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Article history: Objective: Evaluating the usefulness of a chat bot as an assistant during CPR care by laypersons.
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in this quasi-experimental simulation pilot trial. A version beta chatbot was designed to guide potential
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bystanders who need help in caring for cardiac arrest victims. Through a Question-Answering (Q&A) flow-
chart, the chatbot uses Voice Recognition Techniques to transform the user's audio into text. After the

Keywords: transformation, it generates the answer to provide the necessary help through machine and deep learning
Bystander CPR

Cﬁain of survival algorithms. A simulation test with a Laerdal Little Anne manikin was performed. Participants initiated the
Chatbot chatbot, which guided them through the recognition of a cardiac arrest event. After recognizing the cardiac

arrest, the chatbot indicated the start of chest compressions for 2 min. Evaluation of the cardiac arrest
recognition sequence was done via a checklist and the quality of CPR was collected with the Laerdal
Instructor App.
Results: 91% of participants were able to perform the entire sequence correctly. All participants checked the
safety of the scene and made sure to call 112. 62% place their hands on the correct compression point. A
media time of 158 s (IQR: 146-189) was needed for the whole process. 33% of participants achieved
high-quality CPR with a median of 60% in QCPR (IQR: 9-86). Compression depth had a median of 42 mm
(IQR: 33-53) and compression rate had a median of 100 compressions/min (IQR: 97-100).
Conclusion: The use of a voice assistant could be useful for people with no previous training to perform de
out-of-hospital cardiac arrest recognition sequence. Chatbot was able to guide all participants to call 112
and to perform continuous chest compressions. The first version of the chatbot for potential bystanders
naive in basic life support needs to be further developed to reduce response times and be more effective
in giving feedback on chest compressions.

© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
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1. Introduction

About 70% of cardiac arrests (CA) occur in residential areas, with
approximately 58% being witnessed by bystanders in Europe [1].

Immediate and appropriate cardiopulmonary resuscitation (CPR)
by bystanders can directly influence patient outcomes after out-of-

* Corresponding author at: University of Santiago de Compostela, Faculty of Nursing,
Avenida de Xodn XXIII, s/n, 15782 Santiago de Compostela, A Corufia, Spain.
E-mail address: cristina.jsoto@gmail.com (C. Jorge-Soto).

https://doi.org/10.1016/j.ajem.2022.09.013

hospital cardiac arrest (OHCA), improving survival by two to four
times [2-4]. Training population in basic life support (BLS) is sup-
ported by the scientific community and is reflected in published
guidelines [5]. However, there are barriers that may hinder access
to BLS training (economic, time availability or place of residence)
[6-9].

According to the evidence, bystanders initiate resuscitation maneuvers
in 58% of cases in Europe (ranging from 13% and 82% across countries) [1].
Therefore, it is important to analyze the usefulness of tools to improve
bystander-initiated CPR rates.

0735-6757/© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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In recent years, the applicability of new technologies to the health
care field has been extensively studied. In this regard, virtual assis-
tants have been developed for the management of chronic patholo-
gies such as diabetes [10-12] or the training of clinical skills such as
communication [13].

Related to CPR care, the impact of the use of mobile apps on CPR
quality (considering chest compressions and AED use) has been ana-
lyzed [14,15]. Although these apps could have a positive influence on
the quality of resuscitation performed by untrained persons, it
requires prior motivation by the bystander. If the potential rescuer
is afraid of not knowing what to do or of hurting victim, CPR could
be delayed until the emergency services arrive, with the consequent
repercussions on the chances of survival and outcomes. Therefore, if
in the case of witnessing an OHCA it was possible to use an assistant
to guide the action, higher rates of bystander-initiated resuscitation
could be achieved, and resuscitation could be performance with
higher quality and earlier.

For these reasons, the aim of the present study is to evaluate the
usefulness of a chat bot as an assistant during CPR by laypersons.

2. Material and methods
2.1. Participants

Twenty-one university graduates or university students naive in
basic life support took part in the present pilot trial. This condition
was checked by the research team twice: at the time of the invitation
to participate in the study and before the practical test. On both occa-
sions, the question was asked openly, and the response was recorded
on the data collection sheet for the record.

All of them were previously informed about the aim of the study and
we explained in advance what participation consisted of.

2.2. Design

We develop a Quasi-experimental simulation pilot study with a con-
venience sample in September 2021 in Faculty of Sports and Educa-
tional Sciences. For this study, we designed and created a chatbot to
assist OHCA first responders.

The practical test consisted of a simulated scene of OHCA where
participants had to act as a first responders following the guidance
of chatbot. Before the practical test, the participants were given
the following information: the simulation scenario consisted of
witnessing a person suddenly fall to the floor, material inside the
simulation scenario (manikin and chatbot), the chatbot would
help them in the assistance of the victim and would be triggered
by the phrase “I need help”. No more instructions or training were
given before the practical test.

Performance was assessed by means of a check list which include the
steps of basic life support sequence: safety, check response, open the
airway, check breathing, call the emergency services, chest compres-
sions (CC) and time to start CC. Furthermore, quality of CC was assessed
by the Laerdal Instructor App for smartphone.

2.3. Materials

Chatbot or Conversational Assistant aims to guide the user through
a Question-Answering (Q&A) flowchart for the correct exercise of
the primary CPR assistance maneuver. Conversational Assistant uses
Voice Recognition Techniques to obtain the user's audio and transforms
it into text. Once this transformation is done, it performs a text process-
ing stage that, by means of Machine and Deep Learning algorithms,
can understand, and process the corresponding answer. The chatbot is
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activated when it recognizes the phrase “I need help”. It then asks a
question to confirm the need for help and guides the conversation
through each step of the basic life support algorithm. Thus, chatbot
was used firstly to recognize CA, by giving instructions about how to
check response and breathe. After CA is confirmed, chatbot guides the
CC performance (correct hands position, CC depth, CC rate). A flowchart
of the conversation process and the interpretation of the responses is
included in Annex 1.

For simulation scenes we used a manikin Little Anne (Laerdal) and
the Instructor App (Laerdal) to record quality of chest compressions.

24. Variables

We registered age and sex of each participant.

Steps of BLS sequence were categorized as dichotomous qualitative
variables.

The quality of CC was recorded quantitatively, using the Laerdal
Little Anne manikin with the Instructor App, configured according to
the 2021 international BLS recommendations (depth: 50-60 mm;
rate: 100-120 compressions/min). The variables included were: global
QCPR (%), time to start CC in seconds (recorded since the chatbot was
triggered to first chest compression performed), mean CC depth
(mm), CC with correct release (%), CC with correct depth (%), CC with
correct rate (%) and mean CC rate (c/min).

2.5. Statistical analysis

Continuous variables were described by measures of central ten-
dency (median) and dispersion (interquartile range Q1 - Q3). Categori-
cal variables were described as absolute and relative frequencies.

2.6. Ethics

All participants were informed about the aims and study pro-
tocol and provided written informed consent. Participation was
voluntary and no personal incentive for participation was given.
The study respected the Helsinki Declaration and was approved by
the Faculty of Education Sciences and Sports Ethics Committee
(code 16-072).

3. Results

Twenty-one participants were involved in the present pilot trial. The
median age of the sample was 25 years (22-28).

The skills for the OHCA recognition are shown in Fig. 1. Ninety-one
percent of them were able to perform the entire sequence correctly, as
they checked the victim's consciousness and breathing. No participant
opened the airway to check for breathing and only 72% brought their
face close to the victim's face. All participants checked the safety of the
scene and made sure to call 112. Sixty-two percent placed their hands
on the correct compression point. A median time of 158 s (IQR:
146-189) was needed for the whole process.

The percentages of participants with CPR quality criteria (> 70%
value) are shown in Fig. 1. Thirty-three percent of participants achieved
high-quality CPR, 86% achieved quality chest release, 38% did so in
depth of compressions and only 5% in compression rate. On the other
hand, 24% achieved a mean depth between 50 and 60 mm and 62%
achieved a mean rate between 100 and 120 ¢/min.

CPR skills are shown in Fig. 2. The quality of CPR reflects a median of
60%, although with a large dispersion (IQR: 9-86). Correct depth was
the parameter with the worst values (6%) and present a large dispersion
(IQR: 0-97). The mean compression depth was 42 mm (IQR: 33-53).
The correct rate was more stable with a median of 52% (IQR: 45-59),
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OHCA recognition skills

Is capable of
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*Data described in Median (QI — Q3)

B Closed airway + Check from distance
n Closed airway + approaches to check

Fig. 1. A. Results of skills for the OHCA recognition; B. Results of skills for the checking breathing; C. Results of time to start CPR.
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Fig. 2. A. Results of CPR skills values; B. Results of CPR skills by number of participants; C. Results of mean depth and mean rate variables.
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as was the mean rate [100 compressions/min; (IQR: 97-100)]. Correct
release was the best value with a median of 100% and an interquartile
range of (IQR: 92-100).

4. Discussion

This study evaluates the usefulness of a novel interactive Artificial
Intelligence app based on natural language processing algorithms. Al-
though the usefulness of virtual assistants in the health field has been
studied, to date no similar tool had been designed to assist witnesses
of OHCA.

In recent years, the implementation of teleoperator-assisted CPR has
led to an increase in CPR bystander rates. In Europe, 91% of bystander
CPR was performed at the direction of an emergency teleoperator.
This high percentage suggests limitations in the skills or confidence of
citizens in responding to CA. However, in Europe, data indicate that al-
most one in three (31%) OHCA are not treated until the arrival of EMS
[1]. In this study, using a voice assistant, 91% of participants got the
whole sequence correct and all of them called 112 and started CC. Fur-
thermore, the quality of the application of the recognition sequence
achieves no lower results than university students who received
150 min of BLS training [16].

All this was performed in 158 s on median, in a range of 146-189 s.
This amounts to a time of between 2.5 and 3 min until the start of com-
pressions and alert to EMS, reducing the probability of survival by about
30% [17]. In the study by Dong et al., which combined the use of an app
that provided quality feedback with telephone instructions provided by
medical personnel, the time to the start of compressions was 140 s,
which we consider could still be improved [18].

One in three participants performed high quality CPR. Moreover, 62%
of participants had a correct mean rate and 24% had a correct mean
depth. The percentage of participants performing high quality CPR is
lower compared to people receiving training, which is to be expected
as the participants had never performed CPR before and had never re-
ceived training in this regard [16]. On the other hand, the ERC encour-
ages the implementation of technologies that improve CPR bystander
rates and, therefore, survival [17]. Getting all bystanders to start CPR
and one third of them to do it with high quality is a good start for the
initiation of voice assistants in CA.

The quality of CPR skills recorded when using the voice assistant ap-
pears to be lower than that obtained in other studies in which previous
training is conducted [16,19,20]. However, CPR skills do appear to be
better than those obtained when using other mobile applications that
provide real-time feedback [14].

Obtaining a median CPR quality of 60% is interesting as a starting
point, although the wide dispersion of the results suggests the need
to implement improvements in feedback during CPR. However, the
usefulness of the voice assistant may be a necessity in the future of
society. Today, most smartphones, tablets and laptops have voice
assistants that are quick and easy to activate. If untrained citizens
are aware of this utility in case of an emergency, the voice assistant
could guide them to activate the chain of survival. In this case, all par-
ticipants managed to perform CPR and one in three did so with high
quality, so it appears to be a potentially useful tool if improvements
are made.

Our study has some limitations. The test was carried out under
simulated conditions, so results are probably not the same as those
that would be obtained in a real situation. The convenience sample
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were people who have studied or are studying at university, which
implies some selection bias that would limit the generalization of
results. Moreover, this pilot study is the first experience using this
tool (chatbot) which is still in the development stage. Nevertheless,
the results of its use indicate that it seems interesting to continue
improving the chatbot and to evaluate it on a larger sample. In addi-
tion, this is a usability study not a comparison study and it represents
the first stage of this project. Comparison of this device with other
types of assistance during cardiac arrest cannot be determined in
the present research design. Our aim is to conduct a second stage
comparison study, in which we will analyze the differences between
directly calling 112 and following dispatcher instructions and using
both, the chatbot and 112 call.

Future research related to the voice assistant should be directed
towards improving the limitations found, with the aim of improving
the results obtained. Although it is a useful tool that can help a BLS
naive person to act, it is possible that changes in the assistant could
lead to better results and less dispersion. The assistant needs to guide
the participant more quickly to decrease the time to first chest compres-
sion. Clearer and more specific commands may improve the quality
of the recognition sequence, hand placement or compression depth.
Setting the metronome to 110 ¢/min instead of 100 ¢/min may also
improve the quality of the compression rate.

5. Conclusions

In conclusion, the use of a voice assistant could be useful for
people with no previous training to perform the life support sequence
completely and correctly. Furthermore, although the CPR skill values
are very dispersed, the voice assistant managed to guide all partici-
pants to chest compressions and one in three participants did so
with high quality. The first version of the chatbot for potential
bystanders naive in basic life support needs to be further developed
to reduce response times and be more effective in giving feedback
on chest compressions.
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Appendix A. Chatbot conversation flowchart

I need help

IMPUT TRIGGER

Do you need help?
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Yes, i do

i

| Do you need first aid instructions? |

Yes, i need help

/
Yes, i do

I Ok. Are you in a safe zone? |

Yes, i need

_ | Please, move to a safe area I
>

L |

|

_
I

| Are you already in a safe zone? |

Place the person on his back. See if | <
he responds. Kneel, shake
shoulders gently, talk loudly.

LR

I Is there a response?

EMERGENCY RECOGNITION

=

Ok, goodbye

—_
l OK, I'm notifying the emergency |

_——— services.

| Now, follow the instructions. |

B

References

[1] Grasner JT, Wnent ], Herlitz ], Perkins GD, Lefering R, Tjelmeland [, et al. Survival after
out-of-hospital cardiac arrest in Europe - results of the EuReCa TWO study. Resusci-
tation. 2020;1(148):218-26. https://doi.org/10.1016/j.resuscitation.2019.12.042.

[2] Marijon E, Bougouin B, Tafflet M, Karam N, Jost D, Lamhaut L, et al. Population move-
ment and sudden cardiac arrest location. Circulation. 2015;131(18):1546-54.
https://doi.org/10.1161/CIRCULATIONAHA.114.010498.

[3] Chien CY, Tsai SL, Tsai LH, Chen CH, Seak CJ, Weng YM, et al. Impact of transport time
and cardiac arrest centers on the neurological outcome after out-of-hospital cardiac
arrest: a retrospective cohort study. JAHA. 2020;9:e015544. https://doi.org/10.1161/
JAHA.119.015544.

[4] Sasson C, Rogers MA, Dahl J, Kellermann AL. Predictors of survival from out-of-
hospital cardiac arrest: a systematic review and meta-analysis. Circ Cardiovasc
Qual Outcomes. 2010;3(1):63-81. https://doi.org/10.1161/CIRCOUTCOMES.109.
889576.

173

[5] Greif R, Lockey A, Breckwoldt ], Carmona F, Conaghan P, Kuzovlev A, et al.
European resuscitation council guidelines 2021: education for resuscitation.
Resuscitation. 2021;161:388-407. https://doi.org/10.1016/j.resuscitation.2021.
02.016.

[6] Sasson C, Magid DJ, Chan P, Root ED, McNally BF, Kellermann AL, et al. Association of
neighborhood characteristics with bystander-initiated CPR. N Engl ] Med. 2012;367
(17):1607-15. https://doi.org/10.1056/NE]Moa1110700.

[7] Sasson C, Keirns CC, Smith DM, Sayre MR, Macy ML, Meurer W], et al. Examining the
contextual effects of neighborhood on out-of-hospital cardiac arrest and the provi-
sion of bystander cardiopulmonary resuscitation. Resuscitation. 2011;82(6):674-9.
https://doi.org/10.1016/j.resuscitation.2011.02.002.

[8] Mitchell MJ, Stubbs BA, Eisenberg MS. Socioeconomic status is associated with pro-
vision of bystander cardiopulmonary resuscitation. Prehosp Emerg Care. 2009;13
(4):478-86. https://doi.org/10.1080/10903120903144833.

[9] Becker LB, Han BH, Meyer PM, Wright FA, Rhodes KV, Smith DW, et al. Racial
differences in the incidence of cardiac arrest and subsequent survival. The CPR


https://doi.org/10.1016/j.resuscitation.2019.12.042
https://doi.org/10.1161/CIRCULATIONAHA.114.010498
https://doi.org/10.1161/JAHA.119.015544
https://doi.org/10.1161/JAHA.119.015544
https://doi.org/10.1161/CIRCOUTCOMES.109.889576
https://doi.org/10.1161/CIRCOUTCOMES.109.889576
https://doi.org/10.1016/j.resuscitation.2021.02.016
https://doi.org/10.1016/j.resuscitation.2021.02.016
https://doi.org/10.1056/NEJMoa1110700
https://doi.org/10.1016/j.resuscitation.2011.02.002
https://doi.org/10.1080/10903120903144833

M. Otero-Agra, C. Jorge-Soto, 0,J. Cosido-Cobos et al.

Chicago Project. N Engl ] Med. 1993;329(9):600-6. https://doi.org/10.1056/
NEJM199308263290902.

[10] Gong E, Baptista S, Russell A, Scuffham P, Riddell M, Speight ], et al. My Diabetes
Coach, a Mobile App-Based Interactive Conversational Agent to Support Type 2 Di-
abetes Self-Management: Randomized Effectiveness-Implementation Trial. ] Med
Internet Res. 2020;22(11):e20322. https://doi.org/10.2196/20322.

[11] Alloatti F, Bosca A, Di Caro L, Pieraccini F. Diabetes and conversational agents: the
AIDA project case study. Discov Artif Intell. 2021;1(1):4. https://doi.org/10.1007/
s44163-021-00005-1.

[12] Griffin AC, Xing Z, Khairat S, Wang Y, Bailey S, Arguello ], et al. Conversational agents
for chronic disease self-management: A systematic review. AMIA Annu Symp Proc.
2021;2020:504-13.

[13] Washburn M, Bordnick P, Rizzo AS. A pilot feasibility study of virtual patient simula-
tion to enhance social work students’ brief mental health assessment skills. Soc
Work Health Care. 2016;55(9):675-93. https://doi.org/10.1080/00981389.2016.
1210715.

[14] Fernandez-Méndez F, Barcala-Furelos R, Otero-Agra M, Fernindez-Méndez M,
Santos-Folgar M, Rodriguez-Ntiiez A. Evaluacién sobre la técnica de compresiones
tordcicas usando APP. ;Ayudan o entorpecen la reanimacién cardiopulmonar?
Med Intensiva. 2020;44(2):72-9. https://doi.org/10.1016/j.medin.2018.07.015.

[15] Carballo-Fazanes A, Jorge-Soto C, Abelairas-Gémez C, Bello-Rodriguez ],
Fernandez-Méndez F, Rodriguez-Ntiiez A. Could mobile apps improve laypeople

174

American Journal of Emergency Medicine 61 (2022) 169-174

AED use? Resuscitation. 2019;140:159-60. https://doi.org/10.1016/j.resuscita-
tion.2019.05.029.

[16] Aranda-Garcia S, Herrera-Pedroviejo E, Abelairas-Gémez C. Basic life-support learn-
ing in undergraduate students of sports sciences: efficacy of 150 minutes of training
and retention after eight months. Int J Environ Res Public Health. 2019;16(23):4771.
https://doi.org/10.3390/ijerph16234771.

[17] Semeraro F, Greif R, Béttiger BW, Burkart R, Cimpoesu D, Georgiou M, et al. European
resuscitation council guidelines 2021: systems saving lives. Resuscitation. 2021;161:
80-97. https://doi.org/10.1016/j.resuscitation.2021.02.008.

[18] Dong X, Zhang L, Myklebust H, Birkenes TS, Zheng Z-]. Effect of a real-time feedback
smartphone application (TCPRLink) on the quality of telephone-assisted CPR per-
formed by trained laypeople in China: a manikin-based randomised controlled
study. BM] Open. 2020;10(10):e038813. https://doi.org/10.1136/bmjopen-2020-
038813.

[19] Jorge-Soto C, Abilleira-Gonzalez M, Otero-Agra M, Barcala-Furelos R, Abelairas-
Gémez C, Szarpak i, et al. Schoolteachers as candidates to be basic life support
trainers: A simulation trial. Cardiol J. 2019;26(5):536-42. https://doi.org/10.5603/
(J.a2018.0073.

[20] Jorge-Soto C, Fernandez-Méndez F, Gonzalez-Gonzalez Z, Fandifio-Reissmann F,
Otero-Agra M, Barcala-furelos R, et al. A. Football referees as first responders in car-
diac arrest. Assessment of a basic life support training program. Signa Vitae. 2018;14
(2):41-5. https://doi.org/10.22514/SV142.112018.6.


https://doi.org/10.1056/NEJM199308263290902
https://doi.org/10.1056/NEJM199308263290902
https://doi.org/10.2196/20322
https://doi.org/10.1007/s44163-021-00005-1
https://doi.org/10.1007/s44163-021-00005-1
http://refhub.elsevier.com/S0735-6757(22)00585-X/rf0060
http://refhub.elsevier.com/S0735-6757(22)00585-X/rf0060
http://refhub.elsevier.com/S0735-6757(22)00585-X/rf0060
https://doi.org/10.1080/00981389.2016.1210715
https://doi.org/10.1080/00981389.2016.1210715
https://doi.org/10.1016/j.medin.2018.07.015
https://doi.org/10.1016/j.resuscitation.2019.05.029
https://doi.org/10.1016/j.resuscitation.2019.05.029
https://doi.org/10.3390/ijerph16234771
https://doi.org/10.1016/j.resuscitation.2021.02.008
https://doi.org/10.1136/bmjopen-2020-038813
https://doi.org/10.1136/bmjopen-2020-038813
https://doi.org/10.5603/CJ.a2018.0073
https://doi.org/10.5603/CJ.a2018.0073
https://doi.org/10.22514/SV142.112018.6

	Can a voice assistant help bystanders save lives? A feasibility pilot study chatbot in beta version to assist OHCA bystanders
	1. Introduction
	2. Material and methods
	2.1. Participants
	2.2. Design
	2.3. Materials
	2.4. Variables
	2.5. Statistical analysis
	2.6. Ethics

	3. Results
	4. Discussion
	5. Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A. Chatbot conversation flowchart
	References




