect as on the two younger groups.
Although these three types of participants may not be

representative for the heterogeneous population of lay-
persons worldwide, inclusion of only three types permit-
ted us to stratify the trial and adjust our analyses
accordingly, and thus minimise the influence of differ-
ences between different types of participants on our
results.
Results from this trial indicate a higher ability to cor-

rectly classify breathing patterns during breathing assess-
ment in cardiac arrest if laypersons are taught using
video- or simulation-based teaching on ERC BLS
courses. Video-based teaching may be superior to
simulation-based teaching in several aspects. First,
video-based teaching is not dependent on instructor
skills and does not require specific instructor training.
Second, it can serve to standardise and quality-assure
the teaching between various instructors, course orga-
nisers and resuscitation councils worldwide. Third, it

can be carried out in plenary, and therefore requires a
significantly smaller amount of time per participant
compared to simulation, where each participant needs to
be involved in the simulation to ensure an optimal learn-
ing outcome. Thus, video-based teaching can be imple-
mented in existing BLS courses without substantial
increases in difficulty, time requirements or cost. Finally,
videos may be made available to participants allowing
them to revisit the material after the course, which may
increase retention.

Limitations
Our study has some limitations. First, the quality of the
three teaching methods was evaluated using video re-
cordings of actors simulating breathing types and not ac-
tual patients. However, using actual patients was not
possible at that time and would have been ethically
questionable. To ensure a high level of realism in the
testing videos, we recorded numerous attempts at agonal
breathing by many actors and chose the best versions of
agonal breathing for testing purpose. However, a video
of an actor may not be 100% in accordance with real life.
Second, participants in our trial should only focus on
breathing assessment and no subsequent treatment,
which might have provided them with a greater ability
to concentrate exclusively on the breathing assessment.
Our testing videos do not take into account the com-
plexity of breathing assessment in a real cardiac arrest
where the bystander is highly affected by uncertainty
and stress due to emotional attachment to the victim,
continuous disturbances from various sensory input or
input from team members and other bystanders or rela-
tives. Third, immediate evaluation of agonal breathing

Table 3 Proportions of correct answers in the post-hoc analysis of the primary outcome

Post-hoc subgroup analysis Correct answers/number of answers (%)

Lecture-based teaching

University students 118/135 (87%)

Military conscripts 142/162 (88%)

Elderly retirees 129/171 (75%)

Video-based teaching

University students 128/135 (95%)

Military conscripts 160/171 (94%)

Elderly retirees 117/144 (81%)

Simulation-based teaching

University students 148/153 (97%)

Military conscripts 141/153 (92%)

Elderly retirees 116/153 (76%)

Total number and proportions of correct answers in the post-hoc subgroup analysis of the primary outcome (recognition of breathing patterns) investigating the
effect of teaching method on the different subgroups (university students, military conscripts and elderly retirees). Numbers are calculated as the total number of
correct answers (for example, 15 university students were randomised to receive lecture-based teaching and watched a total of 9 videos for the primary outcome
providing the possibility of 135 correct answers)
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after being taught how to recognise this could poten-
tially bias the results and explain why participants recog-
nised agonal breathing slightly better than no breathing.
However, any other solution would have been very diffi-
cult to organise. Further, the trial was only adequately
powered for the primary outcome with three times as
many answers as the secondary outcomes. We did not
find any statistically significant differences in two of
three secondary outcomes (no breathing and agonal
breathing), which may be explained by limited power,
but could also be because the interventions led to
smaller or no differences for these breathing patterns. In
addition, we have not assessed retention or the effect on
time to recognition in real cardiac arrest situations, and
future studies are needed to investigate whether these
improved teaching methods translate to improved prac-
tice. Finally, the analysis of differences between teaching
methods within participant type was not statistically sig-
nificant. As the study was not powered to detect sub-
group differences, this could either be because of lack of
power, or because the effects of different teaching
methods are similar within participant type.

Conclusion
Video-based and simulation-based teaching methods led
to improved recognition of breathing patterns in adult
BLS courses for lay persons compared to the conven-
tional lecture-based teaching method.
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