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ABSTRACT

Background Survival from out-of-hospital cardiac
arrest (OHCA) is higher if the arrest is witnessed and
occurs during exercise, however, there is contradicting
data on prognosis with regards to sex and age. The
purpose of this study was to compare the outcomes
and circumstances of exercise-related OHCA in different
age groups and between sexes in a large unselected
population.

Methods Data from exercise-related OHCAs

reported to the Swedish Registry of Cardiopulmonary
Resuscitation from 2011 to 2014 and from 2016 to
2018 were analysed. All cases of exercise-related
OHCA in which emergency medical services attempted
resuscitation were included. The primary outcome was
survival to 30 days.

Results In total, 635 cases of exercise-related OHCA
outside of the home were identified. The overall 30-day
survival rate was 44.5% with highest survival rate in
the age group 0-35 years, compared with 36-65 years
and >65 years (59.6% vs 46.0% and 40.4%, p=0.01).
A subgroup analysis of 0—-25years showed a survival
rate of 68.8%. Exercise-related OHCA in females (9.1%
of total) were witnessed to a lower extent (66.7% vs
79.6%, p=0.03) and median time to cardiopulmonary
resuscitation (CPR) was longer (2.0 vs 1.0min, p=0.001)
than in males. Females also had lower rates of ventricular
fibrillation (43.4% vs 64.7%, p=0.003) and a lower 30-
day survival rate (29.3% vs 46.0%, p=0.02).
Conclusion In exercise-related OHCA, younger victims
have a higher survival rate. Exercise-related OHCA in
females was rare, however, survival rates were lower
compared with males and partly explained by a lower
proportion of witnessed events, longer time to CPR and
lower frequency of a shockable rhythm.

INTRODUCTION

In Sweden, the 30-day survival rate for out-
of-hospital cardiac arrest (OHCA) has steadily
increased during the last two decades from 4.4%
in 2000 to 10.3% in 2018," with similar trends
reported globally.”* Higher frequency of bystander
cardiopulmonary resuscitation (CPR) as well as
decreased times from arrest to a call for emer-
gency medical services (EMS) and to defibrillation
are key factors for improved survival.’ ¢ Previous
studies have shown that the chance of survival is
considerably higher if the OHCA occurs in relation
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to exercise and is witnessed with prompt resuscita-
tion.””* In young competitive athletes in the USA,
the overall survival from exercise-related OHCA is
48%, with over 80% survival rate when an auto-
mated external defibrillator (AED) is available and
used on-site.' "3

Although OHCA is two to three times more
common in men compared with women, prior
studies have shown lower survival rates in
women." ' Exercise-related OHCA seems to be
a particularly rare event among women, repre-
senting only 3%-7% of all cases.*”® 772! With an
increasing number of female participants as well as
an increasing age in participants in running endur-
ance races and other competitive sports, one may
expect an increasing incidence of exercise-related
OHCA among women.'” #* ¥ Results from our
previous studies on exercise-related OHCA, indi-
cated a worse prognosis for women compared with
men,’” ¥ contradicting a previous study by Marijon
et al, where survival at hospital admission was
higher for women even though survival at hospital
discharge did not differ significantly between men
and women.**

To our knowledge, there are few studies of
exercise-related OHCA in the general popula-
tion focusing on differences between the sexes
and in particular the outcomes and circumstances
of exercise-related OHCA in women. In addi-
tion, some studies have found a worse prognosis
in exercise-related OHCA in younger athletes as
different aetiology (mainly congenital and heredi-
tary cardiovascular diseases) may affect the chance of
successful defibrillation.” ** However, other studies
have found contradicting results,'"™ ' ¥ 2¢ with
Wisten ef al presenting a major reduction in sudden
cardiac deaths among young athletes between 2000
and 2010 in Sweden.” The purpose of our study
was to compare the outcomes and circumstances of
exercise-related OHCA in different age groups as
well as between males and females in a large, unse-
lected population.

METHODS

Study design and population

This is a retrospective observational study from
the Swedish Registry of Cardiopulmonary Resus-
citation (SRCR). During the study period, from 1
January 2011 to 31 December 2014 and from 1
February 2016 to 31 December 2018, data were

BM)

Frisk Torell M, et al. Br J Sports Med 2022;56:1026-1031. doi:10.1136/bjsports-2021-105151 =

10of7

BASem


http://www.basem.co.uk/
http://bjsm.bmj.com/
http://orcid.org/0000-0003-3254-7441
http://orcid.org/0000-0002-8786-0438
http://dx.doi.org/10.1136/bjsports-2021-105151
http://dx.doi.org/10.1136/bjsports-2021-105151
http://dx.doi.org/10.1136/bjsports-2021-105151
http://crossmark.crossref.org/dialog/?doi=10.1136/bjsports-2021-105151&domain=pdf&date_stamp=2022-08-17

Original research

collected for all cases of OHCA outside of home and where
resuscitation was attempted by EMS in 19 counties of Sweden
in the first time period and in all of Sweden (21 counties) in the
second time period. In total, the study population of the coun-
ties included in the first time period was approximately 9 million
people,” whereas in 2018 the total population in Sweden was
10.12 million inhabitants.' Survival in the overall OHCA popu-
lation remained stable during the period 2011-2018.

The Swedish Registry of Cardiopulmonary Resuscitation

Data from treated OHCAs are reported both prospectively and
retrospectively to the registry. First, the EMS crew provides
information from the event online immediately or close after
the event, and second, a local CPR coordinator registers data
and outcomes from in-patient care based on in-hospital medical
records. A complete report includes information regarding aeti-
ology, resuscitation and outcome of the OHCA. All nurses and
paramedics who report data to the registry are trained in proce-
dures of reporting, variable definitions and related interrogation
at the scene. They are all well aware of the variables collected
in the registry and therefore pay attention and evaluate cases so
that registry forms can be filled. The vast majority of OHCA are
enrolled in the registry immediately. However, some cases are
collected retrospectively after interrogation of EMS and dispatch
records. A previous study on the validity of the SRCR showed
that 75% of cases were reported prospectively and the remaining
cases were detected and reported retrospectively.?®

Data collection

All cases of OHCA outside the home identified using the SRCR,
were included in the study. Out of all OHCAs, a selection was
made as to whether the cardiac arrest was exercise-related or
not. This selection was made by manual search of EMS medical
records for cases occurring between January 2011 and December
2014. In the second time period, which reached between
February 2016 and December 2018, the question whether the
event occurred in association with exercise, had been incorpo-
rated in the registry as one of the variables that was routinely
registered. In the time period in between there were no data
collected.

The study population was subdivided according to age and
sex, and separate analyses were made among patients 0-35 years,
36-65 years and >63 years. An additional subgroup analysis was
made for victims of exercise-related OHCA aged 0-25 years, to
include only victims with a low probability of atherosclerotic
coronary artery disease (CAD) as the underlying condition.

For each case of exercise-related OHCA, data variables
compliant with UTSTEIN 2004*’ were collected from SRCR.
Data variables included demographics, location (specifi-
cally whether the arrest took place at a sports arena or not),
data regarding sports activities (type of sports and whether it
occurred during a competitive event), circumstances of collapse
(bystander witnessed, bystander CPR, public use of AED, initial
rhythm (defined as shockable or non-shockable)), CPR or AED
use performed by first-responders, delay time from collapse to
call for EMS, delay time from collapse to start of CPR, delay
time from collapse to defibrillation, EMS response time and
outcome (survival at 30 days).

Definitions

In the SRCR, the criteria for including a case as an OHCA is
whether CPR and/or defibrillation has been attempted. However,
if the patient shows definite signs of death on EMS arrival (eg,

rigour mortis), the case is not included in the register, even if
resuscitation has been initiated by a bystander.

Exercise-related OHCA was defined as a cardiac arrest
taking place during or within 1hour after cessation of exer-
cise, according to international standards.’ '**' »* There was no
differentiation regarding the intensity of the performed exercise.
The primary outcome was defined as 30-day survival.

In the SRCR the aetiology of the OHCA is defined and
reported by the EMS crew. The selectable aetiologies are:
‘cardiac’, ‘trauma’, ‘pulmonary’, ‘suffocation’, ‘drowning’ and
‘other’.

Statistical analysis

Descriptive statistics were used, and variables are presented as
numbers, percentages, mean and median. Fisher’s exact test was
used in the comparison of proportions. Wilcoxon two-sample
test was used in the comparison of continuous and ordered
variables. A p value of less than 0.05 was regarded as signifi-
cant. Two-sided tests were applied. For the covariates sex, age,
bystander witness, time from collapse to CPR, initial rhythm and
time to EMS arrival, a multivariate regression model was used
and ORs as well as their 95% CI were calculated.

Patient and public involvement
Patients or the public were not involved in the design, conduct,
reporting or dissemination plans of the study.

RESULTS

Exercise-related OHCA 2011-2014 and 2016-2018

A total number of 9607 cases of OHCA outside of the home
where resuscitation was attempted occurred during the study
period. Of these, 635 (6.6%) were exercise related. The 30-day
survival rate was significantly higher among exercise-related
OHCAs compared with non-exercise-related OHCAs (44.5% vs
18.8%, p<0.0001). Patient characteristics and factors at resus-
citation in relation to exercise and non-exercise-related OHCA
are presented in table 1.

Exercise-related OHCA in relation to sex

Only 9.1% of the exercise-related OHCAs occurred in females.
There was no significant difference in mean age between males
and females (59.1 years in the two groups, p=0.97). Exercise-
related OHCA in females were less likely bystander witnessed
(66.7% vs 79.6%, p=0.03) and although they received bystander
CPR at the same extent as males, the median time from collapse
to start of CPR was 1 min longer than for males (2.0 vs 1.0 min,
p=0.001). Females also had lower rates of ventricular fibrilla-
tion as initial rhythm (43.4% vs 64.7%, p=0.003).

Female victims had an exercise-related OHCA of cardiac aeti-
ology at lesser extent compared with males, although not statis-
tically significant (69.8% vs 78.3%%, p=0.17). Among males,
the most frequent sport was cycling, whereas in females it was
running.

Survival at 30 days was lower among females compared with
males (29.3% vs 46.0%, p=0.02). Characteristics and outcome
among patients with OHCA at physical activity in relation to sex
are presented in table 2.

Exercise-related OHCA in relation to age

Characteristics and outcome among patients with exercise-
related OHCA in relation to age are presented in table 3. In
total, there were 53 cases of exercise-related OHCA in the age
group 0-35 years with a mean age of 22.0+8.5 years. In the
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Table 1 Characteristics and outcome of OHCA in relation to exercise
Yes No
N=635 N=8972 P value

Age (mean=SD; years) (23, 592) 59.1+16.3 65.6+18.2 <0.0001
Sex (%) (0, 1)

Female 9.1 26.2 <0.0001
Witnessed status (%) (15, 283)

Crew witnessed 6.0 233 <0.0001

Bystander witnessed 78.4 49.8 <0.0001

Non witnessed 15.6 26.8 <0.0001
Aetiology (%) (33, 380)

Cardiac 716 60.6 <0.0001
Initial rhythm (%) (29, 359)

Ventricular fibrillation 62.9 29.7 <0.0001
CPR before arrival of EMS (6, 243)

Yes 86.8 62.2 <0.0001
Delay time (median, min)

From collapse—call (n=377, n=3077) 2 2 0.25

From collapse—CPR (n=417, n=3757) 1 2 <0.0001

From collapse—defibrill. (n=264, 1 11 0.51

n=1337)

From dispatch—arrival of EMS (n=491, 9 9 0.1

n=5693)
Outcome (%)
ROSC at any time (8, 223)

Yes 56.8 39.8 <0.0001
ROSC on arrival in hospital

Yes 55.1 413 <0.0001
Alive at 30 days (20, 254)

Yes 44.5 18.8 <0.0001

Numbers presented in parenthesis is the frequency of patients with missing information.
CPR, cardiopulmonary resuscitation; EMS, emergency medical service; OHCA, out-of-hospital
cardiac arrest; ROSC, return of spontaneous circulation.

age group 35-65 years (mean age 54.5+7.5 years), there were
327 cases and in the age group >65 years (mean age 74.2+5.9)
there were 232 cases. The proportion of women did not differ
significantly between the different age groups (9.4% vs 9.8%
and 8.6%, respectively, p=0.68).

Exercise-related OHCA were witnessed at the same extent in
the different age groups and there was no statistically signifi-
cant difference in the rate of bystander CPR between the three
age groups. Patients in the age groups 0-35 years and 36-65
years were more likely to have an initial shockable rhythm
compared with patients >65 years (66.0% and 70.1% vs 51.8%,
p=0.0001). Only 13.6% of the patients in the youngest age group
were connected to a public AED before arrival of a dispatched
unit (fire brigade, police or EMS), compared with 34.2% in the
age group 36—65 years and 43.9% in the age group >635 years
(p=0.01).

Delay time from collapse to call for EMS did not differ
between the groups (median 2.0 min), nor was there a significant
difference in the median delay time from call to arrival of EMS
(8.0min vs 10.0min and 8.0min respectively, p=0.48). Delay
time from collapse to start of CPR (median 1.5 min vs 1.0 min
and 1.0 min, respectively, p=0.39) and from collapse to defibril-
lation (median 11.0 min vs 11.0 min and 10.5 min, respectively,
p=0.71) did not differ between the three age groups.

Cardiac origin was the presumed cause in 42.2% of the
exercise-related OHCA in the age group 0-35 years, in compar-
ison to 78.1% in the age group 36-64 years and 84.1% in the
age group >635 years (p<0.0001). The most frequent aetiologies,
besides cardiac, among the patients aged less than 35 years were

Table 2 Characteristics and outcomes among patients with exercise-
related OHCA in relation to sex

Females Males
N=58 N=577 P value
Age (years; mean+SD) (1, 22) 59.1+18.4 59.1+16.1 0.97

Witnessed status (%) (1, 14)

Crew witnessed 7.0 5.9 0.77
Bystander witnessed 66.7 79.6 0.03
Non witnessed 25.9 14.5 0.03
Aetiology (%) (5, 28)
Cardiac 69.8 78.3 0.17
Initial rhythm (%) (5, 24)
Ventricular fibrillation 43.4 64.7 0.003
Early CPR
(A) CPR before dispatched unit?
(22,271)
Yes 86.1 87.6 0.79
If yes, was a defibrillator attached?
2,4
Yes 31.0 375 0.55

If yes, was the patient defibrillated
before arrival of the dispatched
unit? (0, 3)
Yes 55.6 75.0 0.24
(B) CPR by fire brigade/police
before EMS arrival? (25, 278)

Yes 15.2 21.7 0.50
If yes, was a defibrillator attached?
(0.2)

Yes 100 82.5 0.58

If yes, was the patient defibrillated
before EMS arrival? (1, 0)

Yes 60.0 76.6 0.59
Delay time (median, min)

From collapse—call (n=30, 347) 2.0 2.0 0.65
From collapse—CPR (n=34, 383) 2.0 1.0 0.001
From collapse—defibrillation 13.5 11.0 0.22
(n=14, 250)
From dispatch—arrival on scene 11.0 9.0 0.07
(n=43, 448)

Outcome (%)
ROSC at any time (1, 7)

Yes 52.6 57.2 0.58
ROSC on arrival in hospital (4, 47)

Yes 53.7 55.3 0.89
Alive at 30 days (0, 20)

Yes 293 46.0 0.02

Numbers presented in parenthesis is the frequency of patients with missing
information.

CPR, cardiopulmonary resuscitation; EMS, emergency medical service; OHCA, out-
of-hospital cardiac arrest; ROSC, return of spontaneous circulation.

‘other’ (36%), ‘drowning’ (12%) and ‘trauma’ (8%). Presumed
causes of exercise-related OHCA in the different age groups are
presented in online supplemental table 1.

In the youngest age group, the most frequent sport was foot-
ball(soccer), whereas in the oldest age group it was golf.

The highest survival rate was found in the youngest age group,
with a 30-day survival rate of 59.6% compared with 46.0%
among the ‘middle-aged’ and 40.4% in the oldest age group
(p=0.01).
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Table 3 Characteristics and outcome among patients with exercise-
related OHCA in relation to age

36-65
0-35 years years >65 years
N=53 N=327 N=232 P value
Age (years; mean+SD) 22.0+8.5 54.5+7.5 74.2+5.9
Sex (%) (0,0,0)
Female 9.4 9.8 8.6 0.68
Witnessed status (%) (2, 4, 8)
Crew witnessed 7.8 5.9 5.4 0.58
Bystander witnessed 72.6 79.3 78.1 0.77
Non witnessed 19.6 14.8 16.4 0.99
Aetiology (%) (3, 16, 12)
Cardiac 42.0 78.1 84.1 <0.0001
Initial rhythm (%) (3, 13, 12)
Ventricular fibrillation 66.0 70.1 51.8 0.0001
Early CPR
(A) CPR before dispatched unit? (24,
155, 100)
Yes 86.2 87.8 87.1 0.97
If yes, was a defibrillator attached?
(3.2,1)
Yes 13.6 34.2 43.9 0.01
If yes, was the patient defibrillated
before arrival of the dispatched unit?
(1,1,1)
Yes 100 70.0 735 0.90
(B) CPR by fire brigade/police before EMS
arrival? (26, 159, 104)
Yes 18.5 232 203 0.12
If yes, was a defibrillator attached?
(0,2,0)
Yes 100 91.9 69.2 0.01
If yes, was the patient defibrillated
before EMS arrival? (0, 0, 0)
Yes 80.0 76.5 61.1 0.24
Delay time (median, min)
From collapse—call (n=30, 208, 126) 2 2 2 0.02
From collapse-CPR (n=32, 222, 149) 1.5 1 1 0.39
From collapse—defibrill. (n=27, 149, 78) 1 1 10.5 0.71
From dispatch-arrival on scene (n=39, 8 10 8 0.48
268, 172)
Outcome (%)
ROSC at any time (0, 3, 5)
Yes 69.8 54.9 573 0.53
ROSC on arrival in hospital (2, 31, 16)
Yes 60.8 54.4 56.0 0.89
Alive at 30 days (1, 3, 6)
Yes 59.6 46.0 40.4 0.01

Numbers presented in parenthesis is the frequency of patients with missing information.
CPR, cardiopulmonary resuscitation; EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest; ROSC,
return of spontaneous circulation.

A separate subgroup analysis was made for victims of exercise-
related OHCA aged 0-25 years. In this group, there were a
total of 32 cases and 22 survivors, with a 30-day survival rate
of 68.8%.

In multivariate analysis, presented in figure 1, age >335 years
was associated with lower 30-day survival rate. OR 0.37 (95%
CI0.15 to 0.87 for age group 36—65 years and OR 0.37 (95% CI
0.14 to 0.89) for age group >65 years). Non-witnessed OHCA
had an OR of 0.34 compared with bystander witnessed (95% CI
0.16 to 0.68). Initial shockable rhythm was associated with
higher 30-day survival rate with OR 2.63 (95% CI 1.61 to 4.33)
compared with non-shockable rhythm. Increasing delay time
from collapse to CPR as well as from collapse to EMS arrival
correlated with worse prognosis. The OR was 0.91 (95% CI 0.85

Variable N | Odds ratio p

Age 0to 35 years 33 [ ] Reference

36 to 65 years 234 ( —H 0.37 (0.15, 0.87) 0.028

65 years or older 149 | —l—| 0.37 (0.14, 0.89) 0.032

\
i
Sex Men 380 i Reference
i
Women 36| M- [070(028166) 0420
Witnessed Witnessed 347 [ ] Reference
i
.
Not witnessed 69 | HElH | 0.34 (0.16, 0.68) 0.003
E
Time to CPR (per 1 minute increase) 416 n 0.91 (0.85, 0.96) 0.002
!
|
Shockable rhythm Not VFNT 155 n Reference
i
VENT 261 E HIH | 2.63 (1.61, 4.33) <0.001
h
i
Time to EMS arrival (per 1 minute increase) 416 -. 0.93 (0.90,0.97)  <0.001
1

02 05 2

Figure 1  Forest plot with adjusted ORs for 30-day survival among
exercise-related OHCA for multiple variables including age, sex, witness
status, shockable rhythm,time to CPR and time to EMS arrival. CPR,
cardiopulmonary resuscitation; EMS, emergency medical services; OHCA,
out-of-hospital cardiac arrest; VF/VT,ventricular fibrillation/ventricular
tachycardia.

to 0.96) for time to CPR (per 1min increase) and 0.93 (95% CI
0.90 to 0.97) for time to EMS arrival (per 1 min increase).

DISCUSSION

This study found important differences in the outcomes and
circumstances of exercise-related OHCA between the sexes in
the general population. Our main findings include: (1) lower
survival rates among females and (2) higher survival rates in the
young.

Exercise-related OHCA in relation to sex

Consistent with previous studies, the incidence of exercise-
related OHCA among females was very low.'” ' 2072239 Results
from our previous studies indicated a worse prognosis for female
victims, which we now confirm in a larger cohort. The survival
rate at 30 days was 29.3% among females compared with 46%
among males (p=0.02). This is in contrast to the results from a
study on exercise-related OHCA in the general population in
France, where the survival rate at hospital discharge was 24.3%
in women compared with 15.2% in men (p=0.21).** Some
differences in study design and circumstances of occurrence
could possibly explain these conflicting results. In the French
study, they chose to include subjects of 10-75 years of age, with
a mean age of 43.9+17 years for females, compared with this
study which included exercise-related OHCA independently of
age and where females had a mean age of 59.1+18.4 years. Even
though women in the French study suffered witnessed OCHA at
higher rate compared with this study, they had a much lower rate
of bystander CPR before arrival of EMS (37% compared with
86%). None of the French women were connected to a public
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AED, and less than 1% of the men had an AED connected prior
to EMS arrival. Perhaps the overall lower frequency of bystander
CPR and lower use of public AEDs could in part explain the
diminished differences in survival rates between men and women
in the French study.

In this study, exercise-related OHCA in females was witnessed
by a bystander at a lower extent. Although females received
bystander CPR at the same extent as males, the mean time from
collapse to start of CPR was 1 min longer than for male victims.
The mean time from dispatch to EMS arrival on scene was also
longer for exercise-related OHCA in females compared with
males. These circumstances likely contribute to the worse prog-
nosis seen in females. The lower survival rate seen in females
is most likely reflecting differences in bystander witness degree
and frequency of initial shockable rhythm. It is worth noting
that these findings among exercise-related OHCA in females are
applicable to female victims of OHCA in general with correlating
lower survival rates compared with males.'* 13!

Previous studies have also shown that for women presenting
with chest pain, there is a prolonged delay time to ward admis-
sion, administration of aspirin and to coronary angiography.*
Women are also less likely to undergo early coronary angiog-
raphy and other interventions compared with men.*> In
correlation, one could expect that there is a prolonged delay time
for correct identification as well as early treatment of exercise-
related OHCA in women, compared with men and perhaps a
higher share of misclassification of exercise-related cardiac
arrest in women. The definite reason for the delayed response
is uncertain but perhaps there is a public perception that victims
of sudden cardiac arrest are men, due to the low incidence
of OHCA among women. In a qualitative analysis on public
perceptions on why women receive less bystander CPR, Perman
et al identified three major themes, including poor recognition
by the public that women experience sudden cardiac arrest, fear
of inappropriate touching and concerns about causing injury.>®

It is possible, females have a different pattern of exercise habits
compared with males, with a preference for individual sports,*
at different locations (more often outside of sports arenas)'’ and
this may contribute to the limited presence of bystanders and a
prolonged delay time for EMS to arrive.

Exercise-related OHCA in relation to age

In general, victims of exercise-related OHCA tend to be younger
compared with victims of non-exercise related cardiac arrests.””
Toukola et al showed a lower frequency of congestive heart
failure, hypertension and previously diagnosed atherosclerotic
CAD among exercise-related OHCA compared with non-
exercise related OHCA.® However, in the same study, they
found that the underlying diagnosis was atherosclerotic CAD at
the same extent in both groups, supporting the hypothesis that
exercise-related cardiac arrest can occur at an earlier stage in the
atherosclerotic process in overall healthier individuals, because
of the added adrenergic trigger mechanism from exercise.

In this study, the highest survival rate (59.6%) was found in
the age group 0-35 years even though circumstances of occur-
rence did not differ significantly in favour of the young. Patients
in all age groups were witnessed and received bystander CPR to
the same extent. A surprisingly low proportion of the youngest
victims were connected to a public AED (13.6%) and only 42%
of the exercise-related OHCA in the age group 0-35 years were
considered to be of cardiac origin. Still, 66% had an initial
shockable rhythm, which may indicate a cardiac origin after all.
Most likely there are additional cases of cardiac origin among

the 18 cases (36%) classified as ‘other’, considering that the
most common cause of exercise-related sudden cardiac death in
victims aged 0-35 years is sudden arrhythmic death syndrome
(SADS, ie, presumed cardiac death, without an anatomical diag-
nosis on autopsy).”” >’ ** An increase in genetic testing seems to
verify that a part of these SADS, are indeed caused by under-
lying arrhythmogenic diseases, such as ion-channel disease and
long-QT syndrome.*

Interestingly, when analysing victims of exercise-related
OHCA 0-25 years of age, the survival rate was as high as 68.8%.
Since premature atherosclerotic CAD accounts for a consid-
erable share of sudden cardiac deaths in victims as young as
25-35years®® * this separate analysis was particularly relevant
in order to exclude cases of CAD. These results are consistent
with recent survival rates from the USA in young competitive
athletes."'™"

The low frequency of AED connection before EMS arrival
among the youngest victims is surprising, and the reason for this
is unclear. Perhaps it suggests that bystanders do not immediately
identify a collapse in a young athlete as a cardiac arrest.

Limitations

The retrospective and observational design of the study is a
limitation. The SRCR only includes cases of OHCA where
resuscitation has been attempted, and we rely on the presumed
cause of underlying condition assessed by the EMS crew. Some
of the OHCAs were reported as traumatic, even though there is a
possibility that a proportion of these cases were due to a primary
cardiac arrest and thereby the proportion of cardiac aetiology
could have been underestimated. Since only cases of OHCA with
attempted resuscitation were included, it is possible our survival
rates are higher than if all cases (including cases of OHCA with
definite signs of death on EMS arrival) were included. Hospital
records also were not reviewed for a more precise aetiology of
OHCA. An additional understanding of the causes of OHCA
would provide further important details relevant to survival
from exercise-related OHCA, especially in the younger victims
where atherosclerotic CAD is uncommon. In a future project,
we plan to study survivors of exercise-related OHCA to present
in-hospital data on diagnosis, findings on coronary angiography
and comorbidity. Another limitation is the use of two different
methods for identifying exercise-related OHCA: in the first time
period manual search of EMS medical records was used and in
the second time period ‘exercise related’ was a selectable variable
standard in the SRCR, possibly resulting in varying degrees of
misclassification. Furthermore, there is a large number of missing
data concerning delay times. It is difficult for both bystanders
and EMS crew to estimate exact delay times, but the risk of
recall bias is not likely to differ between exercise-related and
non-exercise related OHCA. Finally, results of our study might
not be applicable to countries with different demographics and
different healthcare systems.

CONCLUSION

Females are less likely to present with exercise-related OHCA
but in case of occurrence survival at 30 days is actually worse
compared with men. In addition, the survival rate was higher for
exercise-related OHCA in the younger age group, especially in
victims 0-25 years of age.

Further studies on exercise-related OHCA in females regarding
the underlying disease patterns as well as exercise habits are
warranted. Longer time delay from collapse to CPR for females
compared with males is not acceptable and suggests information
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regarding occurrence and symptoms of exercise-related cardiac
arrest in females should be emphasised to the public.

Extended CPR education and access to public AEDs where
people engage in exercise is recommended to improve survival
rates for exercise-related OHCA.

What is already known on this topic?

= The survival rate for exercise-related out-of-hospital cardiac
arrest (OHCA) is higher compared with non-exercise-related
OHCA.

= Previous studies have shown various results regarding how
survival from exercise-related OHCA correlates with sex and
age.

What this study adds?

= Female victims of exercise-related OHCA have longer delays
until resuscitation and lower survival rates compared with
males.

= Higher survival rates are seen in young victims of exercise-
related OHCA.

How this study might affect research, practice or policy?

= Further studies regarding disease patterns and exercise habits
on exercise-related OHCA among females is warranted.

= Public education of exercise-related OHCA in females may
improve recognition, time to cardiopulmonary resuscitation
(CPR) and survival.

= The high survival rate seen in younger victims supports
extended CPR education and increased automated external
defibrillator availability at public locations where people
exercise.
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