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A B S T R A C T

Background: In Europe, survival-rates after out-of-hospital cardiac arrest (OHCA) vary widely between regions.
Whether a system dispatching First Responders (FRs; main FR-types: firefighters, police officers, citizen-respond-
ers) is present or not may be associated with survival-rates. This study aimed to assess the association between
having a dispatched FR-system and rates of return of spontaneous circulation (ROSC) and survival across Europe.
Methods: Results of an inventory of dispatched FR-systems for OHCA in Europe were combined with aggre-
gate ROSC and survival data from the EuReCa-TWO study and additionally collected data. Regression analysis
(weighted on number of patients included per region) was performed to study the association between hav-
ing a dispatched FR-system and ROSC and survival-rates to hospital discharge in the total population and in
patients with shockable initial rhythm, witnessed OHCA and bystander cardiopulmonary resuscitation (CPR;
Utstein comparator group). For regions without a dispatched FR-system, the theoretical survival-rate if a dis-
patched FR-system would have existed was estimated.
Findings:We included 27 European regions. There were 15,859 OHCAs in the total group and 2,326 OHCAs in
the Utstein comparator group. Aggregate ROSC and survival-rates were significantly higher in regions with
an FR-system compared to regions without (ROSC: 36% [95%CI 35%-37%] vs. 24% [95%CI 23%�25%]; P<0.001;
survival in total population [N=15.859]: 13% [95%CI 12%�15%] vs. 5% [95%CI 4%�6%]; P<0.001; survival in
Utstein comparator group [N=2326]: 33% [95%CI 30%�36%] vs. 18% [95%CI 16%�20%]; P<0.001), and in
regions with more than one FR-type compared to regions with only one FR-type. All main FR-types were
associated with higher survival-rates (all P<0.050).
Interpretation: European regions with dispatched FRs showed higher ROSC and survival-rates than regions
without.
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

When treating out-of-hospital cardiac arrest (OHCA), a swift pre-
hospital response is essential. If the delay in response is too long, an
initial shockable rhythm may dissolve into a non-shockable rhythm,
thereby decreasing survival chances.[1] The use of automated exter-
nal defibrillators (AEDs) before Emergency Medical Service (EMS)
arrival reduces the time from call to defibrillation of OHCA-patients
with a shockable initial rhythm, thereby increasing their chances on
survival.[2] To increase the likelihood of immediate provision of car-
diopulmonary resuscitation (CPR) and rapid defibrillation with an
AED, systems that dispatch First Responders (FRs) have been devel-
oped all over Europe.[3,4] Because the implementation of such sys-
tems may be influenced by local circumstances and policies, there is
a wide variety of dispatched FR-systems, both between and within
European countries.[5] At present, over 50% of European countries
have a dispatched FR-system to respond to a suspected OHCA in
place.[5]
Survival-rates after OHCA vary widely between European regions.
[6] Whether a dispatched FR-system is present or not may contribute
to this variation. The number and type(s) of dispatched FR may also
play a role (FR-system may dispatch one or more of the following
types of FR: 1) firefighters, 2) police officers, 3) citizen-responders).
For instance, it was estimated that, in a region in the Netherlands
where firefighters and police officers are dispatched as FRs, 7% of
OHCA-patients would not have received a first shock within six
minutes if citizen-responders would not also have been dispatched.
[7] On the other hand, an additional gain in OHCA survival-rate upon
dispatch of a second or third FR-type may level-off as the number of
dispatched FR-types increases, because of the competing contribu-
tion of each FR-type.[8]

This study aimed to assess if having a dispatched FR-system is
associated with higher rates of return of spontaneous circulation
(ROSC) and survival to hospital discharge across Europe. Second, we
aimed to assess if European regions with more than one dispatched
FR-type have higher rates of ROSC and survival than European
regions with one dispatched FR-type. Finally, for European regions
without a dispatched FR-system, we aimed to estimate the theoreti-
cal survival-rate that would be achieved if a dispatched FR-system
would have existed.
2. Methods

2.1. Design and data collection

This research was conducted as part of the ESCAPE-NET project
that aims to discover the causes of and best treatments for OHCA.[9]
Results of a previous study (FR-ONE), which inventoried all current
dispatched FR-systems for OHCA across 29 European regions (coun-
tries [if one FR-system applied to the total country] or parts thereof
[if individual regions within one country used a specific FR-system])
[5], were combined with published aggregate ROSC and survival
results from the EuReCa-TWO study[6] and additionally collected
survival-rates. EuReCa-TWO was a prospective study, for which data
were collected from 28 European regions in the period October 1,
2017 - December 31, 2017. Because FR-ONE was not performed dur-
ing the same study period as EuReCa-TWO, the information on FR-
systems that was collected during the FR-ONE study was updated by
re-consulting the OHCA professionals that contributed to FR-ONE.[5]

OHCA-patients per study region and their corresponding aggre-
gate rates of survival to hospital discharge came from two sources: 1)
the EuReCa-TWO published survival-rates, and 2) by contacting the
coordinator of the OHCA registry when different FR-systems existed
within one EuReCa region or when survival data were not published
in the EuReCa-TWO study. This applied to the following regions:
Province of Pavia (Italy), Region of Emilia Romagna (Italy), Region of
Stockholm (Sweden), Region of Marburg-Biedenkopf (Germany), and
the Region of Hradec Kralove (Czech Republic). To obtain survival-
rates from these regions, the coordinators of the OHCA-registry were
contacted through the ESCAPE-NET FR-ONE and EuReCa network. All
data collected complied with the Utstein definitions.[10]
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2.2. Definitions

A dispatched FR-system was defined as a system in which a dis-
patch centre directs persons not on medical duty to attend OHCA
events and initiate early CPR and possibly early defibrillation. Dis-
patched FR-types studied in the present study were: firefighters, police
officers, and citizen-responders. An extensive description of FRs and
EMS per region is provided in Supplementary materials: definitions.

Regions were categorized into one of three categories of compara-
ble size: (1) region without FRs; (2) region with one FR-type, and (3)
region with >one FR-type.

ROSC was defined as a period of at least 30 seconds of pre-hospital
ROSC. The Utstein comparator groupwas defined as the group of patients
with a shockable initial rhythm (defined as pulseless ventricular-tachy-
cardia or ventricular-fibrillation) and a bystander witnessed-OHCA.[11]

2.3. Outcomes

The primary outcome was defined as pre-hospital ROSC-rate and
survival to hospital discharge rate in the total study population (sur-
vivaltotal), and the secondary outcome was survival-rate to hospital
discharge of the Utstein comparator group (survivalcomparator).

2.4. Data analysis as performed per protocol

Rates of ROSC and survival were reported as mean (95% Confi-
dence Interval [CI]). Weighted regression analysis (based on number
of patients included per region) was used to study the association
between having a dispatched FR-system and rates of (1) ROSC, (2)
survivaltotal, and (3) survivalcomparator.

First, the association between FR-type and OHCA survival was
evaluated using weighted regression analysis. For the categorical var-
iable: “FR-type”, two dummy variables were created. Next, main FR-
types were analysed as a binary variable (FR-type dispatched [either
alone or complementary to other FR-types in one FR-system] vs. FR-
type not dispatched) using weighted regression analysis. As a post-
hoc exploratory analysis, we performed a weighted regression analy-
sis to explore a possible association between having a dispatched FR-
system and rates of bystander-CPR.

Finally, for regions without a dispatched FR-system and without
missing data (Spain, Croatia, Hungary, Italy [Province of Pavia], France
and Serbia), we estimated the theoretical change between observed
and expected survivaltotal rate to estimate the survival-rate in these
regions if a dispatched FR-system would have existed. The observed
rate was the mean survival-rate as reported in the EuReCa-TWO study
and/or additionally collected data through the ESCAPE-NET FR-ONE
study network. The expected rate was calculated by multiplying the
observed rate of a region without an FR-system by the relative increase
in mean survival-rate between regions with and without an FR-system.
The relative increase was calculated as (mean rate in regions with dis-
patched FR-system - mean rate in regions without dispatched FR-sys-
tem)/mean rate in regions without dispatched FR-system. This is
described in more detail in Supplementary materials methods: theoret-
ical increase. To calculate these estimations, we assumed that the fol-
lowing changes take place after implementation of an FR-system: (1)
the proportion of OHCA-patients in the Utstein comparator group
would increase, because the proportion of patients with a shockable
initial rhythm would increase (due to a shorter response time) and (2)
survival increase would be more substantial for patients in the Utstein
comparator group than for patients outside of it (non-comparator
group) as patients with a non-shockable initial rhythm and unwit-
nessed OHCA are less likely to benefit from early defibrillation and CPR.

Statistical tests were two-tailed, with P<0.050 considered statisti-
cally significant, and performed in SPSS (version 24.0 for Mac). To
account for multiple comparisons, the significance level was set at
P�0.010 for the linear regression analyses.
3. Results

3.1. First responder systems in Europe

In total, 27 European regions were included (Table 1). Of 22 from
the 29 FR-ONE regions, data could be combined with the aggregate
data of EuReCa-TWO; of 5 from the 29 FR-ONE regions additional
aggregate data was collected by contacting the coordinator of the
OHCA registry. Of 2 from the 29 FR-ONE regions data could not be
retrieved (Supplementary materials: data collection per region).

The updated results from the FR-systems inventory showed that
more than half (17 of 27) of the regions had an FR-system in place
(Fig. 1), including 10 regions with one FR-type and 7 regions with
>one FR-type (Table 1). Geographical clustering of dispatched FR-
types in Europe was not observed.

3.2. ROSC and survival-rates of regions with first responder system vs.
no first responder system

The number of OHCAs included for ROSC and survival analyses
was 15,859 in the total group (N=7,948 in regions with an FR-system,
N=7,911 in regions without an FR-system) and 2,326 in the Utstein
comparator group (N=1,210 in regions with an FR-system, N=1,116 in
regions without an FR-system). Rates of ROSC and survival per study
region are shown in Table 1.

Mean ROSC-rates were significantly higher in regions with an FR-
system than in regions without an FR-system (36% [95%CI 35%-37%]
vs. 24% [95%CI 23%�25%], P=0.001). Also, mean survival-rates were
significantly higher in regions with an FR-system than in regions
without an FR-system in both the total population and the Utstein
comparator group (mean survivaltotal 13% [95%CI 12%-14%] vs. 5%
[95%CI 4%�6%], P=0.001; mean survivalcomparator 33% [95%CI 30%-
36%] vs. 18% [95%CI 16%�20%], P=0.001).

The post-hoc exploratory analysis showed that regions with an FR-
system showed higher bystander-CPR rates than regions without an FR-
system (mean 59% [95%CI 58%-60%] vs. 46% [95%CI 45%�47%] P=0.003).

3.3. Association between number and type of FR-systems, and survival-rates

Regions dispatching one FR-type and regions dispatching one FR-
type had significantly higher mean ROSC-rates than regions that do
not dispatch FRs: 34% [95%CI 32%�36%] vs. 24% [95%CI 23%�25%]
P=0.001 and 40% [95%CI 39%�41%] vs. 24% [95%CI 23%�25%] P=0.001,
respectively (Fig. 2A). Moreover, regions dispatching >one FR-type
had significantly higher mean ROSC-rates than regions dispatching
only one FR-type: mean 40% [95%CI 39%�41%] vs. 34% [95%CI
32%�46%], P=0.001 (Fig. 2A).

Similar results were observed when survival-rates were studied.
For survivaltotal this was as follows: (1) one FR-type vs. no FR-type:
mean 12% [95%CI 11%�13%] vs. 5% [95%CI 4%�6%]; P=0.006; (2) >one
FR-type vs. no FR-type: mean 14% [95%CI 13%�15%] vs. 5% [95%CI
4%�6%]; P<0.005 and (3) >one FR-type vs. one FR-type: mean 14%
[95%CI 13%�15%] vs. 12% [95%CI 4%�6%]; P=0.015 (Fig. 2A). For survi-
valcomparator: (1) one FR-type vs. no FR-type: mean 32% [95%CI
28%�35%] vs. 18% [95%CI 16%�20%]; P=0.003; (2) >one FR-type vs.
no FR-type: mean 39% [95%CI 36%�43%] vs. 18% [95%CI 16%�20%];
P=0.002 and (3) >one FR-type vs. one FR-type: mean 39% [95%CI
36%�43%] vs. 32% [95%CI 28%�35%]; P=0.022 (Fig. 2B).

Presence of any of the FR-types was statistically significantly asso-
ciated with higher survival-rates (Supplementary materials: results).

3.4. Calculated theoretical survival-rates

The mean proportion of OHCA-patients in the Utstein comparator
group was 1.36 times higher in regions with an FR-system than in
regions without (19% vs. 14%, respectively, Table 2). The mean



Table 1
Overview per study region.

Country
(N=Population served)

First Responder
types (N)

OHCA
confirmed

(N)

Total population
of cardiac OHCAs

included for analyses
� CPR started (N)

CPR
started (%)

ROSC rate
of total

population

Survival rate
of total

population

Utstein
comparator
group (N)

Survival rate
of Utstein
comparator

group
First Responders dispatched N=10,038 N=7,948 N=1,116

Austria
N=3.444.711

Police officers (1) 457 348 76% 35% 8% 73 19%

Czech Republic
(Hradrec Kralove)
N=92.921

Firefighters, citizen-res-
ponders, police offi-
cers (3)

91 83 91% 55% 13% 18 39%

Germany
(Marburg- Biedenkopf)
N=245.013

Citizen-responders (1) 38 38 (100%) 45% 18% 7 43%

Denmark
(Copenhagen)
N=1.821.577

Citizen-responders (1) 391 331 85% 42% 12% 56 55%

Finland
N=4.138.648

Firefighters (1) 1133 565 51% 41% 15% 113 41%

Ireland
N=4.757.97

Firefighters, citizen-res-
ponders, police offi-
cers, off duty EMS (4)

870 592 68% 25% 7% 83 32%

Italy
(Emilia Romagna)
N=4.449.000

Firefighters, citizen-res-
ponders, police offi-
cers, taxi drivers (4)

52 52 (100%) 52% 27% 17 59%

Luxembourg
N=549.680

Firefighters (1) 138 64 46% 29% Missing 12 Missing

The Netherlands
N=3.869.347

Firefighters, police offi-
cers, citizen-respond-
ers (3)

574 440 77% 43% 19% 123 45%

Norway
N=5.267.128

Firefighters (3) 711 711 (100%) 28% 12% 121 39%

Poland
N=3.385.000

Firefighters (1) 739 382 52% 32% 8% 57 25%

Portugal
N=514.531

Firefighters (1) 99 52 53% 35% Missing Missing Missing

Romania
N=4.086.753

Firefighters, citizen-res-
ponders (2)

642 463 72% 16% Missing 42 0%

Sweden
(Stockholm)
N=1.553.000

Firefighters, citizen
responder, police offi-
cers (3)

202 202 (100%) Missing 10% 29 28%

Switzerland
N=2.415.000

** 432 264 61% 31% Missing 47 10%

Slovenia
N=1.209.479

Firefighters (1) 284 176 68% 38% 13% 41 32%

United Kingdom
N=20.245.023

** 3185 3185 (100%) 41% 9% 277 27%

First Responders not
dispatched

N=13,393 N=7,911 N=1,210

Bosnia & Herzegovina
N=110.979

None 46 22 79% Missing 0% Missing Missing

Cyprus
N=650.000

None 103 46 28% 20% 0% Missing Missing

France*
N=9.993.658

None 2433 2276 94% 19% 5% 341 20%

Greece
N=8.146.660

None 1129 742 36% 7% Missing 52 11%

Hungary
N=9.797.561

None 3430 1993 58% 23% 4% 299 12%

Croatia
N=1.895.000

None 429 284 66% 22% 9% 54 24%

Iceland
N=237.538

None 40 Missing 75% 43% Missing Missing Missing

Italy (Pavia)
N=547.251

None 204 204 (100%) 24% 6% 15 20%

Serbia
N=1.227.069

None 405 197 49% 20% 7% 41 10%

Spain
N=31.751.584

None 5174 2147 41% 37% 11% 408 32%

Abbreviations: EMS, emergency medical system; NA, Not Applicable; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation
* Firefighters are considered EMS
** Region was only taken into account in the main analysis (First Responders available versus First Responder not available). Region was left out in the sub-analyses with number and

type of First Responders, as this could not be determined accurately.
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Fig. 1. Overview of First Responders in Europe
Figure shows European regions that do dispatch First Responders in the event of an out-of-hospital cardiac arrest and regions that do not.
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survival-rate in the Utstein comparator group was 1.83 times higher
in regions with an FR-system than in regions without (33% vs. 18%).
The mean survival-rate in the non-comparator group was 1.67 times
higher in regions with an FR-system than in regions without (5% vs.
3%). With these calculated relative increases, we estimated survival-
total rates for Spain, Croatia, Hungary, Italy (Province of Pavia),
France and Serbia, if an FR-system would have existed (Table 2):
Spain, from observed 11% to estimated 23%; Croatia, from 9% to 17%;
Hungary, from 4% to 7%; Italy (Province of Pavia), from 6% to 8%;
France, from 5% to 10% and Serbia from 7% to 8% (Table 2). Also, the
following survivalcomparator rates were estimated: Spain, from
observed 32% to estimated 59%; Croatia, from 24% to 44%; Hungary,
from 12% to 22%; Italy (Province of Pavia), from 20% to 37%; France
from 20% to 37% and Serbia from 10% to 18%.

4. Discussion

4.1. Main findings

In the present study, we included 27 different European regions.
More than half (17 of 27) of the regions had an FR-system in place.

European regions dispatching FRs (either one FR-type or more
than one FR-type dispatched) have significantly higher rates of ROSC
and survival after OHCA when compared to regions that do not have
a dispatched FR-system. This is in line with prior research regarding
FR-systems for ROSC[12] and for OHCA survival.[13] Moreover, mod-
estly higher ROSC and OHCA survival-rates were observed in regions
dispatching more than one FR-type when compared to regions dis-
patching one single FR-type.

Presence of any of the main dispatched FR-types (firefighters,
police officers and citizen-responders) was statistically significant
associated with higher survival-rates.

4.2. Number of FR-types per system dispatched

Our study showed that the differences in number of FR-types dis-
patched (within one FR-system) may contribute to differences in
ROSC and OHCA survival-rates across Europe. When dispatching
more than one FR-type, a modest but significant increase in both
ROSC and OHCA survival-rate was observed when compared to dis-
patching one single FR-type. A second or third dispatched FR-type
may provide an early defibrillation shock to OHCA-patients who may
not have received an early shock if the FR-system was limited to one
or two FR-type(s) as observed in a prior study from the Netherlands.
[7] This could possibly increase ROSC and OHCA survival-rate. How-
ever, the increase in ROSC and OHCA survival-rate was only modest
when more than one FR-type was dispatched compared to one single
FR-type and (for survival) not statistically significant after we
reduced the P value to �0.010. A study from 2005 showed that equip-
ping police cars with AEDs in an urban area in the United States
where firefighters are dispatched did not improve OHCA Survival-
rate to hospital discharge.[8] It is possible that the increase in OHCA
survival-rate may level-off with an increasing number of dispatched
FR-types, because of their competing contribution to the OHCA chain



Fig. 2. First Responder system and survival-rates
Abbreviations: FR, First Responder
Figure shows (A) ROSC and the survival-rate in the total population and (B) the survival-rate in the Utstein comparator group; per dispatched First Responder category (No First Res-
ponders, One First Responder type, >One First responder type). P values indicate the differences between FR categories (groups compared: 1. One First responder type vs. No First
Responder type, 2. >One First responder type vs. No First Responder type and 3. >One First responder type vs. One First Responder type). The line within a First Responder category
corresponds to the 95% Confidence Interval.
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of care. In our study, there were too few observations to analyse the
association of FR-systems dispatching two or three different FR-types
with survival, thus not allowing for comparisons between two or
three dispatched FR-types.

It was already observed in 1996 that an increase in OHCA sur-
vival may be associated with the use of a two-tier EMS system
(the additional dispatch of BLS-providers or firefighters) as
opposed to a one-tier EMS system[14] and that changing from a
one-tier to a two-tier EMS system might be an attractive cost-
effective option.[15] However, recent studies into the relation
between dispatching FR-types and its health-economic impact
that could provide insight into the costs and benefits are scarce. A
previous study from the Netherlands that dispatched AED use dur-
ing resuscitation showed no association with lower in-hospital
health care costs (nor with higher costs).[16] Another study from
Ireland showed that an increased number of AEDs alone is unlikely
to improve survival in a cost-effective manner, though the study
does suggest that strategic deployment of AEDs by CPR-trained
FRs may be an important link in OHCA survival.[17] Future
research in the health economic field is needed.

4.3. Type of dispatched FR

The FR-ONE study showed that firefighters feature highly as FR-
types in Europe[5]. Other prior research suggested that firefighters
have a role in increasing OHCA survival-rate.[13,18�20] Also, FR-sys-
tems involving police officers and/or dispatched citizen-responders
may be promising.[13,21,22] In line with prior research, the present
study observed that all main FR-types individually may contribute to
higher OHCA survival-rates. Based on these results and supported by
results from a prior study[5], we could hypothesize that it is less
important which specific FR-type is dispatched but that differences
between characteristics of the main FR-types, such as whether
the FR-type is trained in CPR or not, may play a larger role.[5]
For instance, although frequent CPR-training is a feature of most
dispatched FR-systems in Europe, some regions allow citizen-



Table 2
Estimations of survival rates in regions without First Responder systems if a First Responder system would have been in place

Calculations used to determine the theoretical survival rate (from observed to expected)

No FR-system
Mean %

FR-system dispatched
Mean %

Relative increase*:
FR- system dispatched vs. no FR-system

1 Proportion of OHCA-patients in Utstein comparator group 14% (95%CI 13%-15%) 19% (95%CI 18%-20%) 36% (*1.36)

2 Survival rate in Utstein comparator group 18% (95%CI z17%-19%) 33% (95%CI 32%-34%) 83% (*1.83)

3 Survival rate in non-Utstein comparator group 3% (95%CI 3%-3%) 5% (95%CI 5%-5%) 67% (*1.67)

OHCA-patients OHCA survivors

Country Total group
N

Comparator group
%**

Non-comparator
group %**

Survivaltotal
%**

Comparator
group %**

Non-comparator
group %**

Observed rates
Spain 2147 19% (95%CI 17%-21%) 81% (95%CI 79%-83%) 11% (95%CI 10%-12%) 32% (95%CI 27%-37%) 6% (95%CI 5%-7%)
Croatia 284 19% (95%CI 14%-24%) 81% (95%CI 76%-86%) 9% (95%CI 6%-12%) 24% (95%CI 13%-35%) 4% (95%CI 1%-7%)
Hungary 1993 15% (95%CI 13%-17%) 85% (95%CI 83%-87%) 4% (95%CI 3%-5%) 12% (95%CI 8%-16%) 2% (95%CI 0%-4%)
Italy (Pavia) 204 7% (95%CI 3%-11%) 93% (95%CI 89%-97%) 6% (95%CI 3%-9%) 20% (95%CI 0%-41%) 3% (95%CI 0%-5%)
France÷ 2276 15% (95%CI 14%-16%) 85% (95%CI 84%-86%) 5% (95%CI 4%-6%) 20% (95%CI 16%-24%) 2% (95%CI 1%-3%)
Serbia 197 14% (95%CI 9%-19%) 86% (95%CI 81%-91%) 7% (95%CI 3%-11%) 10% (95%CI 0%-21%) 3% (95%CI 0%-6%)

Total group
N

Comparator group
N (%)

Non-comparator
group N (%)

Survivaltotal N
(%)

Comparator
group N (%)

Non-comparator
group N (%)

Expected rates
Spain 2147 558 (26%; 95%CI 24%-28%)*** 1589****(74%; 95%CI 72%-76%) 488 (23%; 95%CI 21%-25%)± 329 (59%; 95%CI 55%-63%)‡ 159†† (10%; 95%CI 9%-11%)‡‡

Croatia 284 74 (26%; 95%CI 21%-31%)*** 210****(74% 95%CI 69%-79%) 48 (17%; 95%CI 13%-21%)± 33 (44%; 95%CI 33%-55%)‡ 15†† (7%; 95%CI 4%-10%)‡‡

Hungary 1993 399 (20%; 95%CI 18%-22%)*** 1594****(80%; 95%CI 78%-82%) 136 (7%; 95%CI 6%-8%)± 88 (22%; 95%CI 18%-26%)‡ 48†† (3%; 95%CI 2%-4%)‡‡

Italy (Pavia) 204 20 (10%; 95%CI 6%-14%)*** 184****(90%; 95%CI 86%-94%) 16 (8%; 95%CI 4%-12%)± 7 (37%; 95%CI 16%-58%)‡ 9†† (5%; 95%CI 2%-8%)‡‡

France÷ 2276 455 (20%; 95%CI 18%-22%) 1821****(80%; 95%CI 78%-82%) 223 (10%; 95%CI 9%-11%)± 168 (37%; 95%CI 33%-41%)‡ 55 (3%; 95%CI 2%-4%)‡‡

Serbia 197 37 (19%; 95%CI 14%-24%) 160****(81%; 95%CI 69%-86%) 15 (8%; 95%CI 12%-12%)± 7 (18%; 95%CI 6%-30%)‡ 8 (5%; 95%CI 2%-8%)‡‡

Abbreviations: FR, first responder; OHCA, out-of-hospital cardiac arrest
* Relative increase was calculated as (mean (FR-system dispatched) –mean (No FR-system)) / (mean (No FR-system))
** N is not reported for observed rates, only percentages could be collected accurately based on published data
*** Proportion in comparator group (expected): proportion comparator group (observed) *1.36 [=relative increase proportion patients in comparator group]
**** Non-comparator, N (expected) = N total – N comparator (expected)
‡ Proportion survival in comparator group (expected): proportion survival in comparator group (observed) * 1.83 [=relative increase survival comparator group]
‡‡ Proportion survival in non-comparator group (expected): proportion survival in non-comparator group (observed) * 1.67 [=relative increase survival non-comparator group]
± Proportion survivaltotal (expected): N patients survived comparator (expected) + N patients survived non-comparator (expected) / N Total
÷ Firefighters are part of the EMS in France. Therefore, the calculated expected survival rate only applies to the situation in which either citizen-responders or police officers will be

added to an EMS system with firefighters being part of the EMS
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responders to register without validation of CPR-training.[5] Also, dif-
ferences in response capabilities between FR-types and/or the
method of alerting FR-types may influence OHCA survival-rates.[5]
For example, if an FR-type is based at the EMS station (which is the
case in some European regions) it may not be worthwhile to dispatch
that particular FR-type. Being stationed at the same location as the
EMS thus may result in that FR-type being rarely dispatched.

4.4. FR-systems and OHCA survival-rate

We found that survival-rates after dispatching FRs were higher
both in the total population and in the Utstein comparator group.
Previous findings from Sweden indicated that the main impact of FR
treatment on OHCA survival was seen in patients with a shockable
initial rhythm.[13]

We studied survival-rates at hospital discharge and were not able
to study survival-rates at hospital admission. Differences in survival-
rate at hospital discharge may be partly due to differences in in-hos-
pital treatment. Yet, a previous Swedish study showed that a higher
proportion of patients was admitted to the hospital alive when FRs
were dispatched, indicating that higher OHCA survival-rates are
likely achieved, at least in part, through prehospital actions by FRs.
[13]

To reduce possible effects of differences in in-hospital treatment
on differences in survival to discharge in our present analysis, we
also investigated ROSC. In line with the observed higher survival-
rates, regions dispatching FRs also showed higher ROSC-rates. How-
ever, the difference in ROSC-rate between regions where FRs are dis-
patched and regions where FRs are not dispatched was much smaller
when compared to the difference in survival-rate at hospital dis-
charge (a relative increase in ROSC-rate of 50% was observed in
regions dispatching FRs, while a relative increase in survival-rate of
160% was observed). This may, for example, suggest that regions
with a dispatched FR-system in place could transfer OHCA-patients
to hospitals that provide better post resuscitation care than those in
locations without FRs. Another possibility is that in regions with an
FR-system the time interval between the start of OHCA to ROSC is
shorter or that OHCA-patients receive higher CPR-quality from FRs.
[23] Patients who achieve ROSC earlier will arrive in a better condi-
tion and thus may have a higher chance of survival once admitted to
the hospital.[24] However, we have no data available to explore the
possibilities as mentioned above.

4.5. Implementation of a first responder system and raising awareness
of CPR

Our calculations regarding the theoretical change in survival for
regions without an FR-system may suggest that, if an FR-system
would be implemented, this might result in a higher OHCA survival-
rate in all regions, assuming that having an FR-system is associated
with survival.

Public health programs for raising awareness of CPR in the com-
munity have been implemented in many countries.[25,26] Among
others, the following public programs were associated with increased
bystander-CPR provision: mandatory CPR-education in elementary
schools and voluntary CPR-training in the community.[26]

It could also be that introducing an FR-system is a proxy for
increased public awareness of the need of bystander-CPR in case of
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OHCA. Higher awareness (after implementation of an FR-system)
might be associated with a higher likelihood of bystander-CPR and
subsequently, favourable survival outcomes after OHCA.[25] Our
post-hoc analysis suggesting a higher rate of bystander-CPR in
regions with an FR- system may support this line of thinking.

Implementation of an FR-system may be part of a combined
approach of several initiatives to improve the OHCA-chain of care.
[27] Therefore, the benefit of the presence of an FR-system may also
be a result of other beneficial improvements in the chain of care (for
example, having an organization goal).[28]

4.6. Strengths and limitations

This study has several strengths. First, data harmonization within
the ESCAPE-NET project and EuReCa-TWO study made it possible to
analyse the association between FR-systems and OHCA survival-
rates.[9] Second, all analyses were weighted based on the number of
included patients per region in order to take account of the variation
by chance in regional estimates.

Nonetheless, multiple limitations need to be considered. First,
we used aggregate data only, since patient-level data were not
available. This limited our possibilities to address confounding.
Furthermore, our aggregate data originated from different regis-
tries. Hence, differences in inclusion criteria may exist, which
may hamper the comparability of ROSC and survival-rates (i.e.
differences in % CPR initiated across the registries). We addressed
this issue by using the Utstein comparator group. Second, the
effectiveness of FRs depends among others on the response time
of the EMS. In a system with short EMS response times, dis-
patched FRs may have less added value than in a system with
longer EMS response times. Also, the effectiveness of a system
might be better assessed by AED-connection rate. However, EMS
response intervals and AED-connection rates were not available
in each of the participating regions. Nonetheless, our analysis of
the Utstein comparator group only includes OHCA-patients with
an initial shockable rhythm. A shockable initial rhythm eliminates
most cases (>50%) with more than 10-12 minutes delay from call
EMS to connection to AED or manual defibrillator, thus rendering
more comparable groups.[29] Third, other unmeasured differen-
ces between the included regions may have affected the results
of this study, such as differences in population characteristics or
in-hospital treatment. The association found in this study should
prompt further research to determine the size of the effect of FR-
systems when other differences between regions are adjusted for.
Also, we have no information on the proportion of FRs being first
on scene and the actual percentage of AED-connection rate by
FRs. Finally, as with all observational studies, we were only able
to study associations. A causal relation between FR-systems and
survival could therefore not be determined; inference and quanti-
fication of the effect of implementing an FR-system must be done
with caution.

Conclusion

European regions dispatching FRs after OHCA (either dispatching
one single FR-type or more than one FR-type) have significantly
higher rates of ROSC and survival to hospital discharge than regions
that do not dispatch FRs. Having a dispatched FR-system, dispatching
at least one FR-type (firefighters, police officers, citizen-responders)
for OHCA might increase survival-rate in Europe, but further prospec-
tive or randomized research is required.
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