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ABSTRACT

Introduction: The aim of the EuReCa ONE study was to determine the incidence, process, and outcome for
out of hospital cardiac arrest (OHCA) throughout Europe.
Methods: This was an international, prospective, multi-centre one-month study. Patients who suffered an
OHCA during October 2014 who were attended and/or treated by an Emergency Medical Service (EMS)
were eligible for inclusion in the study. Data were extracted from national, regional or local registries.
Results: Data on 10,682 confirmed OHCAs from 248 regions in 27 countries, covering an estimated pop-
ulation of 174 million. In 7146 (66%) cases, CPR was started by a bystander or by the EMS. The incidence
of CPR attempts ranged from 19.0 to 104.0 per 100,000 population per year. 1735 had ROSC on arrival at
hospital (25.2%), Overall, 662/6414 (10.3%) in all cases with CPR attempted survived for at least 30 days
or to hospital discharge.
Conclusion: The results of EuReCa ONE highlight that OHCA is still a major public health problem account-
ing for a substantial number of deaths in Europe.

EuReCa ONE very clearly demonstrates marked differences in the processes for data collection and
reported outcomes following OHCA all over Europe. Using these data and analyses, different countries,
regions, systems, and concepts can benchmark themselves and may learn from each other to further

improve survival following one of our major health care events.
© 2016 The Author(s). Published by Elsevier Ireland Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Out-of-hospital cardiac arrest (OHCA) is a major health problem
in Europe and in the United States. The numbers of patients who
have OHCA annually in these two parts of the world have tradition-
ally been reported to be 275,000 and 420,000 respectively.'? This
corresponds with an incidence rate of approximately 38.0-55.0
all-rhythm OHCAs per 100,000 person-years with resuscitation
attempted by Emergency Medical Services (EMS).

The best way to describe the epidemiology of a disease is to cre-
ate aregistry to which the disease is reported. With regard to OHCA,
such registries can involve an EMS service, a region, or a whole
country. A registry can describe changes over time in incidence,
survival, and various modes of treatment. An important modifiable
factor to measure in OHCA is bystander cardiopulmonary resuscita-
tion (CPR) which reflects the community involvement in treatment
of this emergency condition. In terms of OHCA, a number of reg-
istries have been built up outside Europe. Of particular note are the
Cardiac Arrest Registry to Enhance Survival (CARES), the Resusci-
tation Outcomes Consortium Epistry (ROC) in North America, the
All-Japan Utstein Registry, and the Pan-Asian Resuscitation Out-
comes Registry (PAROS).3-6

During the last decades a number of registries for OHCA have
been implemented in Europe.”"!7 These registries cover varied
parts of the participating countries. The greater part of Europe
however is not included in a registry with the aim of continuous
reporting of OHCA. Aregistry covering larger areas of Europe should
create the opportunity to build an overall picture of the epidemi-
ology of OHCA in these areas.

The lack of a pan-European registry means there is still a gap
in actual knowledge regarding the current incidence of OHCA and
furthermore, the survival after OHCA. The aim of this project of the
European Registry of Cardiac Arrest (EuReCa ONE) was to determine
the incidence, process, and outcome for OHCA in a large number
of countries in Europe. Major outcomes that were addressed in
this prospective analysis were return of spontaneous circulation
(ROSC), admission to hospital, and/or 30-day survival.

Methods

EuReCa ONE was an international, prospective, multi-centre
one-month study, designed as initial first step to establish a Euro-
pean Registry of Cardiac Arrest (EuReCa).!'® Patients who had an
OHCA during October 2014 which occurred in any participating
region and who were attended and/or treated by an Emergency

Medical Service (EMS) were eligible for inclusion in the study.
Patients were eligible for inclusion regardless of performance
or non-performance of a resuscitation attempt, arrest aetiology,
initial arrest rhythm, age, or gender. The study dataset was devel-
oped by the Steering Committee (SC) in accordance with Utstein
definitions.'? A revised Utstein dataset was introduced close to the
time of study inception, which included a new category of aeti-
ology i.e. ‘medical’. As well as ‘presumed cardiac’, the ‘medical’
category includes all other medical causes in which there is no obvi-
ous cause of cardiac arrest.'* In order to facilitate data collection
from existing systems, data on aetiology was collected for both the
‘presumed cardiac’ and ‘medical’ categories. The EuReCa ONE study
is registered with ClinicalTrials.gov (T02236819). The study proto-
col has been published previously and describes all questions to be
addressed in the EuReCa ONE Study (see Supplement S1).20

Countries were recruited to participate in EuReCa ONE through
an open invitation meeting during the European Resuscitation
Council (ERC) Congress in 2013. The recruitment process resulted
in 27 countries committing to participate in EuReCa ONE.

Each participating country was requested to identify one
National Coordinator (NC). All NCs signed a Memorandum of
Understanding agreeing that they were responsible for obtaining
ethical approval/waiver for participation in EuReCa ONE, coor-
dinating national data collection, assuring data quality, and for
submitting de-identified data for analysis. National Coordinators
were supplied with electronic copies of the dataset, coding, and
definitions and given a contact for the Study Management Team
(SMT) so that any specific queries could be dealt with by the SMT
or escalated to the SC as required. Each SMT member acted as a
liaison person for a group of countries and kept in contact with NCs
in case of issues arising.

Data were extracted from national, regional or local OHCA reg-
istries and databases, or by use of a paper version of the EuReCa ONE
datasheet for data collection. Data were obtained from: existing
registries with national coverage (five countries); existing registries
with partial country coverage (eight countries); registries provided
by the local Resuscitation Council (three countries); patient ambu-
lance records (three countries). Eight countries used paper-based
data collection and reported cases directly to the NC. Data ele-
ments were de-identified and data was transcribed by each NC
onto a EuReCa ONE Data Export Template and submitted via pass-
word encrypted secure electronic transfer to the specially designed
EuReCa website. Prior to transcription, NCs were expected to assure
the quality of the data being sent in terms of comprehensiveness
and adherence to data definitions and coding.
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After exploratory analysis on submitted data and clarification of
outstanding issues in relation to data quality were addressed with
NCs, the final data submission was completed in August 2015.

Statistical analysis

Incidence rates for one month were extrapolated to incidence
rates per 100,000 population per year. In countries with partial cov-
erage the covered population was calculated by adding regional
populations. Descriptive analyses of patient demographics, case
characteristics, and treatment and outcome variables were per-
formed for the whole group as well as for each participating country
in order to investigate the degree of variability between coun-
tries and regions. Survival was derived from status at 30 days, and
replaced by hospital discharge status in case of missing 30 days sta-
tus. Statistical analysis is based on cases where CPR was started by
a bystander or by the EMS.

In order to limit statistical uncertainty, for some analyses only
countries with ten or more cases were included. For selected cate-
gorical variables, e.g. ROSC or survival, 95% confidence intervals (CI
95) were calculated based on the Poisson distribution.

Role of the funding source

The study was funded by the European Resuscitation Council
(ERC) and by the individual registries within participating coun-
tries. Co-funding was provided by the German Anaesthesiology
Association (BDA). The Laerdal Foundation for Acute Medicine co-
funded a meeting of the NCs, the SMT, and the SC. The funding
organisations had no influence on the data analysis or preparation
of the manuscript.

The ERC appointed a SC that was responsible for the study
design, conduct, and data analyses. Technical and administrative
support was given by the SMT. Members of the SC had full access

to the study data and all NCs were responsible for critical revision
of the submitted version of the manuscript.

Results
Patient and process characteristics

Data on 10,682 confirmed OHCAs were collected from 248 dif-
ferent regions in 27 countries, covering an estimated population of
174 million (34%) of 514 million people living in these European
countries (Table 1). Seven countries provided national data, other
countries reported data from selected regions within the country
(range 1-51 regions). The population covered varied from 3% to
100% of the total population of the country. Three countries pro-
vided only cases when CPR was started. The lowest number of
reported patients for one country was four (Cyprus) and the highest
number was 1536 (United Kingdom). In 7146 cases, CPR was started
by a bystander or by the EMS. We found an OHCA incidence rate of
84.0 per 100,000 population for patients considered for resuscita-
tion by the EMS. The incidence of CPR attempts ranged from 19.0
to 104.0 per 100,000 population per year (Table 1).

The following calculations are based on all cases where CPR was
started by EMS or bystander. Mean patient age was 66.5 (SD 18.6)
years, and the median age was 70.0 years, (range 0-104) (Table 2).
The majority of patients were male (66.3%). The majority of OHCAs
(69.4%) occurred in a private residence. In 54.3% of cases the col-
lapse was witnessed by bystanders and in 11.9% by the EMS. In
47.4% of cases CPR was initiated by a bystander. The cause of OHCA
was presumed to be medical in 91.4% of cases. This included cases
where the presumed cause was reported as unknown or where data
was missing (24.0%), as these are also considered medical (includ-
ing cardiac) following the Utstein recommendations.'® A traumatic
cause was reported in 4.1% of cases (range 0-16.0%). The propor-
tion of telephone assisted CPR was reported from 21 countries. The

Table 1
Summiary data for all participating countries.
Code Country Total Population Percentage Regions Cases CA per 100,000 CPR CPR per
population covered covered with CA per year attempted 100,000 per
(in thousands) (in thousands) year
A Austria 8474 1538 18% 7 71 55 54 42
B Belgium 11,200 1530 14% 6 105 a 105 82
CRO Croatia 4285 1893 44% 6 98 62 66 42
CYP Cyprus 0.800 0.200 25% 1 6 36 4 24
(o4 Czech Rep. 10,520 4359 41% 7 886 244 379 104
DK Denmark 5614 1726 31% 1 116 81 101 70
SF Finland 5439 4445 82% 20 467 126 216 58
F France 66,318 17,166 26% 44 855 60 743 52
D Germany 80,620 13,416 17% 51 1369 122 738 66
GR Greece 11,030 6144 56% 7 253 49 165 32
H Hungary 9909 1288 13% 3 127 118 85 79
ICE Iceland 0.328 0.328 100% 6 13 58 10 44
IRL Ireland 4588 4588 100% 1 209 76 155 41
1 Italy 59,830 8015 13% 4 773 116 428 64
LUX Luxemburg 0.549 0.549 100% 3 46 102 28 62
NL Netherlands 16,800 4870 29% 3 250 62 190 47
N Norway 5048 3931 78% 11 188 57 167 51
PL Poland 38,530 2265 6% 1 275 146 133 70
P Portugal 10,460 0.262 3% 1 35 160 16 73
RO Romania 19,960 5344 27% 3 378 85 229 51
SRB Serbia 7164 3200 45% 7 488 183 159 60
SK Slovakia 5421 5421 100% 1 670 148 343 76
SLO Slovenia 2050 0.660 32% 4 38 69 25 45
E Spain 47,270 47,270 100% 17 1107 28 756 19
S Sweden 9593 7482 78% 20 301 a 301 48
CH Switzerland 8081 0.346 4% 1 22 76 14 48
UK United Kingdom 64,597 26,346 41% 12 1536 a 1536 70
Total 514,478 174,582 34% 248 10,682 - 7146 -

2 B, S, UK: only cases with cardiopulmonary resuscitation (CPR) attempted.



J.-T. Grdsner et al. / Resuscitation 105 (2016) 188-195

Table 2

191

Selected summary findings from all countries. Results are presented as overall mean value or percentage of all cases, and median with range of the individual country values.

Calculations are based on all cases where CPR was started by EMS or bystander.

No. of countries No. of cases Overall average Median of country values Range of country values
Cases with CPR attempted 27 7146 264.7 159 4-1536
Mean age (years) 27 6826 66.5 66.0 58.4-75.6
Male gender (%) 27 7004 66.3 65.7 50.0-90.0
Medical/cardiac cause® (%) 27 71462 91.4 90.1 78.1-100
Traumatic cause (%) 27 71462 4.1 3.7 0-16.5
Location: residence (%) 27 7052 69.4 67.1 46.4-79.9
Telephone CPR (%) 21 3439 299 304 0-100
Collapse witnessed (%) 27 6815 66.1 67.5 37.4-935
Bystander CPR (%) 27 6619 47.4 50.0 6.3-78.0
Shockable rhythm (%) 26 6533 222 23.6 4.4-50.0
ROSC (%) 27 6963 28.6 30.6 9.1-50.0

2 Missing or unknown values were considered as medical/cardiac.

average percentage was 30.0%. A shockable initial rhythm was
reported in 22.2% of patients, ranging between 4.4% and 50.0%.

Outcomes

Data on return of spontaneous circulation at any stage (ROSC)
was available for 6963 of 7146 patients (97.4%) (Fig. 1). Percentage
ROSC for all countries was 28.6% (n=1994) (Fig. 2). There was a wide
range of percentage ROSC reported (9.0-50.0%). Some countries

Confirmed cases of
OHCA

N=10,682

CPRnot attempted
N=3,536

Cases with CPR

attempted
N=7,146
R ROSC status missing |
I N=183
ROSC status
available
N=6,963

Admission status missing
N=79

A 4

Hospital admission status available
N=6884
ROSC 1,735 /ongoing CPR 740 /dead 4,409

Hospital treatment
N=2,475

Survival status missing
N=646

v

Survival to 30 days/
hospital discharge

569 of 1,829 (31.1%)

! ,
Survival in all cases

with CPR attempted
662 of 6,414 (10.3%)

Survival in all cases
with hospital outcome
662 of 2,005 (33.0%)

OHCA= out of hospital cardiac arrest,

ROSC= Return of spontaneous circulation, CPR= cardiopulmonary resuscitation

Fig. 1. Flow chart with number of cases. OHCA=out of hospital cardiac arrest,
ROSC=return of spontaneous circulation, CPR = cardiopulmonary resuscitation.

with a small number of cases reported high proportions of ROSC
with wide confidence intervals, but the range of reported ROSC
from countries with larger numbers of cases and narrow confidence
intervals also varied from less than 10.0% to more than 40.0%. The
incidence rate of ROSC ranged between 6.0 and 32.0 per 100,000
population per year.

The status on arrival at hospital was known for 6884 of the
7146 patients (96.3%) for whom a resuscitation attempt was started
(Fig. 3). Of these patients, 4409 died on scene or en route to the hos-
pital (64.0%). One fourth of patients (n=1735) had sustained ROSC
on arrival at ED (ROSC at hospital) (25.2%), and 740 patients (10.7%)
arrived with ongoing CPR. Of the patients with ROSC at hospital for
whom survival data was available, 543/1291 (42.0%) survived for
30 days or to hospital discharge. Of the patients with ongoing CPR
for whom data was available, 26/538 (4.8%) survived for at least 30
days or to hospital discharge (Fig. 4).

Data on survival to 30 days or to hospital discharge was avail-
able for 2005 of patients admitted to hospital, including those with
ongoing CPR and missing ROSC at hospital data. Of these patients,
662 (33.0%,) survived. The values of the participating countries
ranged from 6.4% to 66.7%. In all patients where CPR was started,
and hospital outcome was available (n=6414), 10.3% survived for
at least 30 days after OHCA or to hospital discharge (Fig. 5). This
percentage ranged from 1.1% and 30.8% among the participating
countries. The extrapolated incidence rate of survival for admitted
patients ranged between 0.2 and 17.3 per 100,000 population per
year (Supplementary Table S3).

100%
90% -
80% -|
70%
60% |

MIRTEYY todd
| e Ped,,

0% — T —T I T I T T
o w oo
zoa

ROSC Rate with 95% CI

sLo

Abbreviations: ROSC= Return of spontaneous circulation. Abbreviations for Countries names

are explained in Table 1.

Fig.2. ROSCratein patients with CPR attempted. The vertical lines represent the 95%
confidence intervals (CI). The graph includes 6963 patients from 27 countries (range
per country 4 - 1475). The overall result is 28.6%. Abbreviations: ROSC=return of
spontaneous circulation. Abbreviations for Countries names are explained in Table 1.
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IRL mwith ROSC ity
B ongoing CPR meswryra
RO = dead —y

GR 27
LUX

0% 20% 40% 60% 80% 100%
Abbreviations: ROSC= Return of spontaneous circulation, CPR= cardiopulmonary
resuscitation, Abbreviations for Countries names are explained in Table 1.

*Patients included in the ‘Dead’ category either died at scene or were pronounced dead on
arrival at hospital. Numbers to the right of each bar represent the total number of cases per

country.

Fig. 3. Status on hospital admission (n=6884)* Abbreviations: ROSC=Return of
spontaneous circulation; CPR=cardiopulmonary resuscitation; Abbreviations for
countries names are explained in Table 1. *Patients included in the ‘Dead’ category
either died at scene or were pronounced dead on arrival at hospital. Numbers to the
right of each bar represent the total number of cases per country.

Outcomes for the Utstein comparator group

The Utstein comparator group included patients with a
bystander witnessed arrest of suspected cardiac cause and an ini-
tial recorded shockable rhythm. In 12.5% of patients (890/7146),
all criteria for the Utstein comparator were available (Supplement
S2). Seven countries with less than ten patients in the Utstein
comparator group were excluded (25 cases). Information on ROSC
was available for 845 (98%) of these cases. The overall proportion
of ROSC was 56.8%, ranging from 25.0% to 84.6% between coun-
tries. Data on survival was available for 733 patients (85%) (Fig. 5).
Of these patients, 218 (29.7%) survived for at least 30 days or to
hospital discharge. Survival ranged between 5.3% and 57.9%. The
incidence rate of survival ranged from 0.1 survivors to 6.3 survivors
per 100,000 population (Supplement S3).

100%

90% -
80% -
70% -
60% -
50% -
40% -

i,

Hospital Survival Rate

10%

0% T T T
= =
g =

CYp
SLO

Abbreviations for countries names are explained in Table 1.

Fig. 4. Percentage survival in cases with CPR attempted (discharged from hospital
alive or alive at least 30 days after event). The vertical lines represent the 95% con-
fidence intervals. The graph includes 6414 patients from 27 countries (range 4 —
1218). The overall rate is 10.3%. Abbreviations for countries names are explained in
Table 1.
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Abbreviations for Countries names are explained in Table 1.

Fig.5. Hospital survival rate in the Utstein Comparator Group (cardiac cause, shock-
able rhythm, and collapse bystander witnessed). Hospital survival data was available
for 733 patients (seven countries with less than 10 cases were excluded: Austria,
Cyprus, Iceland, Luxembourg, Portugal, Slovenia, Switzerland; n=25). The vertical
lines represent the 95% confidence intervals. The percentage of patients per country
who belong to the Utstein Comparator Group is marked with ‘x’.

Abbreviations for Countries names are explained in Table 1.

Discussion

This is the first study reporting incidence, community involve-
ment (as bystander CPR), and outcomes following OHCA in 27
European countries. Assuming that the rate of OHCA was simi-
lar during the remaining eleven months of the year, we found
an incidence rate of 84 per 100,000 population. A previous study
reported 87.4 OHCAs per 100,000 person-years for Europe.2! Thus,
our results suggest that the incidence of OHCA in Europe is in the
range of what has previously been reported.

We found the overall incidence of OHCA where CPR was started
to be 49 patients per 100,000 population. This Fig. includes EMS
and bystander treated cardiac arrests. It is clearly higher than pre-
viously reported from Europe ten years ago (38.0 per 100,000).!
On the other hand, our findings are in good agreement with more
recent data from national surveys in Denmark and Sweden.”!? In
our study, for both these estimates, there was substantial variability
between countries which may reflect a variation in disease, report-
ing bias or a natural variability which will be commented upon in
the Limitations Section.

The proportion of patients with CPR attempted who were found
in ventricular fibrillation was 22.2%. This is a relatively low figure
as compared with the reported incidence 10 years ago in Europe
(42.9%)." However, these findings are in good agreement with a
reported decline in the incidence of VF both from Europe and from
USA.22 Our findings also concur with more recent studies of the inci-
dence of VF among patients with OHCA where CPR was attempted.’
However, there are countries in Europe where a higher incidence
of VF has recently been reported.??

Three previous studies have reported on the incidence and
survival of OHCA from a European perspective. The first survey
was published in 1999 and reported that many EMS systems in
Europe showed good results in terms of survival after OHCA.2*
The second survey was published in 2005 and reported an over-
all incidence of 38 EMS-treated OHCA per 100,000 person years
in Europe.! The corresponding Fig. for ventricular fibrillation (VF)
was 17. The overall percentage survival to hospital discharge was
10.7% for all rhythms and 21.2% for VF. It was extrapolated that
29,000 persons were successfully resuscitated each year after OHCA
in Europe. The third survey was published in 2011 and included five
regional/national registries.2> The incidence of attempted resusci-
tations after OHCA was reported to vary between 17.0 and 53.0
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per 100,000 person-years. There was a wide variability in terms of
bystander CPR and early survival.

Our study reports variability of ROSC from less than 10.0% up to
50.0%, and hospital survival ranging from less than 5.0% to 30.0%.
Differences in EMS structures and CPR practices may be a rea-
son for this and it should be remembered that reported data are
average values from every country. Nevertheless, we found a sim-
ilar difference within the systems and variability in the outcome
parameters.26

The “Utstein comparator group” is one way of defining a uni-
form population of victims of OHCA with the best chance of
survival. Within this group we also found a wide variability of
incidence, ROSC, admission to hospital, discharge and/or 30-day
survival. It may seem reasonable to assume that there should be
similar numbers of survivors in this group. However we found
hospital survival rates ranging from less than 6.0% up to 55.0%.
Recent publications describe a 30-day survival ranging from 20
to 31% in victims with witnessed cardiac arrest and VF.!127 In
a longitudinal study from North America, an increasing num-
ber of survivors were found but also with variability within the
participating systems.2® In relation to these outcome differences,
we might assume differences in bystander-CPR, quality of CPR
and post-ROSC treatment in our study group within the different
countries and systems. Recommendations for unique CPR metrics
have been published and should be used for describing quality.??
Also, a risk adjustment with more details about the victims and
the setting might be helpful to understand the variability in
outcome.??

Europe is a continent with different nations, cultures, medi-
cal treatment standards and OHCA outcomes. Differences in EMS
systems and community factors including bystander CPR may also
influence the outcome after cardiac arrest.

Limitations

First, the methods of data collection were not standardised
between contributing countries and regions and quality control
was limited to queries to the NCs. This may explain some of the
variation of incidence rates of initiated resuscitation between coun-
tries with ranges between 24 and 104 per 100,000 patients per year.
Considering that some variables had missing data, it is possible that
data were difficult to obtain in certain subgroups, such as patients
attended by the EMS for whom resuscitation was considered
futile.

Second, the results of our study show large differences in the
processes for data collection and outcomes between countries. Per-
centage ROSC following a resuscitation attempt varied between
9.0% and 50.0%, survival to discharge varied between 6.4% and
66.7%. This wide variation may be due to genuine differences
between countries, similar to the large variation in outcome as
reported for the Resuscitation Outcome Consortium centres.* That
study employed rigid and standardised methods of data collection
within one nation, to ensure data completeness and data quality.
They reported a five-fold range, much less than the 20-fold range
in survival rate that is reported in our study. Several explanations
therefore may play a role in the wide variability in outcomes in
our study. First, our study is a snapshot of OHCA in one month.
Given the inherent variability of outcomes of cardiac arrest, espe-
cially in small samples in part of the contributing countries, the
comparison between countries over such a short time period has
limitations. However, the combined data of all countries may add
to the robustness of the overall outcome as reported.

Third, variation in incidence rate may be due to seasonal vari-
ations or indicate, legal, cultural, and religious differences in the
willingness to activate EMS and to initiate resuscitation when a low

probability of success is expected, or to terminate efforts in the field,
which may affect admission rates. Three countries only reported
cases where resuscitation was started or continued by EMS staff.
Another issue that can influence outcome is the actual availabil-
ity of EMS resources to the population served. Higher availability
may promote the decision to start resuscitation, especially coun-
tries where bystander CPR is lower. These factors are not recorded
and it is not known how they may have affected individual cases.
This limits our interpretation of the data and attribution of these
differences to biological patient factors or to system paramaters of
health care for OHCA.

Conclusions

The results of EuReCa ONE highlight that OHCA is still a major
public health problem accounting for a substantial number of
deaths in Europe.

EuReCa ONE very clearly demonstrates marked differences in
the processes for data collection and reported outcomes follow-
ing OHCA all over Europe. Using these data and analyses, different
countries, regions, systems, and concepts can benchmark them-
selves and may learn from each other to further improve survival
following one of our major health care events.
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