
Page 1/19

Smartphone Apps to Support Laypersons in
Bystander CPR Are of Ambivalent Bene�t: a
Randomized Controlled Trial Using Medical
Simulation
Camilla Metelmann  (  camilla.metelmann@uni-greifswald.de )

Universitatsmedizin Greifswald https://orcid.org/0000-0002-6145-9021
Bibiana Metelmann 

University Medicine Greifswald: Universitatsmedizin Greifswald
Louisa Schuffert 

University Medicine Greifswald: Universitatsmedizin Greifswald
Klaus Hahnenkamp 

University Medicine Greifswald: Universitatsmedizin Greifswald
Peter Brinkrolf 

University Medicine Greifswald: Universitatsmedizin Greifswald

Original research

Keywords: Resuscitation, cardiac arrest, teaching, health informatics, mHealth, smartphone

Posted Date: January 25th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-152565/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read
Full License

https://doi.org/10.21203/rs.3.rs-152565/v1
mailto:camilla.metelmann@uni-greifswald.de
https://orcid.org/0000-0002-6145-9021
https://doi.org/10.21203/rs.3.rs-152565/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/19

Abstract
Background: Bystander initiated resuscitation is essential. To encourage medical laypersons to perform
resuscitation smartphone apps providing real-time guidance were invented. Are these apps a bene�cial
addition to traditional resuscitation training?

Methods: In a randomized controlled trial impact of app usage on quality of resuscitation in a standardised
simulated cardiac arrest scenario was assessed. In a previous study the app “HELP Notfall” was selected
for this purpose. Six weeks after a standardised resuscitation training pupils encountered a simulated
cardiac arrest (i) without app (control group); (ii) with facultative app usage (facultative group); (iii) with
mandatory app usage (mandatory group).

Results: 200 pupils attended this study with 74 pupils (37%) in control group, 65 (32,5%) in facultative
group and 61 (30,5%) in mandatory group. Participants using the app in mandatory group had a
signi�cantly higher percentage of chest compressions with the correct compression rate (65.4% vs. 43.8%;
p<0.01) and with correct compression depth (47.6% vs. 24.4%; p=0.001) than pupils of the control group.
Participants of the mandatory group had a signi�cant delay compared with control group regarding time
until check for breathing (23 sec. vs. 12 sec., p<0.001), call for help (35 sec. vs. 20 sec., p<0.001) and �rst
compression (68 sec. vs. 29 sec., p<0.001). Hands-off-time during compression tended to be shorter in
mandatory group (0.5 sec.) compared with control group (1.5 sec.), (p=0.36).

Conclusions: Smartphone apps offering real-time guidance in resuscitation are of mixed bene�ts. An
improved quality of chest compression is countered by a delayed start of chest compressions. Both
aspects have to be considered before recommending smartphone apps to support laypersons in bystander
resuscitation as an addition to traditional hands-on training.

Introduction
Treatment of out-of-hospital cardiac arrest (OHCA) needs to start as early as possible [1]. If
cardiopulmonary resuscitation (CPR) is initiated by a bystander, the likelihood of survival can be
substantially increased [2–4]. Even bystanders, who are medical laypersons, enhance the prospect of
survival of OHCA with favourable neurological outcome [5, 6]. Hence, the European Resuscitation Counsel
(ERC) as well as the American Heart Association (AHA) promote bystander CPR [7, 8]. However, although
most OHCA are witnessed, rates of bystander CPR are low, with high variance between European countries
[9–12]. One of the impediments, why medical laypersons do not start CPR, is limited knowledge [13–15].
Therefore, a multitude of different teaching concepts has been successfully implemented resulting in
higher rates of bystander CPR [16–19]. With the increasing spread of smartphones, one approach is to use
smartphone applications for teaching CPR skills. The ERC guidelines 2015 encourage use of mobile
technologies in CPR[20] and AHA calls for further studies analysing mobile devices to facilitate CPR [21].
Apps suitable for individual and group teaching were shown to su�ciently increase CPR knowledge [22–
24].
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However, CPR training reaches not all parts of the community, resulting in lower surviving rates [25]. Hence,
additionally to smartphone apps teaching CPR in advance, another kind of apps was developed, which
offer ubiquitous, real time guidance to medical laypersons encountering OHCA. Those apps focus on step-
by-step instructions without providing background information and, thus, differ innately from other
teaching apps. Exemplarily, a Japanese smartphone app providing real-time explanations on how to
perform CPR let to a higher proportion of chest compressions in a simulation study with medical
laypersons [26]. Yet, out of all apps providing real-time guidance, only few are in concordance with the
resuscitation guidelines and user friendly [27, 28] .

High-quality smartphone apps providing real-time guidance might be a bene�cial addition to traditional
CPR training by providing higher knowledge retention and serving as a reminder.

Methods

Aim, design, setting of the study
This study evaluates, whether the quality of bystander cardiopulmonary resuscitation by medical
laypersons is higher, if bystanders are supported by a smartphone app providing real-time guidance.

The smartphone app used in this study was selected in a three-step-approach. In this process consisting of
(i) a systematic review of apps guiding a medical layperson through a resuscitation situation, (ii) an
adherence-testing to medical guidelines and (iii) a usability evaluation, the smartphone app “HELP Notfall”
by Schweizerische Herzstiftung version 1.0 was assessed as “best suitable”. The detailed results of this
selection process have been published before [28].

In this study the smartphone app was evaluated using medical simulation in a randomized controlled trial.
To analyse impact of app usage on quality of resuscitation, a case-control-design with 3 different groups
was chosen, as depicted in Fig. 1. While the control group was not allowed to use a smartphone in a
standardised simulated cardiac arrest scenario; the facultative group was allowed to use the app, if they
thought it to be bene�cial; whereas members of the mandatory group had to use the app. All three study
groups received a standardised 30 minutes seminar on bystander CPR in groups of maximally 25
participants. Seminars were based on the ERC guidelines 2015 and one-person hands-only-CPR was taught
[29]. Topics covered were detecting cardiac arrest, calling for help and features of high quality chest
compression. All seminars were held by the same lecturer (LS), who is a senior medical student and
experienced paramedic. In seminars for the control group the app was not mentioned. Participants in the
facultative group were encouraged to download the app “HELP Notfall” after the seminar to familiarize
themselves with it. Whereas participants in the mandatory group were introduced to the app and operation
of the app was demonstrated and practised. In all groups the seminar was followed by individual hands-on-
training using manikins, which provide real-time feedback. During this one-to-one training, each participant
received individual feedback to practise the algorithm and to increase quality of chest compression. Pupils
in mandatory group used the app during training. While members of control group were provided with a fact
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sheet summarizing the seminar, members of facultative and mandatory group were encouraged to
download the app “HELP Notfall” on their personal smartphone.

With a �xed time interval of six weeks after seminar and hands-on-training, resuscitation skills were
assessed. In a standardised scenario (collapsed person in a park) all participants individually encountered
and detected and treated a simulated cardiac arrest. Quality of resuscitation was assessed using
simulation manikin Brayden® (Innosonian®, South Korea). The Brayden Pro scoring algorithm records and
presents information on chest compression rate, depth, release, fraction and hand position. Data collection
by manikin and software was used to ensure comprehensive data capture for each participant. During
examination two study group members were present. One study group member operated the tablet
computer assessing Brayden Pro scoring algorithm and measured the time. The other examiner evaluated
the quality of resuscitation with aid of a checklist regarding detection of unconsciousness, assessment of
breathing and body position during chest compression on a score chart (translated version provided as E-
Supplement). While members of control group entered the scenario without a smartphone; members of
facultative group could use the app “HELP Notfall” on a voluntary basis; whereas members of mandatory
group were told to use the app. For participants, who had either no smartphone, forgotten to download the
app, or had problems operating the app on their smartphone, a smartphone (iPhone 7) was provided.

Participants’ characteristics
All participants were pupils in class 8 to 11 from different schools with higher German education. School
pupils were chosen as study participants, because they have comparable general knowledge, comparable
knowledge regarding medical emergencies and resuscitation and comparable physical �tness. Additionally,
school kids use internet and apps as their main source of information and �rst choice in cases of questions
[30, 31], hence are bound to be more likely to use a smartphone app. This study population includes both
persons interested and not interested in CPR; in contrast to studies with volunteers, which might be biased
by higher motivation [32]. Randomisation into the three groups was done per school to minimize contact
between different study groups. The aim was to reduce the risk of pupils in control group downloading the
app, because they were told about the app in the schoolyard by pupils of the other two groups. The study
was carried out from October 2017 to July 2018.

Statistical Analysis
Based on our power-analysis and a study done by Paal and colleagues, we recruited school classes to
include 60 pupils per group [33]. Statistical processing of the data was carried out using IBM SPSS
Statistics, version 25.0 (IBM Corporation, Armonk, New York, USA) and Microsoft Excel 2010 (Microsoft
Corporation, Redmond, Washington, USA). We assessed normal distribution by Shapiro-Wilk-Test; median
and interquartile range were calculated. In case of normal distribution, t-test was used to assess
signi�cance levels. In cases without normal distribution, Mann-Whitney-U-Test was used.

Results
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200 pupils attended this study with 74 pupils (37%) in control group, 65 pupils (32,5%) in facultative group
and 61 pupils (30,5%) in mandatory group. Characteristics of study participants are depicted in Table 1.
There was no signi�cant difference regarding gender, pre-existing �rst aid knowledge and previous
exposure to emergency situations. Yet, there was a signi�cant difference regarding age with pupils in
facultative group being youngest (mean age 14 years) and pupils in mandatory group being oldest (mean
age 15 years).
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Table 1
Characteristics of study participants

  Total
(n,%)

Control
group
(n,%)

Facultative
group
(n,%)

Mandatory
group
(n,%)

Control vs.
facultative
group

Control vs.
mandatory
group

Facultative
vs.
mandatory
group

Number of
participants

200 74
(37.0)

65 (32.5) 61 (30.5)      

Gender 197 71 65 61 p = 0.34 p = 0.29 p = 0.77

Male 95
(48.2)

37
(52.1)

31 (47.7) 27 (44.3)      

Female 102
(51.8)

34
(47.9)

34 (52.3) 34 (55.7)      

Age 196 71 64 61 p = 0.003 p = 0.001 p < .0001

13 37
(18.9)

14
(19.7)

23 (35.9) 0      

14 53
(27.0)

21
(29.6)

24 (37.5) 8 (13.1)      

15 57
(29.1)

16
(22.5)

10 (15.6) 31 (50.8)      

16 32
(16.3)

10
(14.1)

7 (10.9) 15 (24.6)      

17 17
(8.7)

10
(14.1)

0 7 (11.5)      

Pre-existing
�rst aid
knowledge*

192 77 63 52 p = 0.17 p = 0.91 p = 0.14

None 71
(37.0)

29
(37.7)

19 (30.1) 23 (44.3)      

First Aid
Course

105
(54.7)

37
(48.1)

42 (66.7) 26 (50.0)      

Member of
volunteer
�re brigade

5
(2.6)

4 (5.2) 1 (1.6) 0      

School
paramedic

4
(2.1)

3 (3.8) 0 1 (1.9)      

Other 7
(3.6)

4 (5.2) 1 (1.6) 2 (3.8)      



Page 7/19

  Total
(n,%)

Control
group
(n,%)

Facultative
group
(n,%)

Mandatory
group
(n,%)

Control vs.
facultative
group

Control vs.
mandatory
group

Facultative
vs.
mandatory
group

Have you
been in an
emergency
situation
before?

196 74 61 61 p = 0.30 p = 0.51 p = 0.71

Yes 12
(6.1)

3 (4.1) 5 (8.2) 4 (6.6)      

No 184
(93.9)

71
(95.9)

56 (91.8) 57 (93.4)      

* Legend: multiple answers possible

 

To ascertain cardiac arrest, pupils had to assess consciousness, airway obstruction and breathing. As
depicted in Table 2, there were no signi�cant differences between pupils using the app and pupils without
app.
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Table 2
Assessment of consciousness, airway obstruction and breathing

  Control

group
(n,%)

Facultative
group
(n,%)

Mandatory
group
(n,%)

Control vs.
facultative
group

Control vs.
mandatory
group

Facultative
vs.
mandatory
group

Assessment of
consciousness

n = 74 n = 64 n = 60 p = 0.26 p = 0.51 p = 0.85

Not checked 5
(6.8%)

2 (3.1%) 3 (5.0%)      

Spoke to or
touched person

2
(2.7%)

5 (7.8%) 4 (6.7%)      

Spoke to and
touched person

67
(90.5%)

57 (89.1%) 53 (88.3%)      

Assessment of
airway
obstruction

n = 74 n = 63* n = 60 p = 0.42 p = 0.38 p = 0.78

Not checked 24
(32.4%)

19 (30.2%) 15 (25.0%)      

Checked, but
not correctly

9
(12.2%)

13 (20.6%) 12 (20.0%)      

Correctly
checked

41
(55.4%)

31 (49.2%) 33 (55.0%)      

Assessment of
breathing

n = 74 n = 64 n = 60 p = 0.29 p = 0.03 p = 0.05

Not checked 7
(9.5%)

4 (6.2%) 0      

1 out of look,
listen, feel

5
(6.8%)

5 (7.8%) 10 (16.7%)      

2 out of look,
listen, feel

14
(18.8%)

20 (31.3%) 12 (20.0%)      

3 out of look,
listen, feel

48
(64.9%)

35 (54.7%) 38 (63.3%)      

* Legend: difference caused by loss of data

 

Out of 200 pupils 198 (99%) performed chest compressions. As shown in Table 3 pupils using the app in
mandatory group had a signi�cantly higher percentage of chest compressions with the correct
compression rate of 100–120 bpm compared to pupils in control group (p = 0.002). Furthermore, pupils in
the mandatory group achieved signi�cantly more often a recommended compression depth of 5–6 cm
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than pupils in control or facultative group (p = 0.001, p = 0.008 resp.). There were no signi�cant differences
between the three groups regarding release of chest compression and hand positioning.

Table 3
Quality of chest compression

  Control

group

Facultative
group

Mandatory
group

Control vs.
facultative
group

Control vs.
mandatory
group

Facultative
vs.
mandatory
group

Correct compression
rate [100–120/min− 

1] (%)

      p = 0.66 p = 0.002 p = 0.66

mean (standard
deviation)

43.8
(±36.8)

39.2
(±34.8)

65.4
(±32.7)

     

Median 42 32 81      

Correct compression
depth [5-6cm] (%)

      p = 0.72 p = 0.001 p = 0.008

mean (standard
deviation)

24.4
(±30.4)

30.1
(±35.2)

47.6
(±37.3)

     

median 10 7.5 51.5      

Correct release of
compression (%)

      p = 0.04 p = 0.49 p = 0.24

mean (standard
deviation)

89.7
(±22.6)

81.7
(±30.9)

87.8
(±23.8)

     

Median 100 98 100      

Correct hand
position (%)

      p = 0.77 p = 0.05 p = 0.08

mean (standard
deviation)

76.8
(±28.3)

77.6
(±30.9)

86.4
(±19.0)

     

Median 90 95 97      

 

A high quality CPR requires optimal body and arm positioning during chest compression. Pupils of the
mandatory group were guided by the app and had a signi�cantly better body position than pupils without
app guidance in control group (p = 0.002), (see Table 4). There were no signi�cant differences detectable
regarding correct arm posture.
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Table 4
Positioning of �rst aider during chest compressions

  Control

group
(n,%)

Facultative
group
(n,%)

Mandatory
group
(n,%)

Control vs.
facultative
group

Control vs.
mandatory
group

Facultative vs.
mandatory
group

Body
position

n = 74 n = 64 n = 60 p = 0.05 p = 0.002 p = 0.09

Correct 63
(85.1)

61 (95.4) 60 (100)      

Arm
posture

n = 74 n = 64 n = 60 p = 0.31 p = 0.49 p = 0.76

Correct 72
(97.3)

60 (93.7) 57 (95.0)      

 

To access further parameters of high quality CPR, times were taken during the simulation. The measured
time intervals are shown in Fig. 2 and E-Table 1. In groups using the app (facultative and mandatory group)
a signi�cant delay until check for breathing, call for help and �rst compression was detectable (in each
case p < 0.001). Assessment of breathing was done in similar time spans in all groups.

Hands-off-time during compression differed: while pupils not using the app (control group) had a mean
pause during compression of 1.5 seconds, pupils with mandatory use of app had a mean pause of 0.5
seconds during compression, which was not statistically signi�cant (p = 0.36). Pupils with facultative app
usage had a mean interruption during compression of 11.0 seconds. The total hands-off-time (combination
of time until �rst compression and pause during compression) was signi�cantly longer, when using the app
(p = < 0.001).

Discussion
Using smartphone app-based real-time instruction in resuscitation is thought to be bene�cial, because
mobile phones are often close at hand and might reduce fear of making mistakes during CPR[34]. As our
results illustrate, smartphone guidance shows mixed bene�ts.

For detection and treatment of persons with suspected cardiac arrest an easy to follow algorithm was
developed for medical laypersons[7]. This algorithm involves check of consciousness, check for breathing,
call for help and start of chest compressions and was taught in our study. During the simulated scenario
most pupils adhered to this algorithm, regardless of whether the app was used or not. While check of
consciousness was done correctly by most pupils, check for airway obstructions and assessment of
normal breathing were a higher challenge. Even pupils, who received detailed instruction by the app, had
di�culties performing this task. In a study done by Choa, participants, who were shown videos using
animated motion capture technique on a smartphone app, performed better airway management (head tilt-



Page 11/19

chin lift manoeuvre and checking for breathing) in comparison to participants receiving audio-guidance
only [35].

High quality chest compression is essential for survival [36]. A chest compression rate of 100–120
compressions per minute was shown to be the optimal frequency of thoracic compression [37, 38].
Instructions issued by the app lead to a signi�cantly higher amount of chest compressions within the
recommended pace. This might be accountable to the metronome, similar to �ndings in a study by Paal
[33].

High quality CPR further includes a chest compression depth of 5–6 cm [38]. In our study, pupils using the
app achieved signi�cantly more often the recommended compression depth. The results regarding
improved chest compression rate and depth are in concordance with a study by Merchant et al, who tested
the bene�t of CPR-instructions by voicemail using a �ip-design cell telephone [39]. Concordantly, a study
done by Choa et al. showed better chest compression quality when using an app showing video clips [35].

Alongside a deep chest compression, a total release of compression is also necessary[29]. In our study no
differences between pupils with and without app use were seen. This is probably due to the fact, that the
app did not address release of chest compression. Also, no signi�cant differences were seen regarding
hand position on the chest.

To achieve adequate chest compression depth and rate, it is advisable to kneel directly beside the victim
and to press with both arms stretched. While app guidance led to a signi�cantly better body position, no
signi�cant differences regarding correct arm posture was detectable. Nearly all pupils used correct body
and arm positioning, probably because it was demonstrated in the CPR training six weeks in advance.
Correct body and arm position can be learnt best with hands-on-training. Hence, smartphone guidance in
real-time should be considered as an additional tool to support traditional hands-on CPR training, because
important psychomotor skills can be better taught in direct training with manikins [35].

In cardiac arrest it is essential to start resuscitation as soon as possible [8, 29]. Numerous studies could
show a bene�t for early start of chest compressions by bystanders [40, 41]. Hence, it is of paramount
importance that real-time guidance by smartphones does not lead to a substantial time delay[33]. Yet, in
our study pupils, who examined the manikin for cardiac arrest with support by the smartphone app, took
longer time to start and complete check for breathing, more time to call for help and more time until �rst
chest compression. This prolonged time until �rst compression was also found in other studies evaluating
real-time guidance through mobile phones or smartphones [26, 33, 39]. In studies comparing app or video-
demonstrated instructions with audio-only instructions (as in telephone-CPR), time until �rst chest
compression was found to be shorter with app-/ video-based instructions [42, 43].

When scrutinising these �ndings, several aspects have to be considered. All pupils in our study received a
CPR training six weeks ahead of this examination. Different results may be found with laypersons, whose
training was years ago or who had no previous training. Medical laypersons without CPR training are often
overwhelmed by the situation and are afraid of doing something wrong and might prefer doing nothing at
all [44]. Hence, smartphone guidance may prompt them to assess consciousness and breathing.
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Additionally, it helps bystanders with limited CPR knowledge to remember all steps. Furthermore, in our
study the time delay ascribable to the app accounts for approximately one minute. This is a relatively small
loss of time compared to a situation, in which no bystander CPR is initiated and �rst chest compression is
done by ambulance crew. Hence, in an app leading to a higher amount of high quality bystander CPR, one
could argue, that a loss of time of approximately one minute might be acceptable. Additionally, pupils using
the app tended to have fewer and shorter pauses during chest compressions. In situations, in which the
ambulance takes 10 minutes or longer to reach the emergency site, the initial time delay might be mitigated
by a shorter overall hands-off-time.

Limitations
This study is a simulation study with manikins, thus, generalisability to real-life scenarios is limited.
Resuscitation was performed with one-person hands-only CPR, which might be different in real-life
scenarios. This study was done with pupils. Because of their young age this reduces the transferability to
other bystanders. Pupils in mandatory group were slightly older than pupils in the other groups, which could
lead to a greater body strength resulting in deeper chest compressions [45]. However, heights and weights
differences in pupils of 14–15 years are not as pronounced as in younger years [45].

Randomisation into the three groups was done on school level to reduce communication between different
study groups. However, it bears the risk of bias by different educational strategies of different schools. We
tried to diminish this bias by providing every pupil with a standardised CPR-training.

The timespan between training and examination was six weeks. Other results may have been observed
after a different time interval. Pupils in the mandatory group, were trained how to operate the app. Outside
study environment people often download apps without familiarizing with it [46]. Thus, they might not
know how to operate the app in case of witnessing cardiac arrest and are expected to have longer time
delays before starting CPR.

During simulation the duration of chest compressions was stopped after two minutes to allow
standardisation, similar to other studies[26, 47]. In real emergencies, CPR by bystanders is often required for
a longer time-interval. A longer timespan might pronounce or mitigate the differences in quality of chest
compressions.

Future outlook
To allow quali�ed recommendation regarding smartphone app- based real-time guidance for medical
laypersons in resuscitation, studies evaluating the bene�ts and drawbacks in real cardiac arrests are
needed. The future goal is to analyse impact on return of spontaneous circulation and quality of life.

Conclusions
Before recommending apps offering real-time guidance in resuscitation to medical laypersons, it is
essential to analyse potential risks and bene�ts. This study examined in case-control-design indicators of
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high quality CPR in pupils detecting and treating a simulated cardiac arrest with or without help of a
smartphone app offering real-time guidance. While some aspects of high quality CPR were improved in the
group using the smartphone app (correct chest compression rate and depth, correct body positioning), other
aspects still remain a challenge to medical laypersons (assessment of airway obstruction and normal
breathing). Additionally, app usage was associated with a delayed start of chest compressions. Hence,
such smartphone apps are of mixed bene�ts. Besides an improved quality of chest compression an
increased hands-off-time has to be considered as well. We tentatively recommend using smartphone apps
to support laypersons in bystander CPR as an addition to hands-on CPR training.

List Of Abbreviations
AHA - American Heart Association

CPR - cardiopulmonary resuscitation

ERC - European Resuscitation Counsel

OHCA - out-of-hospital cardiac arrest
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Figure 1

Study design

Figure 2

Measured time intervals during simulation (* marks statistical signi�cance with p<0.001)
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