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Abstract

Background: Activating citizen responders may increase survival after out-of-hospital cardiac arrest (OHCA) but could induce significant psycho-
logical impact on the citizen responders. We examined psychological impact among citizen responders within the first days following resuscitation
attempt.

Methods and Results: A mobile phone application to activate citizen responders to perform cardiopulmonary resuscitation (CPR) was implemented
in the Capital Region of Denmark. All dispatched citizen responders (September 2017 to May 2019) received a survey 90 minutes after an alarm,
including self-rating of perceived psychological impact on a scale of 1—-4.

Of 5,395 included citizen responders, most (88.6%) completed the survey within 24 hours.

The majority reported no psychological impact (68.6%), whereas 24.7%, 5.5% and 1.2% reported low, moderate, or severe impact, respectively.
Severe impact was more commonly reported in the following groups: No CPR training (3.8% vs 1.2%, p = 0.02), age < 30 years (2.0% vs 0.9%,
p < 0.001), female sex (1.8% vs 0.7%, p < 0.001), provided CPR (2.7% vs 1.0%, p < 0.001), and arrived prior to the emergency medical services
(EMS) (2.8% vs 0.7%, p < 0.001) compared to no to moderate impact.

Chi square test, Mann-Whitney U test, Fischer's exact test and a logistic regression model were used to assess dierences in psychological impact
across groups.

Conclusion: Very few citizen responders reported severe psychological impact. Lack of prior CPR training, younger age, female sex, performing
CPR and arrival prior to the EMS were associated with greater psychological impact. Though very few citizen responders reported severe impact, the
possibility of professional debriefing should be considered in citizen responder programs.

Keywords: OHCA CPR App Citizen responders

Abbreviations: AED, Automated external defibrillator; CPR, Cardiopulmonary resuscitation; EMS, Emergency Medical Services; OHCA, Out-of-
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Introduction

Cardiopulmonary resuscitation (CPR) and use of automated external
defibrillators (AEDs) by bystanders are important determinants of
survival after out-of-hospital cardiac arrest (OHCA)." In Denmark
implementation of a nationwide AED network linked to all emergency
medical dispatch centres have been associated with increased AED
use in public arrests, but AED use for home arrests remains lim-
ited.>® In attempt to increase bystander defibrillation, specifically in
cardiac arrests at home, several communities have implemented cit-
izen responder programs,*® as recommended by the American
Heart Association Resuscitation guidelines.’

An EMS based citizen responder programme was implemented
in the Capital Region of Denmark September 1, 2017. It dispatches
volunteers through the smartphone application (app) HeartRunner to
perform CPR or locate an AED and bring it to the cardiac arrest
location.™®

Very little is known about the psychological impact for volunteer
responders dispatched to assist in resuscitation. Basic life support
training improves CPR skills, but facing a patient with cardiac arrest
contrasts to a clean and predictable course scenario.'’ Previous
studies on lay bystanders’ experiences with OHCA resuscitation
report that bystanders need psychological preparedness and per-
sonal courage to overcome fear when acting in a cardiac arrest situ-
ation.'®'® Barriers to perform resuscitation include concerns about
CPR quality and fear of harming the person in cardiac arrest.'*'®
Some bystanders experience symptoms of post-traumatic stress dis-
order after attempting resuscitation, such as nightmares or flash-
backs.'®>'® Thus, implementing systematic dispatch of volunteers
to assist in resuscitation requires careful evaluation of the degree
of psychological distress dispatched citizen responders may suffer
as well as identifying responders that may need immediate psycho-
logical help to cope with their experience.

This study aimed to evaluate perceived psychological impact in
the first days after being dispatched to OHCA resuscitation in a large
and unselected cohort of citizen responders who were dispatched
through a mobile phone application. Further, we aimed to investigate
what characterizes citizen responders who reported severe psycho-
logical impact including their involvement in the resuscitation
attempt.

Method
Study settings

The study was conducted in the Capital Region of Denmark, com-
prising 1.8 million inhabitants, covering 2,559 km? where approxi-
mately 1,400 OHCAs occur annually.'”” The citizen responder
system HeartRunner© was implemented at the emergency medical
dispatch centre in September 1, 2017. All persons who are at least
18 years of age can register through the app. Prior CPR training is
highly recommended but not required. The system became nation-
wide in May 2020. By the end of the study period (May 14th,
2019), 74,394 people had registered with the program
(1,283/100,000 inhabitants). The system is linked to the national
AED registry which held 20,200 AEDs (348/100,000 inhabitants) in
May 2019.

When a cardiac arrest is suspected, the emergency dispatch cen-
tre activates up to 20 citizen responders in a radius of 1,800 meters
from the cardiac arrest location through the app. The activated citi-
zen responder can either accept or decline the alarm. If the respon-
ders accept the alarm, they will be directed to either retrieve the
nearest accessible AED or straight to the cardiac arrest location to
perform CPR."°

Study design

The data reported in this cross-sectional study were collected from a
survey obtained in the study period September 1, 2017 to May 14,
2019.

All dispatched citizen responders received a follow-up electronic
survey 90 minutes after the alarm of presumed cardiac arrest.
Responders who did not answer the survey were contacted by text
message and encouraged to complete the survey. The survey was
developed by three researchers and was inspired by existing citizen
responder systems.” The survey consists of 19 items in Danish, to
explore the citizen responders’ contribution in the resuscitation situ-
ation. The first section inquired if and how the citizen responders
arrived at the cardiac arrest location, if they arrived before the
EMS and if they brought an AED. Subsequently, citizen responders
were asked questions related to the resuscitation attempt. For most
questions, a free-text field was available to elaborate answers.

Finally, we constructed a scale specifically to measure the self-
perceived degree of psychological impact. The scale was evaluated
by an experienced psychologist with expertise in trauma and ranged
from 1 to 5, with both 4 and 5 being severely affected with and with-
out need for follow-up by healthcare personnel, respectively. Further,
few response categories tend to be easier for respondents to use.'®
The survey is available in appendix, A1: “One could experience psy-
chological impact when helping with cardiac arrest resuscitation.
What psychological impact did the experience have on you?”: 1) |
was not affected, 2) Mildly affected, 3) Moderately affected, 4)
Severely affected, but no need for follow-up by healthcare personnel,
5) Severely affected, with need for follow-up by healthcare person-
nel. Answer 4 and 5 both correspond to severe psychological impact,
with the only difference being need for follow-up. Respondents who
reported a severe degree of psychological impact in the survey were
offered debriefing by a health care professional by telephone approx-
imately 24-72 hours after the episode. Citizen responders who
received debriefing were encouraged to contact the debriefing team
in case of any further need of follow-up. Citizen responders were also
asked if they wish to continue as citizen responders.

Study population and data sources

Information about the citizen responders’ demographics was
obtained from self-reported data in the app. This information com-
prises professional background, time since last first aid course,
age, and sex. All registered citizen responders who accepted an
alarm within the study period and completed the survey question
about psychological impact were included in the study. If a citizen
responder accepted an alarm more than once, only the first event
was included.

Data from debriefing from October 2018 to December 2019 were
also included in this study.

Downloaded for Anonymous User (n/a) at Aalborg University Hospital from ClinicalKey.com by Elsevier on September 29,
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Study outcome

The primary study outcome was severe psychological impact. A bin-
ary outcome variable named “severe psychological impact versus no
to moderate psychological impact” was constructed. Severe psycho-
logical impact comprised citizen responders who reported 4 or 5 on
the survey item, where no to moderate psychological impact con-
sisted of citizen responders answering 1-3 on the item.

Statistics

We present categorical variables as proportions and percentages
and continuous variables as medians with interquartile boundaries.
Mann-Whitney U test was used to compare age differences
between responders with severe versus no severe psychological
impact. This test was applied since the age distribution in the study
sample was not normally distributed. A chi-square test was used to
examine severe psychological impact in relation to other variables
(age, sex, profession, time since first aid course, time of day acti-
vation, arrival prior to EMS, AED attachment and defibrillation, pro-
vision of CPR). Fisher’s exact test was used when appropriate. The
associations between the exposure variables (age, sex, profession,
arrival prior to EMS, AED use and provision of CPR) and the out-
come of psychological impact were analysed by logistic regression
and presented as unadjusted odds ratios with 95% confidence
intervals (OR, 95% CI). Results were considered significant as
two-sided p-value less than 0.05. SAS Enterprise Guide version
7.1 for Windows and R studio were used to manage and analyse
data.

Ethics and approvals

This study used data derived from the citizen responder survey in the
Capital Region of Denmark. At registration, citizen responders gave
their consent to allow their information to be registered and used.
Cardiac arrest data were accessed through the Danish Cardiac
Arrest Register for which approval from the National Board of Health,
Journal-nr.:R-20051145, was obtained. Approval from Danish Data
Protection Agency j.nr.. 2012-58-0004 and P-2021-82, project
HeartRunner was obtained to store data.

Results
Citizen responder characteristics

As presented in Fig. 1, 7,102 citizen responders accepted the alarm
(55.9%) of which 5,804 answered the survey (response rate 81.7%)
and 5,395 (75.9%) answered the question regarding psychological
impact and were included in the study. Most completed the survey
within 24 hours (88.6%), median age was 38 (Q1: 28, Q3: 48) years,
half were female (48.5%), and one third were health care profession-
als (30.5%). Characteristics of included citizen responders are pre-
sented in Table 1. In total, 5,356 (99.1%) had completed a first aid
course and more than half (53.2%) had completed a course within
the latest year before registration. The 5,395 included citizen respon-
ders were dispatched to 1,290 presumed cardiac arrests of which
791 (61.3%) were true cardiac arrests. Cardiac arrest characteristics
are available in Appendix, Table A2.

7,102

Citizen responders accepted the alarm (55.9%)

1,298
> Missing survey response

(18.3%)

5,804

Citizen responders answered the survey (81.7%)

409

A,

Missing response on psychological
impact (7.1%)

5,395
Citizen responders were included in the study
population

v v

v v

3,700 (68.6%)
Reported no
psychological impact

1,334 (24.7%)
Reported low
psychological impact

294 (5.5%)
Reported moderate
psychological impact

67 (1.2%)
Reported severe
psychological impact

Fig. 1 - Citizen Responder Flowchart.
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Table 1 - Characteristics of all included (n = 5,395) citizen responders in the Capital Region of Denmark in the

period September 1 th 2017 to May 14th, 2019.

Severe impact!, Moderate impact®, Low impact®,
n = 294 (5.5%)

n = 67(1.2%)

No impact®, Overall,
n = 1,334 (24.7%) n = 3,700 (68.6%) n = 5,395

Age, median (Q1,Q3) years 29 (23,44) 40 (27,49) 38 (27,49) 38 (29,48) 38 (28,48)
Sex, female, n (%)t 48 (71.6) 144 (48.9) 720 (53.9) 1,707 (46.1) 2,619(48.5%)
Professiont
Healthcare professional, n (%) 16 (23.8) 50 (17.0) 306 (22.9) 1,274 (34.4) 1,646 (30.5%)
Police/ambulance personnel/firefighter, 1(1.5) 11 (3.7) 65 (4.8) 462 (12.5) 539 (9.9%)
n (°/o)
Student, n (%) 19 (28.4) 46 (15.6) 226 (16.9) 426 (11.5) 717 (13.3%)
Other, n (%) 31 (46.3) 187 (63.6) 737 (55.2) 1,538 (41.6) 2,493 (46.2%)
Time since first aid course
No course, n (%) 2 (2.9) 7 (2.4) 14 (1.0) 30 (0.8) 53 (0.9%)
<1 year, n (%) 34 (50.7) 132 (44.9) 652 (48.8) 2,050 (55.4) 2,868 (53.2%)
1-2 years, n (%) 18 (26.9) 64 (21.7) 311 (23.3) 847 (22.9) 1,240 (23.0%)
2-5 years, n (%) 12 (17.9) 76 (25.8) 303 (22.7) 627 (16.9) 1,018(18.9%)
>5 years, n (%) 1(1.5) 15 (5.1) 54 (4.0) 146 (3.9) 216 (4.0%)
Time from accepted mission until
answered survey
Within 24 hours, n (%) 63 (94.0) 222 (75.5) 1,129 (84.6) 3,301 (89.2) 4,715(87.4)
From 24 hours to 1 week, n (%) 3 (4.5) 69(23.5) 198(14.8) 391 (10.6) 661(12.2)
More than 1 week, n (%) 1(1.5) 3(1.0) 7(0.5) 8(0.2) 19(0.3)
Age below 30 years of age 33 (49.2) 87 (29.6) 442 (33.1) 1,048 (28.3) 1,610 (30.4)
Arrived before the EMS 36 (53.7) 144 (48.9) 425 (31.7) 668 (18.1) 1,273 (23.6)
Performed CPR 18 (26.9) 84 (28.6) 229 (17.2) 333 (9.0) 664 (12.3)
Used an AED 18(26.9) 83 (28.2) 222 (16.6) 315 (8.5) 638 (11.8)
Involved with a patient who received ROSC 17 (25.4) 62 (21.1) 297 (22.3) 746 (26.2) 1,122 (20.8)
Arrived at a cardiac arrest in a private home 35 (52.2) 169 (57.5) 702 (52.6) 1,857 (50.2) 2,763 (51.2)
Arrived at a true cardiac arrest 46 (68.6) 210 (71.4) 867 (64.9) 2,247 (60.7) 3,370 (62.4%)

ROSC = Return of Spontaneous Circulation.

CPR = Cardiopulmonal resuscitation.

EMS = Emergency Medical Services.

1 Severe psychological impact, reflecting scores 4 or 5 on the survey.
2 Moderate psychological impact, reflecting a score of 3 on the survey.
3 Low psychological impact, reflecting a score of 2 on the survey.

4 No psychological impact, reflecting a score of 1 on the survey.

Citizen responder involvement in OHCA

Overall, 12.3% of citizen responders reported they performed CPR of
whom 57.4% performed chest compressions only (without ventila-
tion), 4.1% gave rescue breaths, and 38.5% performed both.

A total of 4,574 (84.8%) citizen responders arrived at the car-
diac arrest location, of whom 1,273 (23.6%) arrived before EMS.
Of citizen responders arriving before EMS, 43.8% reported they
performed CPR and 49.9% reported they attached an AED on
the cardiac arrest patient. Citizen responders who arrived before
EMS reported the following reasons for not initiating resuscitation
or performing CPR: bystander CPR performed by another person
(50.5%), patient did not have cardiac arrest (13.7%), patient awake
(12.3%), or patient having definite signs of death (3.6%) or other
reasons (19.9%).

Psychological impact

A minority of citizen responders reported severe psychological
impact (n = 67, 1.2%). Citizen responders who were dispatched to
a true cardiac arrest were more likely to report severe psychological
impact compared with citizen responders who were dispatched to a
presumed cardiac arrest (1.4% vs 1.0%, p = 0.001). There was no

association between return of spontaneous circulation and severe
psychological impact.

Characteristics of those who experienced severe
psychological impact

Fig. 2 and 3 present severe psychological impact according to citizen
responder characteristics. Among citizen responders who reported
severe impact, significantly more were of female sex (71.6%,
p = 0.006), and significantly younger (median age 29 years vs
38 years, p = 0.001) compared to those who reported no to moderate
impact. Of 67 citizen responders reporting severe psychological
impact, 16 (23.8%) were healthcare professionals while only one
(1.5%) was police/ambulance personnel/firefighter and 19 (28.4%)
were students. This distribution differs from those reporting no
impact where 34,4% were healthcare professionals, 11.5% police
officers/ambulance personnel/firefighters, and 12.5% students (p=
<0.001). Regarding citizen responders without a first aid course,
3.8% reported severe impact versus 1.2% of citizen responders with
a completed first aid course within the latest year (p = 0.02).

As presented in Fig. 2, citizen responders who arrived at the car-
diac arrest scene prior to the EMS were more likely to report severe
impact (2.8%) compared with those who arrived after the EMS

Downloaded for Anonymous User (n/a) at Aalborg University Hospital from ClinicalKey.com by Elsevier on September 29,
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.
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Psychological Impact According to Citizen Responder Arrival, Provision of CPR and First Aid Course
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Fig. 2 - Psychological Impact According to Citizen Responder Arrival, Provision of CPR and First Aid Course.

Psychological Impact According to Citizen Responder Demographics
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Fig. 3 - Psychological Impact According to Citizen Responder Demographics.

(0.7%) (p=<0.001). Univariate logistic regression model (Fig. 4) found
citizen responder arrival prior to the EMS associated with an increased
risk of severe psychological impact (OR: 3.8, 95% Cl 2.37-6.23).

As presented in Fig. 2, citizen responders who performed CPR
more often reported severe psychological impact than those who
did not perform CPR (1.0% vs 2.7%, p < 0.001). CPR performance
was associated with severe psychological impact (OR: 2.6, 95% CI
1.54-4.60), Fig. 4.

Citizen responders’ willingness to continue

Only six citizen responders (<1%) in the study population reported
they did not wish to continue in the citizen responder programme
after being dispatched to an OHCA. None of those reported severe
psychological impact, while two reported moderate impact. Only
two of the six citizen responders not willing to continue arrived at

the scene of cardiac arrest, and none of them performed CPR or
used an AED.

Non-responders

Non-responders were younger than the study population (34 vs
38 years) and comprised more students (18.2% vs 13.2%). Non-
responder characteristics are available in Appendix, Table A2.

Citizen responders who received debriefing

A total of 49 citizen responders who stated severe psychological
impact in the survey received debriefing. Moreover, six citizen
responders contacted the debriefing team by themselves without
reporting severe impact in the survey. Of the 55 citizen responders
who received debriefing, one person was considered at risk of

Downloaded for Anonymous User (n/a) at Aalborg University Hospital from ClinicalKey.com by Elsevier on September 29,
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N (%) Odds ratio (95% Cl)

Female sex, 48 (71.6%) 2.71[1.59, 4.62]
Age <30 years, 33 (49.2%) e — 2.31[1.42,3.74]
Healthcare professional, 16 (23.8%) —— 0.71[0.40, 1.25]
Police/Amb./Firefighter, 1 (1.5%)  +e—— 0.13[0.02, 0.97]
Student, 19 (28.4%) 2.63 [1.53, 4.49]
Other, 31 (46.3%) —— 1.00[0.62, 1.63]
Arrival before EMS, 36 (53.7%) 3.84 [2.37, 6.23]
CPR, 18 (26.9%) 2.66 [1.54, 4.60]
AED use, 18 (26.9%) 2.79[1.61, 4.82]

r T T T T T 1

0 1 2 3 4 5 6 74

QOdds ratio [95% CI]

Fig. 4 - Forest plot presenting unadjusted odds ratios (OR) of the associations between severe psychological impact
(4-5 on the survey) and citizen responder demographics and involvement in the resuscitation attempt.

post-traumatic stress symptoms and recommended to seek profes-
sional follow-up.

Discussion

This study of short-term psychological impact in a large cohort of cit-
izen responders activated through a smartphone app to suspected
OHCA found that only 1.2% reported severe psychological impact
and only few did not wish to continue as citizen responders.

Citizen responders who were younger than 30 years, female,
non-healthcare professionals, who had taken part in the resuscitation
attempt, or who had not previously completed a CPR course were
more likely to report severe impact. This study shows that citizen
responders should be informed that some persons may experience
psychological distress after responding to an alarm. This study also
indicates that debriefing should be offered to dispatched citizen
responders.

Alerting volunteer citizen responders with app-technology is
implemented worldwide.* In 2020, the American Heart Association
and European Resuscitation Council recommended the implementa-
tion of citizen responder programs while acknowledging the low level
of evidence available, including the need to assess citizen respon-
ders’ reactions to dispatch.®'® Very few citizen responder pro-
grammes systematically follow up on citizen responders’
psychological well-being (5 out of 25 citizen responder systems).*
Our study adds important information to the existing literature by pre-
senting results from a complete cohort of citizen responders. We
found that very few reported severe psychological impact despite
no requirement of completed CPR training prior to registration. To
date, only one previous study has evaluated the perceived short-
term psychological impact on citizen responders dispatched to an
OHCA through a mobile phone application.?° They found a high pro-
portion of severe short-term psychological impact (13%) compared
to the current study (1.2%). Importantly, the study did not include a
complete cohort of citizen responders and only included the first cit-
izen responder at the scene, while we report data from all activated
citizen responders in the program. It is important to note that none of
the citizen responders in the Dutch study suffered long-term severe

stress.?° Compared with the Dutch study, a lower proportion of citi-
zen responders in our cohort reported severe impact even though
our program does not require CPR training prior to registration and
only about one-third of our citizen responder population had a profes-
sional background as healthcare provider/police/firefighter compared
with 42% in the Dutch cohort. This indicates stricter criteria such as
prior CPR training or professional background for registration are
unlikely to prevent psychological distress. Further, 99% reported
they were willing to continue as citizen responders even if they
reported severe psychological impact. None of those who chose to
exit the program reported severe impact. In our cohort, only one per-
son needed further support from a psychologist after debriefing with
our team.

Although very few citizen responders reported severe impact, it
seems important to offer the opportunity to connect with a profes-
sional who can answer questions or address their concerns, as also
reported previously.?" In our cohort, age under 30 years, female sex,
arriving prior to EMS, participating in resuscitation attempt and
absence of prior training were associated with greater likelihood of
psychological distress. It is currently unknown to which extent these
findings are generalizable and studies from other citizen responder
programs are needed. Nevertheless, it has previously been reported
that citizen responders who arrive at the cardiac arrest scene prior to
EMS were confronted complex decision making which may require
preparation and support.??

Gaining and sharing knowledge of the potential psychological
consequences when attending resuscitation is important when
preparing volunteers for possible emotional reactions after attempt-
ing resuscitation. The Danish citizen responder program has
included information on how to prepare for a mission as well as pos-
sible psychological reactions and coping mechanisms on their web-
site.?®> All citizen responders are encouraged to look through this
information prior to registration.

Limitations
This study use data from a large citizen responder survey with a

diverse range of participants in the Capital Region of Denmark. A
certain degree of selection bias cannot be ruled out as only citizen
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responders answering the question regarding psychological impact
are included in the study population. There is a possibility some
may have suffered higher degree of psychological distress than
those captured in this study. However, if that was the case it would
be expected that a higher proportion of persons who have accepted
an alarm would leave the program, which has not been the case. The
survey was sent to citizen responders only 90 minutes after resusci-
tation attempt. The immediate psychological impact might not reflect
how citizen responders overall perceive their psychological condition
in the aftermath of being dispatched to OHCA. However, Zijlstra and
colleagues found that symptoms of long-term stress were very rare
4-6 weeks after attempted resuscitation.?® Accuracy of self-
perceived psychological impact might be increased if supplemented
with psychological stress response symptoms such as trouble sleep-
ing or flash backs. However, existing validated scales for measuring
psychological distress such as the Impact of Event Scale, the Clinical
administered PTSD Scale, or the Perceived Stress Scale were not
applicable in our study as they are constructed to measure long-
term impact, symptoms of post-traumatic stress disorder, or non-

specific stress rather than immediate impact.>*

Conclusion

Among a large cohort of dispatched citizen responders, very few
reported severe psychological impact. Lack of prior CPR training,
younger age, female sex, performing CPR, and arrival prior to
EMS were associated with severe impact. Although very few citizen
responders reported severe impact, it seems important to offer the
opportunity to connect with a professional who can answer questions
or address their concerns.
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