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Abstract

Introduction

The deployment of first responders in a public place is one of the interventions that is used
for increasing bystander cardiopulmonary resuscitation (CPR) of out-of-hospital cardiac
arrests (OHCA). We studied the association between the presence of a first responder and
the survival of OHCA that occurred during a period of exercise in a public place.

Methods

All of the adult OHCAs of a presumed cardiac etiology that occurred during a period of exer-
cise in a public place and that were witnessed by a bystander between 2013 and 2015 were
analyzed. The main exposure of interest was the characteristics of the bystander (first
responder vs. layperson). The endpoints were the provision of bystander CPR and good
neurological recovery. Multivariable logistic regression analysis, adjusting for patient-envi-
ronment and prehospital factors, was performed.

Results

A total of 870 patients had a cardiac arrest during a period of exercise in a public place, and
58 (6.7%) patients were witnessed by the first responder. The OHCAs witnessed by first
responders were more likely to result in bystander CPR than those witnessed by laypersons
(89.7% vs. 75.4%, p=0.01, adjusted OR (95% ClI): 3.51 (1.44-8.55)). In terms of good neu-
rological recovery, the OHCAs witnessed by first responders had a higher likelihood than
the patients witnessed by laypersons (37.9% vs, 24.0%, p = 0.02, adjusted OR (95% ClI):
2.92 (1.33-6.40)).
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Conclusion

The OHCASs occurred during a period of exercise in a public place and whom first respond-
ers witnessed were more likely to receive bystander CPR and to have a neurologically intact
survival.

Introduction

Out-of-hospital cardiac arrest (OHCA), which has a high incidence and low survival rate, is
one of the most important public health issues [1]. In particular, OHCA that occurs during a
period of exercise has been frequently highlighted by the media when the victim is a famous
sports athlete and collapsed during a game. OHCA that occurs during a period of exercise is
not as frequent as cardiac arrest that occurs during other activities, in which the proportions
vary from 2% to 12% according to the communities [2-4]. However, the majority of OHCAs
that occur during a period of exercise occurred in a relatively younger and physically active
population [2-5]. Therefore, the burden of disease of OHCA that occurs during a period of
exercise, including economic costs, are enormous, although the prognosis and survival out-
comes are relatively better in these patients than in those who suffer from an arrest while
engaging in other activities [2-6].

The majority of OHCAs that occur during a period of exercise were witnessed and had
shockable rhythm for primary cardiac rhythm at the scene. Therefore, providing early
bystander cardiopulmonary resuscitation (CPR) and defibrillation is crucial for the enhance-
ment of neurological and survival outcomes [2-4, 6]. Several evidence-based strategies were
developed and implemented to increase bystander CPR and to shorten the time from collapse
to first chest compression and defibrillation, such as a mass CPR training program, dis-
patcher-assisted bystander CPR, mobile-phone dispatch of a trained layperson, and public
access defibrillation (PAD) in a public place or in sports facilities [7-9].

One of these strategies is the designation and training of first responders; by designating
and deploying well-trained first responders who can easily identify cardiac arrest that occurs
during exercise, they would be able to quickly provide CPR and defibrillation when a cardiac
arrest occurs and increase patient survival and favorable neurologic outcomes [7, 10-12].
However, the effect of the designation of and training program for first responders on the sur-
vival outcomes for OHCA that occurs during a period exercise in a public place has not yet
been elucidated.

We hypothesize that a cardiac arrest patient whose arrest is witnessed by the first responder
would be associated with a higher likelihood of the provision of bystander CPR and neurologi-
cally intact survival after OHCA than a patient whose arrest is witnessed by laypersons. The
aim of this study was to evaluate the association between the characteristics of the witnessing
bystanders (first responder vs. laypersons) and the provision of bystander CPR for OHCA
patients who undergo an incident during a period of exercise in a public place.

Methods
Study design, setting, and data source

In Korea, the regulations of the national Emergency Medical Services (EMS) Act, which was
implemented in 2004, designated first responders to encourage first aid for the citizens’ health
and safety. First responders include firefighters, police officers, sports facility managers and
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sports instructors, safety guards of national parks, lifeguards, school health teachers, workplace
safety employees, managers of nursing homes, public transportation vehicle drivers, and apart-
ment safety guards in towns with more than 500 houses. Since 2005, first responders have
been required to complete regular CPR and AED training every year via at least one two-hour
course. The Ministry of Health and Welfare financially support the CPR and AED training
program according to the EMS Act, and 112,935 first responders participated in the CPR train-
ing course from 2013 to 2015 (of the approximately 50 million persons in the population).
Most places where first responders work or live are also mandatory sites for PAD programs, as
designated by the EMS Act [12].

The EMS system is exclusively operated by the National Fire Department. EMS providers
can perform CPR with an automated external defibrillator (AED) and cannot stop CPR unless
the patient returns to having spontaneous circulation in the field or during transport to a hos-
pital. All EMS-assessed patients are transported to an emergency department (ED). EMS pro-
viders should perform CPR for all EMS-assessed OHCA patients unless there are definitive
signs of death that are confirmed by direct medical control with a physician. There are ap-
proximately 460 EDs, which are designated by the Ministry of Health and Welfare, and they
generally perform acute cardiac care and post-resuscitation care in accordance with the Inter-
national Standard Guidelines [13].

This is a cross-sectional study that uses a nationwide, prospective registry of OHCAs in
Korea. The data were retrieved from the following four sources: EMS run sheets for basic am-
bulance operation information, EMS cardiac arrest registry and dispatcher CPR registry for
the Utstein factors, and the National OHCA registry for hospital care and outcomes, which is
extracted from hospital medical records by the Korea Centers for Disease Control and Preven-
tion (CDC). The EMS providers record the EMS run sheets and cardiac arrest registry for all
of the EMS-assessed OHCAs. The medical record reviewers from the Korea CDC (approxi-
mately 15 reviewers) extracted clinical information using structured forms based on the
Utstein template from the medical records of all OHCA patients who were transported to EDs
by EMS providers [14]. A quality management committee composed of representatives from
the fire department, emergency physicians, epidemiologists, statistical experts, and medical
record review experts ensured the quality of the medical record review processes. The quality
management committee educated all of the medical record reviewers prior to joining the proj-
ect, provided a standard manual for data abstraction, provided feedback to the reviewers on a
monthly basis, and provided consultations in equivocal cases, as needed. A detailed description
of Korea EMS system and quality control of the National OHCA registry are described in ear-
lier studies [12, 13, 15, 16].

Study population

This study included all EMS-treated patients with OHCAs of a presumed cardiac etiology who
were 18 years of age or older on the day of the incident and whose event occurred during a
period exercise in a public place and was witnessed by laypersons or first responders between
January 2013 and December 2015. Information on the place of arrest was identified by EMS
providers at the scene, and information on the specific activity in which the patient engaged at
the time of, or immediately prior to, the arrest was ascertained from the medical record review.
The OHCA during a period exercise in a public place was defined as the physical activity at the
time of the incident and was one of the following: bicycling, conditioning exercises, dancing,
fishing and hunting, engaging in sports, walking, running, water activities, and winter activi-
ties [2, 17]. Cases that had missing information regarding the neurological status at hospital
discharge were excluded.
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Main outcomes

The primary outcome of this study was the provision of bystander CPR, as identified by EMS pro-
viders at the scene. The secondary outcomes were a good neurological recovery and survival at
discharge from the hospital, as identified by a medical record review. Good neurological recovery
was recorded if the patient had a cerebral performance category score of 1 (good cerebral perfor-
mance) or 2 (moderate cerebral disability; able to perform daily activities independently).

Measurements

The main exposure of interest was the bystanders, which was separated into two categories: (1)
the first responders included police officers, sports facility managers and sports instructors,
and other first responders who were designated by the EMS Act, and (2) laypersons included
family members, friends or colleagues, and other laypersons, including nearby strangers who
were not first responders. EMS providers classified and recorded the characteristics of
bystanders (laypersons or first responders), and if the bystanders were laypersons, then they
collected the relationship between the bystanders and the victim at the scene (family members,
friends, or strangers).

We collected information on the age, gender, past medical history (hypertension, diabetes
mellitus, heart disease, and stroke), residential area (metropolitan city), the metabolic equiva-
lent of task (MET) score of the physical activities, time and season of the arrest, bystander
CPR, time intervals from arrest to initial chest compression, type of primary cardiac rhythm
identified at the scene (shockable or nonshockable rhythms), pre-hospital defibrillation by
bystanders or EMS providers, response time interval from the call to the arrival of the ambu-
lance at the scene, ROSC upon arrival in the ED, and post-resuscitation care.

Statistical analysis

To determine the associations of the characteristics of bystander (first responders vs. layper-
sons) with the study outcomes, adjusted odds ratios (ORs) with 95% confidence intervals (95%
ClIs) of the study endpoints were calculated using multivariable logistic regression analysis.
The model was adjusted for potential confounders, including patient-environment factors
(age (adults vs. elderly), gender, past medical history (hypertension, diabetes mellitus, heart
disease, and stroke), residential area (metropolitan city vs. urban and rural area), MET score of
exercise at the time of the arrest (0-3 vs. 3-6 vs. 6-50), and time and season of the arrest) and
EMS factors (type of primary cardiac rhythm on ECG identified at the scene (shockable vs.
nonshockable rhythms) and EMS response time (<8 min vs. >8 min)). All of the variables in
the final model were assessed for multicollinearity, which was not detected in this analysis.

All of the statistical analyses were performed using SAS software, version 9.4 (SAS institute
Inc., Cary, NC, USA).

Ethics statements

This study complied with the Declaration of Helsinki, and its protocol was approved by the
Seoul National University Hospital Institutional Review Board with a waiver of informed con-
sent (IRB No.: 1103-153-357).

Results
Demographic findings

Among the 83,083 EMS-assessed patients who underwent OHCAs, 870 patients were included
in the final analysis. We excluded patients who were younger than 18 years of age (n = 1,689),
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who had a non-cardiac etiology (n = 22,030), whose arrest was not witnessed by bystanders
(n = 35,428), who did not receive resuscitation efforts by EMS providers (n = 2,316), whose
arrest occurred during other activities than exercise (n = 20,197), and whose arrest occurred in

a private place or ambulance (n = 553; Fig 1).

Of the 870 eligible study patients, 58 (6.7%) patients were witnessed by first responders and
812 (93.3%) were witnessed by laypersons. The provision of bystander CPR and defibrillation
were more frequent in the first responder group than the layperson group (CPR: 89.7% vs.
75.4%, p = 0.01; defibrillation: 10.3% vs. 3.3%, p = 0.02). Shockable cardiac rhythm presented

4 )
EMS-assessed OHCA (2013—2015)
X N = 83,083 )
4 - N\
Adult OHCA
: N = 81,394 )
( - )
Presumed cardiac etiology
L N = 59,364 )
r - )
Witnessed by a bystander
L N = 23,936 )
- Y. N i
EMS-treated OHCA
N = 21,620
. J
r - ) ]
Exercise-related OHCA
L N =1,423 )
r - 3 ]
Finally enrolled
L N =870 )

<18-year-old, n = 1,689

Non-cardiac etiology, n = 22,030

Witnessed by an EMS provider or
Unwitnessed arrests, n = 35,428

CPR not performed, n = 2,316

Other activities, n = 20,197

Private place or ambulance, n = 553

Fig 1. Study population. EMS: emergency medical service; OHCA: out-of-hospital cardiac arrest; CPR: cardiopulmonary resuscitation.

https://doi.org/10.1371/journal.pone.0193361.9001
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at the scene was shown in 50.0% of the first responder group and 55.9% of the layperson group
(p =0.38), and survival to discharge rates were 37.9% and 24.0% in the first responder and the
layperson groups (p = 0.08), respectively. A good neurological recovery rate was higher in the
first responder group than in the layperson group (41.4% vs. 30.4%, p = 0.02) (Table 1).

Among the 58 OHCAs that occurred during a period exercise in a public place and whose
arrest was witnessed by the first responder, half (n = 29) of them were witnessed by sports facil-
ity managers or sports instructors, while a quarter (n = 14) of them were witnessed by police
officers. Good neurological recovery rates were 48.3% in the sports facility manager group,
21.4% in the police officer group, and 33.3% in the other first responder group. Among the
812 OHCAs that were witnessed by laypersons, 17.2% were witnessed by family members, and
34.7% were witnessed by friends or colleagues. Bystander CPR was performed in 58.6% of the
OHCAs witnessed by family members, 83.7% of those by friends, and 75.4% of those by other
laypersons. A good neurological recovery rate was evidenced in 15.7% in the family members
group, 30.9% in the friends group, and 22.1% in the other laypersons group (Table 2).

First responder vs. layperson in survival outcomes

Multivariable analysis showed that the OHCA patients whose event was witnessed by a first
responder were more likely to receive bystander CPR and have good neurological recovery
compared to patients whose arrest was witnessed by a layperson. Adjusting for the patient-
environment and EMS factors, the adjusted ORs (95% ClIs) for the provision of bystander CPR
and good neurological recovery in the first responder group compared with the laypersons
group were 3.51 (1.44-8.55, p <0.01) and 2.92 (1.33-6.40, p <0.01), respectively. In terms of
survival to hospital discharge, there was no significant difference between the two groups
(adjusted ORs (95% CI): 2.00 (0.98-4.07); p = 0.06) (Table 3). The full results of the multivari-
able analysis are shown in the S1 Table.

Discussion

We observed significant associations between the bystander characteristics (first responder or
layperson) with a subsequent prognosis for the OHCA patients whose event was witnessed
and occurred during a period of exercise in a public place. Deployment of a trained first
responder increased the frequency of the provision of bystander CPR and neurologically intact
survival. Our results emphasize that the designation and deployment of a well-trained first
responder in public places would be a strong intervention for the neurological recovery of
patients whose cardiac arrest occurs during a period exercise.

Designation and deployment of the first responder

Prognosis and survival outcomes after cardiac arrest are affected by the time from the collapse
to the first chest compression. Therefore, many evidence-based strategies were developed and
implemented for providing timely high-quality bystander CPR. While the bystander CPR rate
has improved considerably in the last several years, the provision of bystander defibrillation
remained low and whether the quality of bystander CPR has improved is also doubtful [18-
20]. Designating well-trained first responders by the national government and deploying
them where cardiac arrest frequently occurs should aim to provide high-quality CPR and defi-
brillation in a timely manner to patients who suffer from cardiac arrest [21, 22]. Among the
OHCAs that occurred during a period of exercise in a public place in this study, the patients
who were witnessed by a first responder had a higher likelihood of receiving bystander CPR
(89.7% vs. 75.4%) and defibrillation (10.3% vs. 3.3%) and were more likely to receive early ini-
tial chest compression (median 0 min vs. 2 min) compared to those who were witnessed by a
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Table 1. Demographic and clinical characteristics of the bystanders.

Total First responder Layperson p-value
N % N % N %
Total 870 58 6.7 812
Gender 0.36
| Male 754 86.7 48 82.8 706 86.9
Age (years) 0.95
18-64 582 66.9 39 67.2 543 66.9
>65 288 33.1 19 32.8 269 33.1
Median (IQR) 57.9 (49.8-68.8) 55.2 (43.7-68.0) 57.9 (50.3-69.2) <0.01
Past medical history
Diabetes mellitus 138 15.9 7 12.1 131 16.1 0.41
Hypertension 272 31.3 17 29.3 255 31.4 0.74
Heart disease 176 20.2 10 17.2 166 20.4 0.56
Stroke 38 4.4 1 1.7 37 4.6 0.51
Residential area 0.22
Metropolitan 413 47.5 32 55.2 381 46.9
MET score <0.01
0-3 104 12.0 5 8.6 99 12.2
3-6 426 49.0 43 74.1 383 47.2
>6 340 39.1 10 17.2 330 40.6
Median (IQR) 4.8 (3.5-7.0) 3.5(3.5-5.5) 5.0 (3.5-7.0) <0.01
Time of arrest 0.57
| Daytime 671 77.1 43 74.1 628 77.3
Season of arrest 0.83
Spring 246 28.3 19 32.8 227 28.0
Summer 191 22.0 13 22.4 178 21.9
Autumn 235 27.0 15 259 220 27.1
Winter 198 22.8 11 19.0 187 23.0
Bystander CPR 0.01
Chest compression 664 76.3 52 89.7 612 75.4
Time from arrest to initial chest compression
Available value, n 746 | 85.7 51 87.9 695 85.6
Median (IQR), min 2 (0-7) 0(0-3) 2 (0-7) <0.01
Primary cardiac rhythm at the scene
| Shockable 483 55.5 29 50.0 454 55.9 0.38
Prehospital defibrillation
By an EMS provider 541 62.2 34 58.6 507 62.4 0.56
By a bystander 33 3.8 6 10.3 27 3.3 0.02
EMS response time (min) <0.01
0-4 63 7.2 6 10.3 57 7.0
4-8 339 39.0 32 55.2 307 37.8
8-12 210 24.1 13 22.4 197 24.3
>12 258 29.7 7 12.1 251 30.9
Median (IQR) 8(5-13) 7 (5-8) 8 (6-14) 0.82
Post-resuscitation care
Reperfusion therapy 133 15.3 13 22.4 120 14.8 0.12
Therapeutic hypothermia 72 8.3 8 13.8 64 7.9 0.13
Survival outcomes
(Continued )
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Table 1. (Continued)

Total First responder Layperson p-value
N % N % N %
ROSC on arrival in the ED 262 30.1 26 44.8 236 29.1 0.01
Survival to discharge 271 31.1 24 41.4 247 30.4 0.08
Good neurological recovery 217 24.9 22 37.9 195 24.0 0.02

MET: metabolic equivalent of task; IQR: interquartile range; CPR: cardiopulmonary resuscitation; EMS: emergency medical services; ED: emergency department;
ROSC: return of spontaneous circulation.

https://doi.org/10.1371/journal.pone.0193361.t001

layperson. This study demonstrated an approximately threefold benefit for a favorable neuro-
logical recovery (adjusted OR: 2.92 (1.33-6.40)) for OHCAs witnessed by a first responder
compared with those witnessed by a layperson. In a previous study, the best outcomes in
bystander CPR and defibrillation have been observed in settings where a network of well-
trained first responders and EMS providers responded rapidly and appropriately to an OHCA
patient [21, 22]. However, the survival outcomes of the OHCAs witnessed by the first respond-
ers varied widely depending on the types of responders, which may be due to the various skill
sets of different first responders. By increasing the number of first responders designated by
law to be continuously trained and educated to maintain knowledge and skills, deploying
them in places with a high incidence of cardiac arrest, and building a network of EMS provid-
ers, the number of patients who receive timely high-quality CPR and defibrillators will
increase, and this will eventually lead to better survival and neurological outcomes.

Cardiac arrests occurred during period exercise in public place

Since a healthy lifestyle that includes daily physical activity, weight management, and a bal-
anced diet is recommended to reduce the risk of cardiovascular disease, the population that is
enjoying physical exercise, including jogging and physical training in sports facilities, is
increasing [23]. However, it is well known that the risk of an acute cardiac event, including
sudden cardiac arrest, is transiently increased during or shortly after vigorous physical activity

Table 2. Study outcomes according to the bystanders.

Total Bystander CPR Bystander ROSC on arrival in Survival to Good neurological
defibrillation the ED discharge recovery
N N % N % N % N % N %
Total 870 664 76.3 33 3.8 262 30.1 271 31.1 217 24.9
First responder
Total 58 52 89.7 6 10.3 26 44.8 24 41.4 22 37.9
Sport facility managers 29 26 89.7 3 10.3 15 51.7 15 51.7 14 48.3
Police officers 14 11 78.6 1 7.1 5 35.7 4 28.6 3 214
Other first responders 15 15 100.0 2 13.3 6 40.0 5 33.3 5 33.3
Layperson
Total 812 612 75.4 27 33 236 29.1 247 30.4 195 24.0
Family members 140 82 58.6 2 1.4 24 17.1 29 20.7 22 15.7
Friends or colleagues 282 236 83.7 9 3.2 109 38.7 106 37.6 87 30.9
Other laypersons 390 294 75.4 16 4.1 103 26.4 112 28.7 86 22.1

CPR: cardiopulmonary resuscitation; ED: emergency department; ROSC: return of spontaneous circulation.

https://doi.org/10.1371/journal.pone.0193361.t002
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Table 3. Associations between bystanders and study outcomes for study population.

Provision of bystander CPR
Laypersons

First responders

Survival to discharge

Laypersons

First responders
Good neurological recovery

Laypersons

First responders

Total Outcome Unadjusted Adjusted”
N N % OR (95% CI) OR (95% CI)
812 612 75.4 1.00 1.00
58 52 89.7 2.83 (1.20-6.69) 3.51 (1.44-8.55)
812 247 30.4 1.00 1.00
58 24 41.4 1.62 (0.94-2.78) 2.00 (0.98-4.07)
812 195 24.0 1.00 1.00
58 22 37.9 1.93 (1.11-3.37) 2.92 (1.33-6.40)

OR: odds ratio; 95% CI: 95% confidence interval; CPR: cardiopulmonary resuscitation

*Adjusted for patient-environment factors (age, gender, past medical history (hypertension, diabetes mellitus, heart disease, and stroke), residential area, MET score of

exercise at the time of the arrest, and time and season of the arrest) and EMS factors (EMS response time and primary cardiac rhythm at the scene).

https://doi.org/10.1371/journal.pone.0193361.t003

[24, 25]. OHCAs witnessed by laypersons in this study had larger METSs of physical activities
and longer EMS response time. In Korea, vigorous physical activity such as mountain climbing
is common, and OHCA occurring during climbing is more likely to be witnessed by a layper-
son than a first responder and to have longer EMS response time. The type of bystander may
be different depending on the place and type of physical activity of OHCA patients.

The most common cause of exercise-related arrest was acute coronary syndrome, and the
majority of them had a shockable rhythm at the scene [4, 24, 26]. In this study, more than half
of the study population had a shockable rhythm as primary cardiac rhythm at the scene and
66.0% had received defibrillation during prehospital CPR by an EMS provider or bystander.
The study population must have been given a strong chance to achieve survival by others pro-
viding early CPR and defibrillation on them. The evidence-based strategies to shorten the time
from the collapse to the first chest compression and defibrillation, including deployment of
well-trained first responders, may have an impact on increasing the survival outcomes in this
population.

Limitations

This study has several limitations. First, the study population consisted of OHCA patients who
underwent cardiac arrest that occurred during a period exercise, and we measured the physical
activity of the patients at the time of, or immediately prior to, the cardiac arrest from the medi-
cal records. The information was limited compared to more objective measures of physical fit-
ness, which could create a selection bias that can underestimate or overestimate the effect.
Second, our nationwide OHCA database did not collect information regarding the number of
bystanders who witnessed the cardiac arrest and whether the bystanders had the capacity to
perform CPR, which would influence both the bystander characteristics and the study out-
comes. Also the registry did not collect information on quality of bystander CPR including
chest compression rate and depth and time to defibrillation. Third, this study was done in an
EMS system with intermediate service level. Generalization of the study findings should be
made with caution. Lastly, this study was an observational study using the nationwide OHCA
registry and not a randomized controlled trial. Thus, there potentially may be significant biases
that were not controlled. The registry captured all EMS-assessed OHCA, however, the OHCA
patients who transported to the hospital by other methods was not enrolled in the registry.
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Conclusions

Out-of-hospital cardiac arrest patients who undergo cardiac arrest during a period of exercise
in a public place and who were witnessed by first responders were more likely to receive
bystander CPR and have a neurologically intact survival compared to patients who were wit-
nessed by laypersons. Our results emphasized that the designation and deployment of first
responder in public places would be an advantageous strategy for patients who have an OHCA
that occurs during a period exercise in a public place.

Supporting information

S1 Table. Multivariable logistic regression model for study population.
(DOCX)

Acknowledgments

This study was supported by the National Emergency Management Agency of Korea and the
Korea Centers for Disease Control and Prevention (CDC).

Author Contributions

Conceptualization: Seo Young Ko, Young Sun Ro, Sang Do Shin, Kyoung Jun Song.
Formal analysis: Young Sun Ro.

Funding acquisition: Sang Do Shin.

Investigation: Ki Jeong Hong, So Yeon Kong.

Resources: Kyoung Jun Song.

Supervision: Young Sun Ro, Sang Do Shin.

Writing - original draft: Seo Young Ko.

Writing - review & editing: Young Sun Ro, Sang Do Shin, Kyoung Jun Song, Ki Jeong Hong,
So Yeon Kong.

References

1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, et al. Heart disease and stroke
statistics—2015 update: a report from the American Heart Association. Circulation. 2015; 131(4):e29—
322. https://doi.org/10.1161/CIR.0000000000000152 PMID: 25520374.

2. RoYS, Shin SD, Song KJ, Hong KJ, Ahn KO. Association of Exercise and Metabolic Equivalent of Task
(MET) Score with Survival Outcomes after Out-of-Hospital Cardiac Arrest of Young and Middle Age.
Resuscitation. 2017; 115:44-51. https://doi.org/10.1016/j.resuscitation.2017.03.041 PMID: 28389240.

3. Edwards MJ, Fothergill RT. Exercise-related sudden cardiac arrest in London: incidence, survival and
bystander response. Open Heart. 2015; 2(1):e000281. https://doi.org/10.1136/openhrt-2015-000281
PMID: 26468401; PubMed Central PMCID: PMCPMC4600248.

4. BerdowskidJ, de Beus MF, Blom M, Bardai A, Bots ML, Doevendans PA, et al. Exercise-related out-of-
hospital cardiac arrest in the general population: incidence and prognosis. Eur Heart J. 2013; 34
(47):3616-23. https://doi.org/10.1093/eurheartj/eht401 PMID: 24096330.

5. Fishbein MC. Cardiac disease and risk of sudden death in the young: the burden of the phenomenon.
Cardiovasc Pathol. 2010; 19(6):326-8. https://doi.org/10.1016/j.carpath.2009.06.005 PMID: 19740679.

6. Marijon E, Tafflet M, Celermajer DS, Dumas F, Perier MC, Mustafic H, et al. Sports-related sudden
death in the general population. Circulation. 2011; 124(6):672—81. https://doi.org/10.1161/
CIRCULATIONAHA.110.008979 PMID: 21788587.

PLOS ONE | https://doi.org/10.1371/journal.pone.0193361 February 28, 2018 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193361.s001
https://doi.org/10.1161/CIR.0000000000000152
http://www.ncbi.nlm.nih.gov/pubmed/25520374
https://doi.org/10.1016/j.resuscitation.2017.03.041
http://www.ncbi.nlm.nih.gov/pubmed/28389240
https://doi.org/10.1136/openhrt-2015-000281
http://www.ncbi.nlm.nih.gov/pubmed/26468401
https://doi.org/10.1093/eurheartj/eht401
http://www.ncbi.nlm.nih.gov/pubmed/24096330
https://doi.org/10.1016/j.carpath.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/19740679
https://doi.org/10.1161/CIRCULATIONAHA.110.008979
https://doi.org/10.1161/CIRCULATIONAHA.110.008979
http://www.ncbi.nlm.nih.gov/pubmed/21788587
https://doi.org/10.1371/journal.pone.0193361

@° PLOS | ONE

First responder and survival after OHCA during exercise

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Myerburg RJ, Fenster J, Velez M, Rosenberg D, Lai S, Kurlansky P, et al. Impact of community-wide
police car deployment of automated external defibrillators on survival from out-of-hospital cardiac
arrest. Circulation. 2002; 106(9):1058—64. PMID: 12196329.

van Alem AP, Vrenken RH, de Vos R, Tijssen JG, Koster RW. Use of automated external defibrillator by
first responders in out of hospital cardiac arrest: prospective controlled trial. BMJ. 2003; 327
(7427):1312. https://doi.org/10.1136/bmj.327.7427.1312 PMID: 14656837; PubMed Central PMCID:
PMCPMC286314.

Hallstrom AP, Ornato JP, Weisfeldt M, Travers A, Christenson J, McBurnie MA, et al. Public-access
defibrillation and survival after out-of-hospital cardiac arrest. N Engl J Med. 2004; 351(7):637—46.
https://doi.org/10.1056/NEJM0a040566 PMID: 15306665.

Malta Hansen C, Kragholm K, Pearson DA, Tyson C, Monk L, Myers B, et al. Association of Bystander
and First-Responder Intervention With Survival After Out-of-Hospital Cardiac Arrest in North Carolina,
2010-2013. JAMA. 2015; 314(3):255-64. https://doi.org/10.1001/jama.2015.7938 PMID: 26197186.

Park GJ, Song KJ, Shin SD, Lee KW, Ahn KO, Lee EJ, et al. Timely bystander CPR improves outcomes
despite longer EMS times. Am J Emerg Med. 2017. https://doi.org/10.1016/j.ajem.2017.02.033 PMID:
28237384.

Park YM, Shin SD, Lee YJ, Song KJ, Ro YS, Ahn KO. Cardiopulmonary Resuscitation by Trained
Responders Versus Lay Persons and Outcomes of Out-of-Hospital Cardiac Arrest: A Community Obser-
vational Study. Resuscitation. 2017. https://doi.org/10.1016/j.resuscitation.2017.06.024 PMID: 28668701.

Ro YS, Shin SD, Lee YJ, Lee SC, Song KJ, Ryoo HW, et al. Effect of Dispatcher-Assisted Cardiopulmo-
nary Resuscitation Program and Location of Out-of-Hospital Cardiac Arrest on Survival and Neurologic
Outcome. Ann Emerg Med. 2017; 69(1):52—61 e1. https://doi.org/10.1016/j.annemergmed.2016.07.
028 PMID: 27665488.

Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhaniji F, Biarent D, et al. Cardiac Arrest and Cardiopul-
monary Resuscitation Outcome Reports: Update of the Utstein Resuscitation Registry Templates for
Out-of-Hospital Cardiac Arrest: A Statement for Healthcare Professionals From a Task Force of the
International Liaison Committee on Resuscitation (American Heart Association, European Resuscita-
tion Council, Australian and New Zealand Council on Resuscitation, Heart and Stroke Foundation of
Canada, InterAmerican Heart Foundation, Resuscitation Council of Southern Africa, Resuscitation
Council of Asia); and the American Heart Association Emergency Cardiovascular Care Committee and
the Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation. Circulation. 2014.
https://doi.org/10.1161/CIR.0000000000000144 PMID: 25391522.

Ro YS, Shin SD, Song KJ, Hong SO, Kim YT, Lee DW, et al. Public awareness and self-efficacy of car-
diopulmonary resuscitation in communities and outcomes of out-of-hospital cardiac arrest: A multi-level
analysis. Resuscitation. 2016; 102:17—-24. https://doi.org/10.1016/j.resuscitation.2016.02.004 PMID:
26898411.

Chang I, Kwak YH, Shin SD, Ro YS, Kim DK. Characteristics of bystander cardiopulmonary resuscita-
tion for paediatric out-of-hospital cardiac arrests: A national observational study from 2012 to 2014.
Resuscitation. 2017; 111:26-33. https://doi.org/10.1016/j.resuscitation.2016.11.007 PMID: 27894909.

Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr., Tudor-Locke C, et al. 2011 Com-
pendium of Physical Activities: a second update of codes and MET values. Med Sci Sports Exerc. 2011;
43(8):1575-81. https://doi.org/10.1249/MSS.0b013e31821ece12 PMID: 21681120.

Chan PS, McNally B, Tang F, Kellermann A, Group CS. Recent trends in survival from out-of-hospital
cardiac arrest in the United States. Circulation. 2014; 130(21):1876-82. https://doi.org/10.1161/
CIRCULATIONAHA.114.009711 PMID: 25399396; PubMed Central PMCID: PMC4276415.

Daya MR, Schmicker RH, Zive DM, Rea TD, Nichol G, Buick JE, et al. Out-of-hospital cardiac arrest
survival improving over time: Results from the Resuscitation Outcomes Consortium (ROC). Resuscita-
tion. 2015; 91:108—15. https://doi.org/10.1016/j.resuscitation.2015.02.003 PMID: 25676321; PubMed
Central PMCID: PMCPMC4433591.

Wissenberg M, Lippert FK, Folke F, Weeke P, Hansen CM, Christensen EF, et al. Association of
national initiatives to improve cardiac arrest management with rates of bystander intervention and
patient survival after out-of-hospital cardiac arrest. JAMA. 2013; 310(13):1377-84. https://doi.org/10.
1001/jama.2013.278483 PMID: 24084923.

Callaham M, Madsen CD. Relationship of timeliness of paramedic advanced life support interventions
to outcome in out-of-hospital cardiac arrest treated by first responders with defibrillators. Ann Emerg
Med. 1996; 27(5):638—48. PMID: 8629787.

MacDonald RD, Mottley JL, Weinstein C. Impact of prompt defibrillation on cardiac arrest at a major
international airport. Prehosp Emerg Care. 2002; 6(1):1-5. PMID: 11789637.

Authors/Task Force M, Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, et al. 2016 European
Guidelines on cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the

PLOS ONE | https://doi.org/10.1371/journal.pone.0193361 February 28, 2018 11/12


http://www.ncbi.nlm.nih.gov/pubmed/12196329
https://doi.org/10.1136/bmj.327.7427.1312
http://www.ncbi.nlm.nih.gov/pubmed/14656837
https://doi.org/10.1056/NEJMoa040566
http://www.ncbi.nlm.nih.gov/pubmed/15306665
https://doi.org/10.1001/jama.2015.7938
http://www.ncbi.nlm.nih.gov/pubmed/26197186
https://doi.org/10.1016/j.ajem.2017.02.033
http://www.ncbi.nlm.nih.gov/pubmed/28237384
https://doi.org/10.1016/j.resuscitation.2017.06.024
http://www.ncbi.nlm.nih.gov/pubmed/28668701
https://doi.org/10.1016/j.annemergmed.2016.07.028
https://doi.org/10.1016/j.annemergmed.2016.07.028
http://www.ncbi.nlm.nih.gov/pubmed/27665488
https://doi.org/10.1161/CIR.0000000000000144
http://www.ncbi.nlm.nih.gov/pubmed/25391522
https://doi.org/10.1016/j.resuscitation.2016.02.004
http://www.ncbi.nlm.nih.gov/pubmed/26898411
https://doi.org/10.1016/j.resuscitation.2016.11.007
http://www.ncbi.nlm.nih.gov/pubmed/27894909
https://doi.org/10.1249/MSS.0b013e31821ece12
http://www.ncbi.nlm.nih.gov/pubmed/21681120
https://doi.org/10.1161/CIRCULATIONAHA.114.009711
https://doi.org/10.1161/CIRCULATIONAHA.114.009711
http://www.ncbi.nlm.nih.gov/pubmed/25399396
https://doi.org/10.1016/j.resuscitation.2015.02.003
http://www.ncbi.nlm.nih.gov/pubmed/25676321
https://doi.org/10.1001/jama.2013.278483
https://doi.org/10.1001/jama.2013.278483
http://www.ncbi.nlm.nih.gov/pubmed/24084923
http://www.ncbi.nlm.nih.gov/pubmed/8629787
http://www.ncbi.nlm.nih.gov/pubmed/11789637
https://doi.org/10.1371/journal.pone.0193361

@° PLOS | ONE

First responder and survival after OHCA during exercise

24,

25.

26.

European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical
Practice (constituted by representatives of 10 societies and by invited experts) Developed with the spe-
cial contribution of the European Association for Cardiovascular Prevention & Rehabilitation (EACPR).
Atherosclerosis. 2016; 252:207—-74. https://doi.org/10.1016/j.atherosclerosis.2016.05.037 PMID:
27664503.

Soholm H, Kjaergaard J, Thomsen JH, Bro-Jeppesen J, Lippert FK, Kober L, et al. Myocardial infarction
is a frequent cause of exercise-related resuscitated out-of-hospital cardiac arrest in a general non-ath-
letic population. Resuscitation. 2014; 85(11):1612-8. hitps://doi.org/10.1016/j.resuscitation.2014.06.
033 PMID: 25047569.

Albert CM, Mittleman MA, Chae CU, Lee IM, Hennekens CH, Manson JE. Triggering of sudden death
from cardiac causes by vigorous exertion. N Engl J Med. 2000; 343(19):1355-61. https://doi.org/10.
1056/NEJM200011093431902 PMID: 11070099.

Thompson PD, Franklin BA, Balady GJ, Blair SN, Corrado D, Estes NA 3rd, et al. Exercise and acute
cardiovascular events placing the risks into perspective: a scientific statement from the American Heart
Association Council on Nutrition, Physical Activity, and Metabolism and the Council on Clinical Cardiol-
ogy. Circulation. 2007; 115(17):2358-68. https://doi.org/10.1161/CIRCULATIONAHA.107.181485
PMID: 17468391.

PLOS ONE | https://doi.org/10.1371/journal.pone.0193361 February 28, 2018 12/12


https://doi.org/10.1016/j.atherosclerosis.2016.05.037
http://www.ncbi.nlm.nih.gov/pubmed/27664503
https://doi.org/10.1016/j.resuscitation.2014.06.033
https://doi.org/10.1016/j.resuscitation.2014.06.033
http://www.ncbi.nlm.nih.gov/pubmed/25047569
https://doi.org/10.1056/NEJM200011093431902
https://doi.org/10.1056/NEJM200011093431902
http://www.ncbi.nlm.nih.gov/pubmed/11070099
https://doi.org/10.1161/CIRCULATIONAHA.107.181485
http://www.ncbi.nlm.nih.gov/pubmed/17468391
https://doi.org/10.1371/journal.pone.0193361

