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Abstract
Background: Physical activity prevents cardiovascular disease, but it may also trigger acute cardiac events like sudden cardiac death in patients

with underlying heart disease. The chance of surviving an out-of-hospital cardiac arrest remains low, despite improving medical treatment and res-

cue chain. Prior studies signaled increased survival in exercise related out-of-hospital cardiac arrest.

Objective: The aim of this study was to evaluate the differences between exercise related out-of-hospital cardiac arrest and out-of-hospital cardiac

arrest during daily activity in an urban setting.

Methods: Retrospective analysis of all out-of-hospital cardiac arrests from 2014 to 2021 treated at a cardiac arrest center of a tertiary hospital. The

primary outcome was survival to discharge. Secondary outcomes included differences in pre-hospital care, in-hospital treatment, hypoxic ischemic

encephalopathy, and laboratory parameters.

Results: 478 OHCA patients were reviewed of which 432 patients (exercise related 36 (8.4%) vs. daily activity 396 (91.6%)) were included in the

analysis. Patients suffering an exercise related arrest were younger (57 vs 65 years, p = 0.002) and mostly male (88.9 vs 74.5%, p = 0.054).

The exercise related cohort received bystander cardiopulmonary resuscitation (77.8 vs 53.4%, p = 0.005) to a higher extent and had a shorter no-

flow time (1.5 vs 2 min, p = 0.049). Exercise related arrest patients more often presented with a shockable rhythm (80.6 vs 64.1%, p = 0.032).

At hospital admission exercise related arrest patients had a higher initial pH (7.24 vs 7.19, p = 0.015). In the exercise related group, a cardiac cause

was numerically more frequent compared to the daily activity group (80.6 vs 68.7%, p = 0.09). In both groups myocardial infarction (47.2 vs 43.2%)

was the most common cause, but a primary arrhythmic event (33.3 vs 25.5%) was more often documented in exercise related arrest patients. Exer-

cise related arrest was mostly related to endurance training (52.8%) followed by ball sports (19.4%) and occurred directly during exercise in 77.8% of

cases. Patients suffering exercise related arrest had higher survival till discharge (66.7 vs 47.7%, p = 0.036).

Conclusion: Based on this observational data from a highly selected group of out-of-hospital cardiac arrest patients treated at a cardiac arrest

center, patients suffering an exercise related out-of-hospital cardiac arrest, differed in substantial characteristics and in the first line response com-

pared to daily activity out-of-hospital cardiac arrest patients. The better survival to discharge of the exercise related out-of-hospital cardiac arrest

group might be driven by these beneficial differences. This study underlines the need for public awareness for the importance of a fast first response

and a broad distribution of automated external defibrillators in public sport areas since most of the exercise related out-of-hospital cardiac arrest

patients presented with a cardiac cause and an initial shockable rhythm.
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Introduction

Regular exercise has proven benefits on health and longevity and is

a cornerstone in prevention of cardiovascular disease.1 However,

strenuous exercise can trigger acute coronary and arrhythmic events

in patients with underlying cardiovascular disease (CVD) contributing

to sudden cardiac death.2 Mechanistically, a vulnerable cardiac sub-

strate is exposed to exercise-induced increased oxygen demand,

electrolyte imbalances and dehydration.3 Out-of-hospital cardiac

arrest (OHCA) still has a high mortality and morbidity despite contin-

uous efforts to improve rapid treatment through public campaigns on

cardiopulmonary resuscitation (CPR) and distribution of automated

external defibrillators (AED).4,5Prognosis after OHCA remains poor,

with survival rates till hospital discharge described as low as 7%

accompanied by mostly unfavorable neurological outcomes.6,7,8

Exercise related OHCA (ER OHCA) has received increasing

media attention due to cases occurring in athletes during high-

profile international competitive sports events.9 Sudden cardiac

death remains the leading cause of death in young athletes.10 Sev-

eral studies suggested that exercise related cardiac arrest has a bet-

ter outcome and prognosis than cardiac arrest during daily

activity.11,12,13 While there have been some improvements in the last

years, regarding workflows and in-hospital management of OHCA

patients, further studies of OHCA during exercise are needed to

improve prevention, care and survival in this specified patient

group.11,14,15 Earlier studies have focused mostly on outcomes as

survival in this group, laboratory findings and in hospital treatment

like mechanical circulatory support are mostly neglected. The aim

of this study was to evaluate differences regarding survival, labora-

tory parameters, pre-hospital and in-hospital treatment in patients

suffering from ER OHCA or OHCA during daily activities (DA) treated

at a cardiac arrest center in an urban setting.
Methods

Setting and study population

A retrospective analysis of a prospectively maintained registry of all

OHCAs from January 2014 to November 2021 treated at the cardiac

arrest center of a German metropolitan tertiary university hospital

was performed. The registry excludes all traumatic arrest and arrests

due to drowning. The metropolitan area covers approximately 1.1

million inhabitants and regional emergency medical services (EMS)

includes paramedics but also trained acute care physicians. In case

of OHCA acute care physicians are always dispatched with the first

line response and decision to transport the patient to the cardiac

arrest center is done by the acute care physician on scene. Often

patients with presumed cardiac origin of the cardiac arrest are allo-

cated to the cardiac arrest center and the hospital is the only regional

hospital providing extracorporeal mechanical support.

OHCA was considered as exercise related if it occurred during or

up to one hour after exercise as considered in the 2020 guideline on

sports cardiology.2 Exercise was defined as a physical activity that is

structured, repetitive and has the goal to improve or maintain phys-

ical fitness.2 OHCA occurring during other activities was considered

as related to daily activities. The cases were reviewed by one author

and in case there was doubt if the OHCA was exercise or daily activ-

ity related the senior author was consulted. Patients with more

than > 80% missing data or missing data on whether their OHCA
occurred exercise related or not were excluded. Endurance sport

was defined as any prolonged aerobic exercise. OHCA related to

cycling was considered as exercise related if cycling was performed

in the form of exercise.

Data collection

Demographic, clinical, and echocardiographic data were reviewed

from the electronic hospital documentation system and EMS docu-

mentation. Lactate levels, partial pressure of oxygen (pO2), partial

pressure of carbon dioxide (pCO2), and hemoglobin (Hb) were

assessed by blood gas analysis at admission. If available echocar-

diography parameters were included for the ER group. No-flow time

was defined as time without any CPR and reported as stated in the

EMS documentation. The cause of arrest was determined as stated

in the medical records by the treating physicians after completion of

diagnostics. Left ventricular hypertrophy was assessed by echocar-

diography as described elsewhere.16 Hypoxic ischemic

encephalopathy was diagnosed by consultants from the neurology

department using clinical, laboratory, electrophysiological and imag-

ing criteria.17

The primary outcome was survival to discharge.18 Secondary

outcomes included differences in pre-hospital care, in-hospital treat-

ment, hypoxic ischemic encephalopathy, and laboratory parameters.

This study was performed in accordance with the ethical stan-

dards of the Declaration of Helsinki and approved by the Ethics Com-

mittee of the Medical Faculty of the University of Cologne (Reference

No. 17–071). The Ethics Committee waived the need for informed

consent due to retrospective and observational design of the study.

Statistical analysis

Normal distribution was tested for all variables using the Shapiro-

Wilk test. Continuous variables were not normally distributed and

were presented as median with interquartile range (IQR). Numbers

and percentages were used to present nominal and ordinal data.

Continuous variables were compared using the Mann-Whitney-U

test. Nominal data was tested for significant differences using the

Pearson Chi-squared-test or the Fisher s exact test. A two-tailed p-

value of p < 0.05 was considered statistically significant. Statistical

analysis was performed using IBM SPSS Statistics (Version

29.0.1.1, 2023, IBM Corporation, New York, USA).

Results

Incidence of ER OHCA

In total 478 OHCA patients were registered in the observational per-

iod and 432 were included in the final analysis (Fig. 1). 36 patients

(8.4%) suffered ER OHCA and 396 (91.6%) suffered OHCA during

daily activities.

Demographics and first line response

Patients in the ER OHCA group were significantly younger (ER 57 vs

DA 65 years, p = 0.002). In both groups patients were predominantly

male (ER 88.9 vs DA 74.5%, p = 0.054). There was no difference in

witnessed OHCA between the groups (ER 88.9 vs DA 77.1%,

p = 0.139) but no-flow time was significantly shorter in the ER group

(ER 1.5 vs 2 min, p = 0.049). ER OHCA patients significantly more

often received bystander CPR (ER 77.8 vs 53.4%, p = 0.005) and ini-

tially more frequently had a shockable rhythm (ER 80.6 vs DA

64.1%, p = 0.032). (Table 1).



Fig. 1 – Study population and incidence of the exercise

related out of hospital cardiac arrest (OHCA) and OHCA

during daily activity.
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Characteristics at admission and treatment

At admission there were no significant differences in lactate, hemo-

globin as well as arterial pO2 and pCO2 levels. In the ER OHCA

group there was a significantly higher pH (ER 7.24 vs DA 7.19,

p = 0.015). No significant differences in time to return of spontaneous

circulation (ROSC) at any time were observed (ER 20 vs DA 20 min,

p = 0.823). No ROSC was achieved in 11.1% of cases in the ER

OHCA group and 9.8% in the DA OHCA group. More extracorporeal
Table 1 – Characteristics of the exercise related (ER) out
occurring during daily activities (DA) regarding the first li
utilization of mechanical circulatory support. CPR = Cardi
ROSC = Return of spontaneous circulation, IABP = Intraao
oxygenation, mCPR = mechanical CPR, min = minutes, * p
values in paracentesis are percentages unless indicated o
median.

Parameter ER OHCA (n =

Age years (IQR) 57 (15)

Male gender 32 (88.9)

First line response

Witnessed OHCA 32 (88.9)

No-flow time, min (IQR) 1.5 (2.6)

No-flow time unknown 6 (16.7)

Bystander CPR 28 (77.8)

Initial shockable rhythm 29 (80.6)

Characteristics at admission

Lactate mmol/L (IQR) 7.39 (6.45)

pH 7.24 (0.2)

Hb, g/dL (IQR) 15.5 (4.75)

pO2, mmHg (IQR) 141.5 (49.5)

pCO2, mmHg (IQR) 50 (10.2)

No ROSC 4 (11.1)

Time until ROSC at any time min (IQR) 20 (16)

Coronary angiography performed 32 (88.7)

Mechanical circulatory support

mCPR 6 (16.7)

IABP 1 (2.8)

Impella 2 (5.6)

ECMO 6 (16.7)
membrane oxygenation (ECMO) was implemented in the ER group

(ER 16.7% vs DA 6.8%, p = 0.046), while other variances of mechan-

ical circulatory support were equally distributed between the groups.

(Table 1).

Cause of OHCA and outcomes

Acute coronary syndrome was the most common cause of OHCA in

both groups (ER 47.2 vs DA 43.2%). Numerically primary arrhythmia

was more often documented in the ER OHCA group (ER 33.3 vs DA

25.5%), which was not statistically significant. In the ER OHCA group

a cardiac cause was numerically more often diagnosed than in the

DA group (ER 80.6 vs DA 68.7%, p = 0.09). ER OHCA patients

had significantly better survival to discharge (ER 66.7 vs DA

47.7%, p = 0.036) and longer hospitalization (ER 14.5 vs DA 10 days,

p = 0.010) compared to DA OHCA. No difference in hypoxic ischemic

encephalopathy was observed (Table 2).

Exercise and timing of OHCA in the ER group and

echocardiographic characteristics

In most cases, ER OHCA occurred during endurance sports (52.8%),

followed by ball sports (19.4%). In 13.9% there was no documenta-

tion on type of exercise (Fig. 2). Detailed information on type of exer-

cise in ER OHCA is summarized in Supplementary table 2. OHCA

occurred most frequently directly during exercise (77.8%) or immedi-

ately after (<5 min, 16.7%).

In echocardiography 41.7% of patients of ER-OHCA subgroup

had normal and 19.5% severely reduced ejection fraction. 33.3%

had documented left ventricular hypertrophy. (Supplementary table

1). A primary arrhythmic event was determined as the cause of the
of hospital cardiac arrest (OHCA) compared to OHCA
ne treatment, characteristics at admission, and
opulmonary resuscitation, Hb = Hemoglobin,
rtic balloon pump, ECMO = Extracorporeal membrane
< 0.05. Binary variables are presented as numbers, all
therwise. Continuous and ordinal data is presented as

36) DA OHCA (n = 396) P – value

65 (20) 0.002*

295 (74.5) 0.054

299 (77.1) 0.139

2 (5) 0.049*

116 (29.4) 0.104

211 (53.4) 0.005*

254 (64.1) 0.032*

6.6 (9.05) 0.362

7.19 (0.29) 0.015*

14 (4) 0.175

152 (85) 0.499

51 (18.5) 0.888

39 (9.8) 0.771

20 (16) 0.823

326 (82.3) 0.317

77 (19.8) 0.827

6 (1.5) 0.459

6 (1.5) 0.138

27 (6.8) 0.046*



Table 2 – Cause of out of hospital cardiac arrest (OHCA) and outcomes. * p < 0.05. Binary variables are presented
as numbers, all values in paracentesis are percentages unless indicated otherwise. Continuous and ordinal data
is presented as median.

Parameter ER OHCA (n = 36) DA OHCA (n = 396) p � value

Cause of OHCA

Acute coronary syndrome 17 (47.2) 171 (43.2)

Primary arrhythmic event 12 (33.3) 101 (25.5)

Asphyxia 2 (5.6) 33 (8.3)

Other 5 (13.9) 91 (23)

0.487

Outcomes

Survival to discharge 24 (66.7) 188 (47.7) 0.036*

Hypoxic ischemic encephalopathy 9 (25) 92 (23.3) 0.838

Hospitalization days (IQR) 14.5 (12) 10 (14) 0.010*
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OHCA in 7 patients with left ventricular hypertrophy while in 5

patients the cause was acute coronary syndrome. Except of one of

case mitral annular disjunction no valvular pathologies were

documented.

Discussion

The aim of this study was to evaluate the differences between

patients undergoing exercise related (ER) OHCA and OHCA during

daily activity (DA).

Incidence of ER OHCA in this study was 8.4%, higher than in

other larger registries which describe incidences from 2.2 to

6.6%.11,12,19,20 This might be due to several reasons: in the present

study only OHCA patients brought to a certified cardiac arrest center

with capabilities for mechanical circulatory support were analyzed.

This might have led to more ER OHCA patients being transported

to our center since those patients were younger and more often

had cardiac causes of OHCA. Furthermore, the conducted study

excludes traumatic cardiac arrest patients and patients who did suf-

fer a cardiac arrest due to drowning, this might have led to an

increase of the relative portion of ER OHCA patients. Recently it

was shown that accrediting a hospital as a cardiac arrest center

improves neurological outcomes, shortens time to coronary

angiography and increases implementation of extracorporeal

CPR.14 Furthermore the study was conducted at a single center

and detailed hospital records were available and such detailed infor-

mation might be missing in nationwide registry-based studies. Still
Fig. 2 – A) Type of exercise related to out of hospital cardia
the incidence of ER OHCA is low, considering coverage of a

metropolitan area of more than one million citizens and the inclusion

period of approximately 7 years. This might be driven by the fact that

the urban area of the study has a high density of fifteen other hospi-

tals and that a proportion of OHCA patients die before reaching the

hospital.6 The latter were not included in the present registry.

In this study mostly males experienced ER OHCA which is in con-

junction with earlier studies and might be driven by the higher fre-

quency of coronary artery disease in males.12,21,22 Data from a

large Swedish registry showed women undergoing ER OHCA had

a longer no-flow time and a higher mortality, indicating that in further

investigations special attention should be given to female ER OHCA

patients.12 Opposingly, an analysis of several European registries

showed a similar first line response and survival of women compared

to men in ER OHCA.21 A study from France even showed a higher

likelihood of successful resuscitation in female ER OHCA.23

The differences might be explained by a closer examination of their

results. In the Swedish registry, women more frequently experienced

unwitnessed OHCA, whereas there was no such difference noted in

the European analysis.12,21 A possible, albeit speculative, reason

could be that men are more likely to participate in team sports, which

may lead to a higher number of witnessed events.24,25

The finding that ER OHCA patients had significantly better

survival to discharge, is in line with previous studies.11,12 Factors that

might have led to improved survival in ER OHCA included younger

age, more bystander CPR and more shockable rhythms.12,26,27

One might also speculate that the patients in the ER OHCA group

were healthier. Beneficial characteristics in first line response in
c arrest (OHCA). B) Timing of OHCA related to exercise.
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ER OHCA in this study, including a shorter no-flow time, higher

prevalence of bystander CPR and shockable rhythms, reinforce the

evidence for those factors driving the improved survival. Bystander

CPR and a short no-flow time increase survival and might contribute

to a better neurological outcome after OHCA.28,29 Notably the rates

of bystander CPR in both the ER and DA OHCA group in this study

were much lower compared to studies from the Netherlands, and

Scandinavia, where rates of up to 95% are described.11,12,19 In sev-

eral studies from countries without public awareness of bystander

CPR and accessibility of AED‘s the OHCA survival rate is close to

zero.30,31,32 This indicates Germany is still in need of increased pub-

lic awareness regarding the importance and necessity of CPR to

improve patient outcomes.

To our knowledge this is the first study to describe laboratory find-

ings and the implementation of mechanical circulatory support in ER

OHCA. On admission pH levels were significantly higher in ER

OHCA. Higher pH might also indicate better tissue perfusion as aci-

dosis is associated with refractory shock and worse outcome after

OHCA.33 However, there was no statistical difference in lactate.

These similar lactate levels on admission might be explained by

exercise-induced increase in baseline lactate in ER OHCA, even

despite the shorter no-flow time in this group.34,35 But this remains

speculative. Lower lactate levels are associated with survival and

good neurological outcome even after prolonged CPR due to refrac-

tory shockable rhythms.36 Further studies are warranted to continue

the investigation of lactate kinetics after exercise related ER OHCA.

The ER OHCA patients received an ECMO more often. This is

likely biased due to the younger age, shorter no-flow time and initial

shockable rhythm in ER OHCA. These factors drive the indication for

ECMO implantation in our hospital CPR workflow if patients are

unstable or in refractory cardiac arrest.37

As in DA OHCA acute coronary syndrome was the most frequent

cause of OHCA in the ER group. In the ER OHCA group a cardiac

cause (ER 80.6 vs. DA 67.7%) was numerically more common than

in the DA OHCA group. This suggests that in case a young athlete

collapses a cardiac cause is most likely. Thus, CPR plus AED defib-

rillation to treat shockable rhythms should be applied as fast as pos-

sible as the success rates are even higher than in other OHCA

patients. As a second step transport to a specialized center with

interventional cardiological capabilities is required, to offer the appro-

priate care to those patients and potentially improve prognosis.14 In

an additional analysis we found no significant differences in the med-

ian age of patients having an acute coronary syndrome versus pri-

mary arrhythmic event as a cause of OHCA in either of the

groups. This is surprising since one would suspect patients with pri-

mary arrhythmic events to be younger.38 The limited sample size of

this study might restrict the validity of this finding. Within the ER

OHCA group OHCA occurred most frequently during endurance

and ball sports. As ball sports are performed in teams this gives more

possibilities for bystander CPR. Witnessed, media covered, cardiac

arrests during large international sports events demonstrated that

CPR is usually not started by other athletes but by well-educated

and trained medical teams present.39 While a lot of attention is given

to cardiac arrests in professional athletes, ER OHCA occurs mostly

during recreational sports in the general population.40

Recent evidence from Sweden suggests that outcome of ER

OHCA occurring at sports arenas or public fitness centers is better,

likely due to bystander CPR and AED use.41 The European 2022

guidelines on ventricular arrhythmias and sudden cardiac death
prevention recommend the availability of public access defibrillation

at sites where cardiac arrest is likely to occur.38 What this exactly

means for public sport clubs and fitness centers is not defined. In this

study ER OHCA occurred during or shortly after exercise, with a high

rate of initial shockable rhythms, thus increased CPR training and

broader AED distribution in sport clubs and fitness centers might fur-

ther improve outcomes.

Also, it might be advisable to teach sport teams CPR and how to

use an AED, as they might be more likely to be confronted with such

an event than the broad public.42 In some American states like Flor-

ida all sports coaches must be CPR and AED certified by law, this

would also be a proper approach.43 Further Drezner et al demon-

strated that AED programs at high schools are highly effective in

improving outcomes after OHCA and that OHCA mostly occurred

at athletic facilities on school grounds.44 Overall, it is still of utmost

importance to set up effective campaigns on how to perform bystan-

der CPR and how to use an AED, a role model being campaigns

from northern European countries with high bystander CPR rates.6

Special efforts should be made to identify and improve care in

regions with worse outcomes.45

Another interesting finding is that within the ER group 33.3% had

documented left ventricular hypertrophy, which is higher than inci-

dences described in the general population.46,47 Left ventricular

hypertrophy is associated with an increased risk of sudden cardiac

death.48 The 2020 European guidelines on sports cardiology already

recommend cardiac screening for athletes above 35 years, espe-

cially if risk factors for coronary artery disease are present.2 Basic

tests include a resting electrocardiogram, which also aids in detect-

ing channelopathies in young athletes.2,38 Thus improving prevention

and screening for cardiovascular disease in the exercising population

might potentially aid in the prevention of ER OHCA.

Limitations

Limitations of this study include its observational, retrospective, and

single-center design and a limited sample size. In this study only

patients transported to a cardiac arrest center with immediate capa-

bilities of percutaneous coronary intervention and extracorporeal

CPR were analyzed. Usually young and highly unstable patients

are brought to such centers which leads to a highly selected patient

population in this study. Also, the fact that trauma and drowning

patients are not referred to the cardiac arrest center leads to further

restriction of the study cohort which might lead to a referral bias. Fur-

thermore, due to missing data in the study population, there was no

discrimination between ER OHCA occurring during competitive ver-

sus recreational sports as well as in athletes and non-athletes.
Conclusion

Within this observational cohort, patients suffering an ER OHCA, had

more favorable prognostic factors compared to DA OHCA. This

translated to better survival to discharge.

Patients with ER OHCA mostly had a cardiac cause of arrest, and

these patients might benefit from treatment at a cardiac arrest center

with capabilities of coronary angiography and extracorporeal CPR.

While ischemic etiology was similar, the prevalence of malignant

arrhythmia was higher compared to DA OHCA. These findings
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underline the need for public awareness of the importance of a fast

first response, CPR and AED usage, especially for people involved

in team and endurance sports.
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