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ABSTRACT

Objectives Early defibrillation in out-of-hospital
cardiac arrest (OHCA) is of importance to improve
survival. In many countries the number of automated
external defibrillators (AEDs) is increasing, but the

use is low. Guidelines suggest that AEDs should be
installed in densely populated areas and in locations
with many visitors. Attempts have been made to
identify optimal AED locations based on the incidence
of OHCA using geographical information systems (GIS),
but often on small datasets and the studies are seldom
reproduced. The aim of this paper is to investigate if
the distribution of public AEDs follows the incident
locations of public OHCAs in urban areas of Stockholm
County, Sweden.

Method OHCA data were obtained from the Swedish
Register for Cardiopulmonary Resuscitation and AED
data were obtained from the Swedish AED Register.
Urban areas in Stockholm County were objectively
classified according to the pan-European digital
mapping tool, Urban Atlas (UA). Furthermore, we
reclassified and divided the UA land cover data into
three classes (residential, non-residential and other
areas). GIS software was used to spatially join and relate
public AED and OHCA data and perform computations on
relations and distance.

Results Between 1 January 2012 and 31 December
2014 a total of 804 OHCAs occurred in public locations
in Stockholm County and by December 2013 there were
1828 AEDs available. The incidence of public OHCAs
was similar in residential (47.3%) and non-residential
areas (43.4%). Fewer AEDs were present in residential
areas than in non-residential areas (29.4% vs 68.8%).
In residential areas the median distance between
OHCAs and AEDs was significantly greater than in non-
residential areas (288 m vs 188 m, p<0.001).
Conclusion The majority of public OHCAs occurred in
areas classified in UA as ‘residential areas‘ with limited
AED accessibility. These areas need to be targeted for
AED installation and international guidelines need to

Strengths and limitations of this study

» We have used rather simple GIS analyses available
in most GIS software.

» The UA dataset of European land use and cover
is freely available and therefore it is possible to
reproduce our analyses.

» We do not identify high-risk areas for OHCAs or
locations for AED installation but merely present the
spatial relation of public AEDs and public OHCAs in
Stockholm.

» The Swedish AED registry (SAEDREG) only holds
information voluntarily reported by AED owners
and lacks information on any AEDs sold but not
registered in SAEDREG.

» Due to the data format for population density
provided by Statistics Sweden, no analysis regarding
demographics was performed in conjunction with
the UA classifications.

take geographical location into account when suggesting
locations for AED installation.

INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) is
a major public health problem in Europe,
affecting some 300000 people each year'
with generally low survival rates of 5-10%.23
However, survival rates around 70% have been
shown in cases where an automated external
defibrillator (AED) is used by laypersons
or trained non-medical responders within
the first 3-5min.*® During the last decade
there has been an increase in the number
of publicly available AEDs in many countries
including Sweden,”r’_7 but the reported overall
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use of AEDs in OHCA is still relatively low ranging from
1.7% to 12.8%.”*? Public AEDs are considered beneficial
for OHCA in public locations,'” but AED installation in
the homes of patients at risk for OHCA has not shown
increased survival."!

Factors such as AED accessibility, bystander aware-
ness and willingness to act and long distances from the
location of OHCA to an AED may affect AED use.” '**
A distance of 100 metres between OHCA and AED is
considered favourable for achieving defibrillation within
the critical 3-5min after collapse.”” '® To facilitate early
defibrillation, recent guidelines from the European
Resuscitation Council (ERC) suggest that AEDs should
be placed in densely populated areas and in locations
with many visitors such as train and bus stations, airports,
sport facilities, casinos and shopping malls." Efforts have
been made to identify optimal locations for public AEDs
by analysing OHCA incidence and/or AED locations
using geographical information systems (GIS).'*" These
studies are often carried out on relatively small datasets
in a single city or limited regions and they use diverse
GIS methods, which may limit their reproducibility and
generalisability.

The aim of this paper was to investigate if the distri-
bution of public AEDs follows the incident locations
of public OHCA in urban areas of Stockholm County,
Sweden.

METHODS

Study area

Stockholm County contains the capital of Sweden and
comprises 26 political municipalities. Covering 6526 km”
with 2 231 439 inhabitants (342/km?), Stockholm County
is the most densely populated county of Sweden. However,
including sparsely populated rural areas, over 70% of the
population in Stockholm County are situated in areas
classified as Urban core and Outer urban areas.”’*

In Stockholm County there is a two-tiered nurse-staffed
ambulance system providing advanced life support in
OHCA. In addition, a dual—or in some cases triple—
dispatch of fire department and police alongside
the ambulance is used to shorten delay from call to arrival
and enable earlier defibrillation.”*!

Data collection
Data were collected from the following sources.

Swedish Register for Cardiopulmonary Resuscitation (SRCR)

SRCR is a national population-based register including
OHCA data since 1990 and all OHCA cases where the
ambulance crew has initiated cardiopulmonary resusci-
tation (CPR) are reported to SRCR.” OHCA cases are
collected prospectively by the ambulance crew and case
characteristics, bystander performance and interventions
on-scene by the emergency medical service (EMS) is
reported in accordance with the 2004 Utstein-style recom-
mendations.”® % However, SRCR includes some more
specific locations of OHCA such as train station, church

and airport.””?’ Since 2007, OHCA cases are reported in
close connection to the corresponding emergency call
through a web-based system and, from 2011, SRCR is esti-
mated to include 100% of the OHCA cases in Sweden.”

Swedish AED Register (SAEDREG)

SAEDREG is a non-compulsory register of public AEDs
in Sweden and contains information entered by AED
owners on AED location (ie, address and coordinates)
and accessibility (ie, access hours and owners’ contact
information). SAEDREG was established in 2009 and
is managed by the Swedish CPR council. To ensure a
high level of validity, an automated reminder is emailed
every 6months after registration and AED owners are
asked to verify all entered data. Only owner-verified AED
information is displayed on the SAEDREG web page. By
December 2013, SAEDREG held information on 7078
AEDs.” According to the Swedish Resuscitation Council,
this accounts for 36% of the AEDs sold in Sweden based
on figures from the AED companies in Sweden.”

Urban Atlas digital mapping tool

Urban Atlas (UA) is part of the European Commission’s
Global Monitoring of Environment and Security (GMES)
land monitoring service. UA is pan-European and based
on satellite images with a 2.5 metre resolution and
provides digital high-resolution land cover maps of 299
larger urban zones in the European Union including all
capital cities of member states.” UA data are supported
by reference data such as topographic maps and contain
19 land use/land cover classes.”®® UA data are freely
available in the form of shape files from the European
Environment Agency website.”” UA is primarily intended
as inter-comparable and reliable urban planning data and
is well-known and used for GIS analyses of urban areas in
Europe.zo_32

Selection of public OHCA cases

From the SRCR, OHCA cases in which the EMS crew
reported the location for collapse as being in public
locations (ie, outside the home) were selected for the
analysis. Cases reported as witnessed by the EMS crews
were excluded.

Selection of publicly available AEDs

From SAEDREG, all publicly available AEDs in Stockholm
County at 31 December 2013 were selected, regardless of
location and opening hours of the AED venues.

Obtaining geographical information

The geographical locations of AEDs in Stockholm County
were obtained from SAEDREG in the form of coordinate
pairs in the RT90 coordinate system.” The SRCR data
did not contain addresses or coordinates of incidence
locations of OHCA. The national dispatch organisation
in Sweden stores the coordinates of all emergency calls
in the incident logs. By matching the incident codes of
the selected OHCA cases from SRCR with the incident
logs from the dispatch centre in Stockholm County, the
geographical coordinates were obtained in the form of
coordinate pairs in the WGS84 coordinate system.™
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To facilitate further GIS analysis and to preserve the
distance relations, the two datasets were converted to the
SWEREF99 coordinate system.”

Categorisation of urban areas

For analysis of the geographical distribution of public
OHCAs and public AEDs in urban areas of Stockholm
County we used the classification: land with human
activity or non-agricultural, taken from the UA decision
matrix. These urban areas were reclassified as either: (1)
residential areas; (2) non-residential areas; or (3) other
areas, based on their dominant land use and land cover.
The definitions and descriptions of the UA subcategories
are found in section 4.6. of the mapping guide for UA.*

UA and it’s classifications do not account for popu-
lation density, inhabitants or visitors over time in these
areas. It is merely a classification of the area's predomi-
nant use.”

The residential area class was aggregated from six UA
land cover subcategories defined as areas with dominant
residential or inner-city areas with central business districts
and residential use. Non-residential areas comprise artifi-
cial surfaces where industrial, commercial or leisure and
recreational use are predominant.

Areas defined in UA as road and rail networks and as
areas with a strong human influence but not containing
specific information determining if the area is residen-
tial or non-residential (ie, construction sites, dump sites
and land without current use) were removed from the
UA layer, and public OHCA and AEDs in these loca-
tions were coded as the nearest neighbouring area.
For example, an OHCA occurring on a road passing
through a residential area was coded as having occurred
in the surrounding area, and an OHCA occurring at
a construction site within a non-residential area was
consideredto occur in the surrounding or neighbouring
area . The class 'other areas' was created from land with
little or no human influence, in UA defined as agricul-
tural, semi-natural areas, wetlands and forests.”® Areas of
Stockholm County defined in UA as water were excluded
from analysis of OHCA and AED locations. Figure 1 gives
a closer description of the urban subcategories including
map cutouts for easier interpretation and shows the
reclassification of residential and non-residential areas.

In the new residential and non-residential area catego-
ries, the subcategories from UA were kept but renamed
for easier referral. The residential area subcategories
were named R (for residential) and numbered R1 to R6
(figure 1). The numbering indicates a decreasing conti-
nuity of building density and soil sealing from R1 (the
most dense urban area) to R5 (defined as a discontin-
uous urban area of very low density) and R6 (isolated
structures) according to the UA decision matrix.® The
non-residential area subcategories were named NR (for
non-) and numbered NR1 to NR4 (figure 1).

GIS computation of public OHCA and AED relations
To identify the locations of public OHCA incidence and
AEDs, the respective coordinates were joined with the

UA layer using the spatial join tool in the GIS software
QGIS 2.10.* For comparison of Euclidean distance (ie,
straight line distance between OHCA and the nearest
AED), the function 'nearest neighbour' in QGIS 2.10 was
used.

Statistics

Descriptive statistics were calculated in IBM SPSS 22.0 for
Mac (IBM, Armonk, NewYork, USA). The Mann—-Whitney
U-test was used to test significance for continuous vari-
ables. p Values of correlation were calculated with
Spearman’s rank correlation coefficient and p values
<0.05 were considered statistically significant.

RESULTS

Between 1 January 2012 and 31 December 2014 a total
of 804 OHCAs occurred in public locations in Stock-
holm County and 1828 publicly available AEDs in the
region were registered in SAEDREG by 31 December
2013.

The reclassified land use/land cover data comprises
643km? of residential areas, 311km? of non-residential
areas and 5220 km? of other areas (table 1). Further on in
this section the relationship between public OHCAs and
AEDs is presented for the new land use classes residential
and non-residential areas. The results for other areas are
presented solely in table 1.

There were only small differences in the incidence of
public OHCAs between the three urban areas in relation
to daily or yearly temporal variation.

Public OHCA incident locations

In the new land use class defined as residential areas,
380 (47.3%) of the public OHCAs occurred compared
with 349 (43.4%) in non-residential areas. The largest
proportion of public OHCAs in the subcategories resi-
dential and non-residential areas was in R3 where 104
(12.9%) occurred and in NR1 where 228 (28.4%)
occurred (table 1).

Public AED locations

Of the publicly available AEDs, 537 (29.4%) were located
in residential areas and 1258 (68.8%) were located in
non-residential areas. The largest proportion of all public
AEDs in the subcategories of residential and non-residen-
tial areas was in R1 where 14.6% were located and in NR1
where 59% were located (table 1).

Public OHCA incident locations and public AED locations

In residential areas the highest proportion of public
OHCAs (27%, 104/380) occurred in R3 where the AED
proportion was 11% (59/537). The highest proportion of
AEDs in residential areas (50%, 267/537) was found in
R1 where 21% (80/380) of the public OHCAs occurred.
In non-residential areas the highest proportion of public
OHCAs (65%, 228/349) was in NR1 where the highest
proportion of AEDs (86%, 1079/1258) was also found
(table 1).
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Residential areas

buildings.

are exceptional.

rise buildings.

aardens.

buildings.

Non-residential areas

Z0O0:

Figure 1

UA class 1.1.1 Continuous urban fabric.
Land Use: Predominant residential use. Downtown areas and city centres with
residential use, in these particular cases blocks of houses, often high rise

Land Cover: Average degree of soil sealing >80%, vegetation and bare soil

UA class 1.1.2.1 Discontinuous urban fabric.
Land Use: Suburban and/or city centre areas with single family houses or high-

Land Cover: Soil sealing degree 50% - 80%. Non-sealed areas may be
planted areas, small parks, playgrounds or common green areas.

UA class 1.1.2.2 Discontinuous urban fabric.

Land Use: Residential area but the vegetated areas (gardens/lawns) is
predominant. Single housings in suburban areas.

Land Cover: Soil sealing degree 30% - 50%. Non-sealed areas are private
gardens or common green areas and playgrounds.

UA class 1.1.2.3 Discontinuous urban fabric.

Land Use: Residential area but vegetated areas (private gardens/lawns) is
predominant. Single houses, farther apart. Suburban or semi-rural areas.
Land Cover: Soil sealing degree 10% - 30%. Non-sealed areas are larger
private gardens or common green areas.

UA class 1.1.2.4 Discontinuous urban fabric.

Land Use: Residential area but vegetated areas (private gardens/lawns) is
predominant but not dedicated to forestry or agricultural. Single houses with
large gardens in suburban/semi-rural areas.

Land Cover: Soil sealing degree 0% - 10%. Non-sealed areas are large private

UA class 1.1.3 Isolated structures.
Land Use: Rural areas, small individual farm houses and related

Land Cover: Buildings are not surrounded by any urban class but
agricultural areas as fields or forests.

UA class 1.2.1 Industrial, commercial, public, military and private units.
Land Use: For example shopping malls and industrial compounds, high-rise
office buildings, governmental buildings, schools and hospitals all with
surrounding parking areas and garages. Land Cover: Artificial structures or
artificial surfaces and associated areas as roads and vegetated areas.

UA classes 1.2.3+ 1.2.4 Port and Airport areas.

Land Use: Administrative area of inland harbours/seaports and airports.
Land Cover: All port and airport installations including runways, docks, quays
and other associated areas.

UA class 1.4.1 Green urban areas.
Land Use: Public green areas for recreational use as parks, gardens and

S.
Land Cover: Artificial or non-artificial green areas and suburban natural areas
that are managed as urban parks.

UA class 1.4.2 Sports and leisure facilities.

Land Use: Sport and leisure facilities as golf courses, sports fields,
racecourses, amusement parks, marinas and swimming pools.
Land Cover: Artificial areas made to suit the use of the facility.

Description of the Urban Atlas (UA) subcategories creating the residential and non-residential areas of Stockholm,

Sweden including map cut-outs for visualisation. The text includes the original UA subcategory numbering as well as UA land
use and land cover descriptions. R, residential area (R1-R6);NR, non-residential area (NR1-NR4); UA, Urban Atlas.

Median distance from OHCA to AED

The median distance from public OHCA to the nearest
AED was significantly shorter in non-residential areas
than in residential areas (188 m vs 288 m, p<0.001). The
IQR was 60.0-475.1 m for residential areas and 120.8-
655.6 m for non-residential areas.

The two subcategories with the largest proportions
of public OHCA (R3 in residential areas and NRI in
non-residential areas) had a median distance of 355 m
and 141.6 m, respectively, from the OHCA to the nearest
AED. The shortest median distance from a public OHCA

to the nearest AED and the only median distance below
100 m was found in subcategory R1 (table 1).

DISCUSSION

The main finding of this study is that, even though the
incidence locations of public OHCA in Stockholm
County were evenly distributed between areas defined by
UA? as residential and non-residential areas, more than
two-thirds of the available AEDs were located in non-res-
idential areas.
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Ambulance
Public Distance response
Public available OHCA to time 30-day
OHCA AED Area OHCA/100km? AED/100km?  AED (median) (median) survival
Residential 47.3 (380) 29.4 (537) 643 7.4 83.5 288.4 11.0 17.8
areas

R2 (UA1.1.2.1 6.7 (54) 4.8 (88) 16.8 39.9 523.8 186.3 10.0 NA
Discontinuous

Dense, SL

50-80%)

R4 (UA1.1.2.3 11.7 (94) 3.9 (72) 186.4 6.3 38.6 520.4 13.0 NA
Discontinuous

Low Density,

SL 10-30%)

R6 (UA 1.1.3. 0.9 (7) 0.4 (7) 63.7 1.4 11 1309.1 18.0 NA
Isolated
Structures)

NR1 (UA1.2.1 28.4(228) 59 (1079) 119.7 23.7 901.4 141.6 9.50 NA
Industrial,
commercial etc)

NR3 (UA 1.4.1 6.1(6.1) 0.8(15) 87.6 7 171 348.7 12.0 NA
Green urban
areas)

Other areas 9.3 (75) 1.8 (33) 5291.7 0.2 0.6 1217.5 16.0 10.8

02 (UA3 5.8 (47) 1.1(21) 3959.8 0.1 0.5 1414.6 16.0 NA
Forests)

(3]
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Figure 2 A map of the central and closest suburban areas of Stockholm, Sweden visualising the representation of residential
and non-residential areas according to our reclassification of the Urban Atlas (UA) land cover classes and the distribution of
public OHCA locations and AED locations. AED, automated external defibrillator; OHCA, out-of-hospital cardiac arrest.

Figure 2 depicts the locations of public AEDs and
public OHCA incidences in the central and closest
suburban areas of Stockholm city and figure 3 displays a
close-up of an area where the mismatch between OHCA
incidence locations and AED installations in residential
and non-residential areas is clearly visible.

OHCA incidence location

According to the Utstein Resuscitation Registry templates,
the specific location of an OHCA should be reported
to aid communities to optimise resources. The Utstein
template for reporting OHCA incident locations suggests

Legend

@ Public OHCA

@ AED

[ Buildings

Land use

[ Residential areas
I Non-residential areas
[ Streets

[] Other areas

&8 400 eoom

Figure 3 Close-up of an area just south-west of the central parts of Stockholm, Sweden. This visualises the mismatch in
public OHCA incidence and AED locations between residential and non-residential areas. AED, automated external defibrillator;

OHCA, out-of-hospital cardiac arrest.
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the following reporting options: home/residence; indus-
trial/workplace; sports/recreation event; institution;
other and unspecified/unknown/not recorded.”’

Data on public OHCA incidence in the present study
were acquired from the SRCR, an Utstein style cardiac
arrest registry with a high level of inclusion and validity™
that uses a modified Utstein template for reporting the
incidence location of OHCAs.” In Sweden, ‘street and
square’ is the most common reported location for OHCAs
in publiclocations over the last 8 years, comprising 7.6% of
17756 reported OHCAs.” Nonetheless, residential loca-
tions are still the most common location for OHCAs in
Sweden® and internationally.” *

An OHCA reported as occurring in a street location
could have dramatically different likelihood for AED
use, depending on whether the street location is on the
parking lot of a large shopping mall or on the kerb outside
a suburban housing area—that is, in a non-residential or
residential area according to the UA classification. The
same may apply for bystander CPR rates in different loca-
tions based on numbers of visitors and accessibility, but
this is not analysed in the present study.

A study from Japan reported that 9.5% of bystander-wit-
nessed OHCAs occurred in public locations. A high rate
of AED use was reported from railway stations (41.2%)
and sport facilities (56.5%), although with low actual
numbers of cases (n=17and n=23, respectively). However,
562 (68%) of the public OHCASs in the study reportedly
occurred in locations defined as ‘other’ according to the
Utstein template, and here the AED use was as low as
3.6%.” It is reasonable to believe—but not further elabo-
rated on—that these ‘other’ locations are very diversified.

We believe the data reporting options suggested by the
Utstein template may somewhat limit the understanding
of the low AED usage.

In the present study we have analysed all OHCAs in
public locations, regardless of the location reported in
SRCR. This method of including all public OHCAs regard-
less of locations allowed us to include and analyse OHCA
cases in locations reported as ‘unknown’ or ‘other’, in
contrast to the Japanese study, and this revealed an equal
incidence of public OHCAs in residential or non-residen-
tial areas. This, in our opinion, more objective approach to
analysing incidence locations of public OHCAs and AEDs
based on area rather than the traditional more subjective
use of locations reported by ambulance crews, could add
valuable insights to this field of research. Figure 3 visua-
lises an area of Stockholm where the mismatch between
public OHCA incidence locations and AED installation
sites is clearly visible.

It is, however, important to clarify that UA and the
subcategory classifications used in this work do not reflect
population density, inhabitants or number of visitors.

AED location

In the present study two-thirds of the AEDs were located
in non-residential areas. A Canadian study reported
similar findings when categorising public OHCA

incident locations and AED installation sites as either in
or outside the downtown area. The study reported that
the downtown area had a greater AED coverage of public
OHCAs than outside the downtown area (49% vs 17%),
but at the same time 80% of the public OHCAs occurred
outside the downtown area.'” This indicates a tendency
for AED installations in commercial areas of the urban
environment.

Current European Resuscitation Council guidelines
suggest that AEDs should be placed in locations with many
visitors and specifically point out public locations such as
train and bus stations, airports, sport facilities, casinos
and shopping malls.! However, the guidelines also suggest
that AEDs should be placed in densely populated areas
but do not specify such locations or the appropriate level
of density." In the present study we noted a higher public
OHCA incidence in residential areas which, according
to UA, consist of low and medium density housing areas,
than in areas of a more dense character® (table 1 and
figure 1). This raises the question of how densely popu-
lated an area should be in order to be considered a target
for AED installation.

With guidelines specifically pointing out locations for
AED installation mainly present in areas in UA defined as
non-residential areas, an unfavourable mismatch between
AED locations and public OHCA incidence locations may
be the result, as the present study suggests.

Previous work from the USA described a poor associ-
ation between location of OHCAs and AED placements
and stated that no AEDs were located in the most
frequent locations for OHCAs.*” That study included
OHCAs in patients' homes, which we believe may obscure
the analysis of associations between OHCA and AED
locations. Previous work concludes that public AED
use is most effective in public settingsw 142 and not in
peoples' homes.'" Systems that use mobile telephones
to alert volunteer laypersons to reach OHCA victims in
their home environment have been introduced.*™*® This
may somewhat eliminate the effect of mismatch in AED
installations shown in the present study.

Some caution should be observed when using UA for
evaluating health outcomes since it was primarily devel-
oped as a tool for pan-European urban planning purposes.
Our findings of relationships between public OHCA and
AED locations need to be verified in or between other
cities, regions or countries. With the UA datasets freely
downloadable for most major cities/urban zones of the
European Union, a reproduction of our study is possible
if AED and OHCA registries with geocoded datasets are
available.

Based on the findings from the present study, we aim
to identify possible locations for AED installations more
evenly distributed between residential and non-residen-
tial areas of Stockholm County.

Distance from OHCA to AED
We noticed a significantly lower median distance between
public OHCAs and AEDs in non-residential areas

Fredman D, et al. BMJ Open 2017;7:014801. doi:10.1136/bmjopen-2016-014801
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compared with residential areas. A possible explanation
is that area size and AED enumeration is the key to a
favourable distance or coverage (table 1). A distance of
100 metres to the nearest AED is assumed an upper limit’
for defibrillation within the early critical 3-5min."” "% A
median distance of less than 100 metres only appeared
in the smallest (6.6km?) residential area subcategory, R1.
According to UA reference publications, this subcategory
includes downtown areas and city centres.® In this area
the highest AED/100 km? value is identified, due to its
small size but high rate of AEDs (table 1).

The previously mentioned Canadian study showed a
60% lower median distance between public OHCAs and
AEDs in downtown areas. The authors reflect on the
shorter median distance being a result of higher numbers
of AEDs located in a smaller area.'” This raises the ques-
tion whether the AED/100 km? ratio may be as valid as
the suggested 100 metre distance, widely adopted , but
not verified by randomised trials.

CONCLUSION

Our results show that the majority of public OHCAs in
Stockholm County occur in areas classified in UA as resi-
dential areas, where AED accessibility is limited. Our
findings indicate that residential areas need to be consid-
ered priority targets for AED installation and that looking
at area rather than location, using geodata tools such as
UA and GIS, can contribute to identifying these areas. We
also believe that international guidelines need to take
geographical location into account when suggesting loca-
tions for AED installations.

Correction notice This paper has been amended since it was published Online
First. Owing to a scripting error, some of the publisher names in the references
were replaced with 'BMJ Publishing Group'. This only affected the full text version,
not the PDF. We have since corrected these errors and the correct publishers have
been inserted into the references.
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