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Abstract

Aims: Optimization of automated external defibrillator (AED) placement and accessibility are warranted. We examined the associations between AED

accessibility, at the time of an out-of-hospital cardiac arrest (OHCA), bystander defibrillation, and 30-day survival, as well as AED coverage according to

AED locations.

Methods: In this registry-based study we identified all OHCAs registered by mobile emergency care units in Copenhagen, Denmark (2008–2016).

Information regarding registered AEDs (2007–2016) was retrieved from the nationwide Danish AED Network. We calculated AED coverage (AEDs

located �200 m route distance from an OHCA) and, according to AED accessibility, the likelihoods of bystander defibrillation and 30-day survival.

Results: Of 2500 OHCAs, 22.6% (n = 566) were covered by a registered AED. At the time of OHCA, <50% of these AEDs were accessible (n = 276).

OHCAs covered by an accessible AED were nearly three times more likely to receive bystander defibrillation (accessible: 13.8% vs. inaccessible: 4.8%,

p < 0.001) and twice as likely to achieve 30-day survival (accessible: 28.8% vs. inaccessible: 16.4%, p < 0.001). Among bystander-witnessed OHCAs

with shockable heart rhythms (accessible vs. inaccessible AEDs), bystander defibrillation rates were 39.8% vs. 20.3% (p = 0.01) and 30-day survival

rates were 72.7% vs. 44.1% (p < 0.001). Most OHCAs were covered by AEDs at offices (18.6%), schools (13.3%), and sports facilities (12.9%), each

with a coverage loss >50%, due to limited AED accessibility.

Conclusions: The chance of a bystander defibrillation was tripled, and 30-day survival nearly doubled, when the nearest AED was accessible,

compared to inaccessible, at the time of OHCA, underscoring the importance of unhindered AED accessibility.
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Introduction

Early defibrillation with an automated external defibrillator (AED) can
increase survival from an out-of-hospital cardiac arrest (OHCA) to
>50%,1,2 and is associated with improved long-term survival, and
lower risks of anoxic brain damage and nursing home admission.3 Half
of patients are <65 years of age,4 which poses a substantial public
health burden and a considerable economic impact.5 In recognition of
the enormous unutilized potential for improving outcomes, the
American Institute of Medicine, the American Heart Association
and the European Resuscitation Council have specifically called for
actions to improve early defibrillation during OHCAs.4,6,7

AEDs are often untraceable or inaccessible, and thus, difficult to
locate when needed.8–11 Furthermore, AEDs are substantially more
likely to be used when registered and linked to emergency medical
dispatch centres.12 In Denmark, efforts have been made to improve
resuscitation after OHCAs including establishment of a nationwide
volunteer-based AED network (linked to emergency medical
dispatch centres since 2011).8,10,13 Although defibrillation by
bystanders in public locations have increased in Denmark, the
overall rate has remained low.13 Similar low rates have been
reported in several studies (stagnated around 2%–4%).14–17 Data on
whether AED accessibility is associated with bystander defibrillation
and influences patient survival is scarce.

The primary aims of this study were to (1) examine whether AED
accessibility at the time of OHCA was associated with bystander
defibrillation and 30-day survival in Copenhagen, Denmark, and (2)
examine the proportions of OHCAs that were covered by a registered,
accessibleAED,at thetimeofOHCA,accordingtothetypeofAEDlocation
in Copenhagen. As secondary aims, we examined temporal changes in
AED location types, AED registrations, and the 24/7 accessibility of
registered AEDs, both in Copenhagen and on a nationwide level.

Methods

Study design and setting

This registry-based, retrospective study included data on (1) the
numbers of registered AEDs (2007–2016) and the number of OHCAs
(2008–2016) in Copenhagen; and (2) the number of AEDs sold in
Denmark and the proportion registered in the nationwide Danish AED
Network (2007–2016). In 2016, Copenhagen had approximately
600 000 inhabitants and covered 97 km2, and Denmark had 5.7 million
inhabitants and covered 42 900 km2.18

The Danish AED Network

The Danish AED Network was established in Copenhagen in
2007 and extended nationwide in 2010. The registry links information
about individual AEDs to all emergency medical dispatch centres
across the country, which enables identification of the nearest
accessible AED in the event of an OHCA. The registry includes private
and public AEDs, and it can also be viewed by any individual, on a
smartphone and/or on a public webpage.13 Registration of AEDs is
voluntary, but recommended by the Danish Health Authority (also
recommending 24/7 AED accessibility) and most AED vendors.8,13

Four time points on nationwide registered AED data were
available: end of 2007, February 2012, January 2015, and January

2017. Registration of AEDs is continuously updated; thus, AEDs can
be removed, in case of improper validation, or if taken down/moved to
another location. The following information was retrieved for every
AED: date of registration, exact address/coordinates, the type of
organization of AED deployment, and the exact days/hours of
accessibility. To determine the specific type of location for each
registered AED, we used: (1) coordinates for the AED location, (2)
information about the Danish Industrial Classification that pertained to
the AED location, and (3) the type of organization where the AED was
deployed. The Danish Industrial Classification is a statistical
classification of economic activities, which is the National version of
the European Union’s nomenclature.19 The AED classification
according to the type of location is shown in Table 1 in Ref.20

OHCA study population in Copenhagen

The study population included all Emergency Medical Services (EMS)
treated OHCAs registered by the Copenhagen physician-staffed
mobile emergency care unit (MECU) physicians in the municipality of
Copenhagen, Denmark (2008–2016), as described previously.8,10,21

For any bystander intervention registered in Copenhagen during the
study period (CPR and/or defibrillation), a bystander was defined as a
person, with or without any previous training in resuscitation, present
at the scene of OHCA or present at an AED location nearby contacted
by the emergency medical dispatch centre and asked if they could
bring the AED to the OHCA location. During the study period there
were no dispatch first-responder programs for neither citizens nor
professional first-responders (such as police/firefighters delivering an
AED), in Copenhagen.

Geocoding and analysis of AED coverage of OHCAs in

Copenhagen

OHCAs with complete addresses were geocoded with the Building and
Housing Registry22 and MMQGIS in Quantum GIS 2.18.7.23 The route
distances (using road/pedestrian routes) from OHCAs to AEDs were
calculated with the network analyst feature in ArcMap 10.5.24 First, an
OHCA was defined as covered by an AED, if the OHCA occurred
�200 m from an AED and if the AED had been placed at the location
before the date of OHCA. The American Heart Association has
previously recommended AEDs to be placed �1.5 min of brisk walking
distance to OHCA locations; commonly translated to a straight-line
distance of 100 m.10,11,25 However, when taking the local infrastructure
into account, the route distance would be longer, and longer distances
are being used.26 Second, each covered OHCA was revaluated after
considering the time and date of the OHCA and the accessibility of the
AED, and coverage was categorized as (1) coverage by an accessible
AED or (2) coverage by an inaccessible AED. Loss of coverage was
calculated as the number of OHCAs �200 m from an AED, irrespective
of AED accessibility, minus the number of OHCAs �200 m from an
accessible AED, divided by the number of OHCAs �200 m from an
AED, irrespective of AED accessibility.10

Bystander defibrillation and 30-day survival, according to

AED coverage in Copenhagen

For each OHCA, we obtained information on 30-day survival from the
Danish Central Population Registry. We analysed all OHCAs covered,
and a subgroup of that group that comprised bystander-witnessed
OHCAs with a shockable heart rhythm, according to AED accessibility
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(accessible AED vs. inaccessible AED), and associations with
bystander defibrillation and 30-day survival.

Number of AEDs sold vs. registered on a nationwide scale

In Denmark, AED companies/vendors anonymously report the total
AED sale numbers/year to the Danish Resuscitation Council. Sales
numbers are collected for AEDs that are potentially publicly
accessible. AEDs sold for use in ambulances, MECUs, in-hospital
settings, the military, offshore facilities, or for deployment outside of
Denmark are not included because these AEDs are inaccessible to
the public in Denmark.

Statistics

We used the chi-squared test to compare bystander defibrillation and
30-day survival proportions among (1) all OHCAs in Copenhagen
covered by accessible vs. inaccessible AEDs, and (2) bystander-
witnessed OHCAs with a shockable heart rhythm in Copenhagen
covered by accessible vs. inaccessible AEDs. A 2-sided p-value
<0.05 was considered significant. Logistic regression analyses were
performed to examine associations between AED accessibility and
bystander defibrillation and 30-day survival among bystander-
witnessed OHCAs in Copenhagen (adjusted for age and sex). Results
arepresented asodds ratios (ORs)with 95% confidence intervals (CIs).

The number of registered AEDs/100 000 inhabitants in Copenha-
gen, and the number of sold and registered AEDs/100 000 inhabitants
nationwide were calculated for year 2007 and 2016. The cumulative
number of sold vs. registered AEDs nationwide are presented for year
2006, 2007, 2011, 2014, and 2016. For the same years, except 2006,
the number of registered AEDs in Copenhagen is presented. All

analyses were performed with SAS (software version 9.4, SAS
institute Inc., NC, USA).

Ethics

This study was approved by the Danish Data Protection Agency (Ref.
no. 2007-58-0015, local ref. no. GEH-2014-107, I-Suite no. 02735).
No ethical approval was required for retrospective registry studies in
Denmark.

Results

We identified 2530 non-EMS witnessed OHCAs of presumed cardiac
cause, at known locations and addresses. We excluded 28 cases with
missing information on bystander defibrillation and 2 cases, where it
was not possible to calculate the distance to an AED by any route. The
final study population included 2500 OHCAs. Cardiac arrest-related
characteristics of the OHCA study population in Copenhagen (2008–
2016) are presented in Table 4 in Ref.20

AED accessibility, bystander defibrillation and survival in

Copenhagen

Of 2500 OHCAs, 566 (22.6%) were covered by an AED. About half
of these (n = 276) were covered by an accessible AED at the time of
OHCA (total coverage loss: 51.2%). Most OHCAs were covered by
AEDs placed at companies/offices (18.6%), school/education
facilities (13.3%), sports facilities (12.9%), and health clinics
(12.5%). These AED locations had a coverage loss >50%, due
to limited AED accessibility at the time of OHCA (Table 1).

Table 1 – Loss of AED coverage, due to limited AED accessibility, according to AED location in Copenhagen.

AED location All OHCAs located �200 m
of an AED, n (%)

OHCAs located �200 m of
accessible AEDs, n (%)

OHCAs located �200 m of
inaccessible AEDs, n (%)

% coverage loss due to
AED inaccessibilitya

Total 566 (100.0) 276 (48.8) 290 (51.2) 51.2%
Transportation
facility

12 (2.1) 10 (83.3) 2 (16.7) 16.7%

Residential
settings

38 (6.7) 31 (81.6) 7 (18.4) 18.4%

Church/
community centre

5 (0.9) 4 (80.0) 1 (20.0) 20.0%

Hotels and
conference
venues

13 (2.3) 9 (69.2) 4 (30.8) 30.8%

Sports facility 73 (12.9) 42 (57.5) 31 (42.5) 42.5%
Other 37 (6.5) 20 (54.1) 17 (46.0) 46.0%
Shopping malls/
shops/banks

45 (8.0) 24 (53.3) 21 (46.7) 46.7%

Attractions/
recreational areas

21 (3.7) 11 (52.4) 10 (47.6) 47.6%

Companies/
offices

105 (18.6) 52 (49.5) 53 (50.5) 50.5%

Public building 36 (6.4) 16 (44.4) 20 (55.6) 55.6%
Union/association 35 (6.2) 12 (34.3) 23 (65.7) 65.7%
School/education
facility

75 (13.3) 25 (33.3) 50 (66.7) 66.7%

Health clinics 71 (12.5) 20 (28.2) 51 (71.8) 71.8%

AED, automated external defibrillator; OHCA, out-of-hospital cardiac arrest.
a Loss of AED coverage was calculated as the number of OHCAs located �200 m of an AED, irrespective of AED accessibility, minus the number of OHCAs
located �200 m of an accessible AED, divided by the number of OHCAs located �200 m of an AED, irrespective of AED accessibility.
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Investigating all OHCAs, those covered by an accessible AED were
three times more likely to receive bystander defibrillation compared
to those covered by an inaccessible AED (13.8% vs. 4.8%,
p < 0.001) and nearly twice as likely to achieve 30-day survival
(28.8% vs. 16.4%, p < 0.001). The corresponding figures among
bystander-witnessed OHCAs with shockable heart rhythms
(n = 147) were (accessible vs. inaccessible AEDs): 39.8% vs.
20.3% (p = 0.01) for bystander defibrillation and 72.7% vs. 44.1%
(p < 0.001) for 30-day survival (Fig. 1). For the OHCAs that were
bystander defibrillated, but where the nearest AED � 200 m was
inaccessible at the time of OHCA, >60% had an accessible AED
within 201–500 m (Table 6 in Ref.20). Compared to OHCAs covered
by an inaccessible AED, OHCAs covered by an accessible AED
were more likely to occur in public, receive bystander CPR, and
have a shockable heart rhythm. There was no significant difference
in age, sex and EMS response times (Table 5 in Ref.20).

Of the 566 OHCAs covered by an AED, 337 were bystander-
witnessed. Limiting the analysis to bystander-witnessed OHCAs only
in logistic regression analyses, we found an OR of 3.3 (95% CI: 1.6–
7.0) for bystander defibrillation and 2.5 (95% CI: 1.5–4.2) for 30-day
survival, for OHCAs covered by an accessible AED vs. an
inaccessible AED (adjusted for age and sex).

AED registration, 24/7 accessibility, and AED location in

Copenhagen

In 2007–2016, the number of registered AEDs in Copenhagen
increased from 39 to 1573 (7 to 223 AEDs/100 000 inhabitants)
and the proportion of AEDs with 24/7 accessibility from 7.7% to

20.5% (Fig. 2). The most frequent locations for AED deployment
were companies/offices (27.2%), school/education facilities
(14.8%), unions/associations (8.1%), and sports facilities (8.0%)
(Table 2).

Fig. 1 – Bystander defibrillation and 30-day survival among OHCAs covered by an accessible AED vs. an inaccessible
AED in Copenhagen.
Bystander defibrillation and 30-day patient survival among OHCAs covered by an accessible AED vs. an inaccessible
AED in Copenhagen. (A) all OHCAs (n = 566). *p < 0.001 for bystander defibrillation. yp < 0.001 for 30-day survival;
however, 40 OHCAs had missing information on survival status; therefore, the percentages for survival data are based
on n = 257 for accessible AEDs, and n = 269 for inaccessible AEDs. (B) a subgroup of witnessed OHCAs with shockable
heart rhythm (n = 147). zp = 0.01 for bystander defibrillation. xp < 0.001 for 30-day survival; however, 11 OHCAs had
missing information on survival status; therefore, the percentages for survival data are based on n = 77 for accessible
AEDs, and n = 59 for inaccessible AEDs.
AED, automated external defibrillator; OHCA, out-of-hospital cardiac arrest.

Fig. 2 – Cumulative number of publicly available AEDs
registered in Copenhagen, and temporal changes in 24/
7 AED accessibility.
*In total, 1830 AEDs were registered in Copenhagen from
2007 through 2016, and 257 (14.0%) of these were
withdrawn during the study period.
AED, automated external defibrillator; 24/7, 24 h per day,
7 days per week.
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AED registration, location type and accessibility on a

nationwide scale

In 2007–2016, the total number of AEDs sold in Denmark increased
from 3583 to 24 474 (66 to 429 AEDs/100 000 inhabitants), and the
number of AEDs registered with the AED Network from 140 to 15 301
(3 to 268 AEDs/100 000 inhabitants). Thus, of the total number of
AEDs sold, those registered increased from 4% to 63%. Concurrently,
24/7 AED accessibility of registered AEDs increased from 11.4% to
40.6% (Fig. 3).

The most frequent locations for AED deployment on a nationwide
scale were similar to those observed in Copenhagen (Table 2). Most
newly registered AEDs/year were deployed at companies/offices, and
few AEDs were deployed in residential settings, although a significant
increase was observed near the end of the study period (Table 2 in
Ref.20). AEDs deployed in residential settings had the highest 24/
7 accessibility (86.4%, n = 1232/1426). 24/7 accessibility was lowest
at the most frequent AED locations: companies/offices (18.2%,
n = 802/4411), school/education facilities (30.2%, n = 572/1896), and
sports facilities (39.2%, n = 550/1403 (Fig. 4).

Discussion

The chance of bystander defibrillation was tripled (13.8% vs. 4.8%) and
30-day survival almost doubled (28.8% vs. 16.4%), when the nearest
AED was accessible, compared to inaccessible, at the time of OHCA in
Copenhagen, and more than half of OHCAs covered by an AED lost
coverage due to limited AED accessibility. The proportion of registered
AEDs nationwide increased almost 16-fold (4% in 2007–63% in 2016),
and the number of AEDs with 24/7 accessibility increased substantially
during the same period. However, AED accessibility was highly
dependent on AED location; the most frequent locations (offices,
schools and sport facilities) had the lowest 24/7 accessibility, which
greatly limits the potential of the EMS to refer to an AED. Our novel
findings indicated that bystander defibrillation and 30-day survival are
highly associated with AED accessibility at the time of OHCA,
underscoring the importance of unhindered AED accessibility.27

Among bystander-witnessed OHCAs with a shockable heart
rhythm, 39.8% received bystander defibrillation, when an accessible
AED was located �200 m at the time of OHCA, compared to 20.3%,
when the AED was inaccessible. A recent study from the United States
found that only 18.8% of patients with public, witnessed OHCA and
shockable heart rhythms received bystander defibrillation, and 66.5%
of those defibrillated by bystanders survived to hospital discharge.28

Table 2 – Overall distribution of registered AEDs,
according to type of location, in Copenhagen and
Denmark, nationwide.

Setting Copenhagen,
n (%)

Nationwide,
n (%)

Total number of registered AEDs
(2007–2016)

1830 (100.0) 17 106
(100.0)

Companies/offices 497 (27.2) 5003 (29.2)
School/education facility 270 (14.8) 2117 (12.4)
School 134 (49.6) 1379 (65.1)
University 93 (34.4) 414 (19.6)
Day-care 12 (4.4) 176 (8.3)
Library 22 (8.2) 126 (6.0)
Other education facility 9 (3.3) 22 (1.0)

Sports facility 147 (8.0) 1623 (9.5)
Sports facility/centre 84 (57.1) 1,322 (81.5)
Fitness 50 (34.0) 193 (11.9)
Public swimming pool 13 (8.8) 108 (6.6)

Residential settings 84 (4.6) 1518 (8.9)
Housing association/apartments 46 (54.8) 860 (56.7)
Nursing home/elderly housing/

activity centre
19 (22.6) 347 (22.8)

Private home 6 (7.1) 149 (9.8)
Housing support 13 (15.5) 123 (8.1)
Other residential 0 (0.0) 39 (2.6)

Shopping malls/shops/banks 131 (7.2) 1236 (7.2)
Grocery store 19 (14.5) 504 (40.7)
Bank 91 (69.5) 493 (39.9)
Other store 11 (8.4) 127 (10.3)
Pharmacy 2 (1.5) 63 (5.1)
Shopping mall/centre 8 (6.1) 49 (4.0)

Union/association 148 (8.1) 1026 (6.0)
Attractions/recreational areas 100 (5.5) 1020 (6.0)
Harbour 34 (34.0) 252 (24.7)
Culture institution/museum 28 (28.0) 193 (18.9)
Camping/summer housing area 0 (0.0) 178 (17.4)
Golf course 0 (0.0) 166 (16.3)
Other attractions 29 (29.0) 154 (15.1)
Parks/other recreational areas 9 (9.0) 77 (7.6)

Health clinics 103 (5.6) 781 (4.6)
Support centre/other health clinics 53 (51.5) 390 (49.9)
General practitioner/dentist 48 (46.6) 359 (46.0)
Public and private hospital 2 (1.9) 32 (4.1)

Public building 116 (6.3) 641 (3.7)
Church/community centre 27 (1.5) 597 (3.5)
Hotels and conference venues 46 (2.5) 311 (1.8)
Transportation facility 33 (1.8) 179 (1.0)
Train station 32 (97.0) 114 (63.7)
Airport 0 (0.0) 48 (26.8)
Bus terminal 1 (3.0) 17 (9.5)

Other 128 (7.0) 1054 (6.2)

AED, automated external defibrillator.

Fig. 3 – Cumulative number of all AEDs sold and
registered within the nationwide Danish AED Network,
and temporal changes in 24/7 AED accessibility.
*In total, 17 106 AEDs were registered with the nation-
wide network from 2007 through 2016, and 1805 (10.6%)
of these were withdrawn during the study period (Table 3
in Ref.20).
AED, automated external defibrillator; 24/7, 24 h per day,
7 days per week.
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Notably, in our study, 30-day survival rates reached 72.7%, when
patients with a witnessed OHCA and shockable heart rhythm were
covered by an accessible AED; consistent with the highest observed
survival rates previously reported in public access defibrillation
studies.2,12 Our findings indicate that improving AED accessibility and
linkage to emergency dispatch centres holds potential for increasing
the rates of bystander defibrillation and survival after an OHCA. The
highest survival rates after an OHCA have been observed in
environments where AEDs were accessible 24/71,2; consequently,
the issue of limited AED accessibility has become highlighted,4,10,11

but not emphasized, in the latest international guidelines.6,7 Hence,
future guidelines should consider including this important aspect of
AED implementation.

After the implementation of the AED network and efforts to
increase AED registration and accessibility, we observed a significant
increase in the proportion of AEDs with 24/7 accessibility, which
overall indicates that those efforts were relatively successful.
However, AED location types covering the highest proportion of
OHCAs in Copenhagen, had the highest coverage loss, due to limited
accessibility (>50%). This information could provide a basis for
targeted campaigns that aim to increase 24/7 AED accessibility, which
would ultimately improve AED coverage of OHCAs. Other strategies,
such as mathematical optimization models for strategic AED
deployment, also seem promising, but remain to be tested in
practice.11

A previous study from Denmark found that the proportion OHCAs
that were defibrillated by bystanders in public locations increased
significantly from 1.2% to 15.3% (2001–2012), but defibrillation in
residential settings remained low (around 1%).13 In our study, only
8.9% of all nationwide AEDs were deployed in residential settings,
where the majority of OHCAs occur.13 However, AED deployment in
residential settings increased during the study period, and in 2016, it
was the location with the highest proportion of 24/7 accessible AEDs.
Deployment of AEDs in homes of individuals at high-risk of OHCA has
not been shown to improve survival.29 More promising results on AED
use in residential settings have been reported with an alert-system
sending text messages to nearby bystanders.30 Deploying AEDs

within a residential area, rather than at a specific home, combined with
such systems may be a promising strategy for increasing bystander
defibrillation in residential settings. Importantly, the greatest benefit of
those systems relies on information about the locations and
accessibility of AEDs, linkage to emergency medical dispatch centres,
and high AED accessibility; all these factors were shown to be
important for improving bystander defibrillation.

We found a 16-fold increase (between 2007 to 2016) in the
proportion of total AEDs sold that were registered and accessible to
emergency medical dispatch centres in Denmark. The proportion of
registered/sold AEDs was previously only estimated in Sweden (36%
in 2013).12 In Denmark (end of 2016), there were 429 AEDs sold/
100 000 inhabitants (including registered and unregistered AEDs).
However, increasing AED sales does not necessarily lead to a
substantial increase in AED use. A high number of AEDs were sold in
Japan (>500 000) without an AED registry link to the emergency
medical dispatch centres; thus, <1% of all cardiac arrests were
defibrillated before EMS arrival.16,31 In the United States, one
common, effective strategy for identifying and locating AEDs in the
community has been “crowd sourcing”.32 However, that strategy does
not necessarily establish the AED’s location, accessibility to an
emergency medical dispatch centre, or viability for use (batteries,
electrodes etc.). Thus, AED use could remain random, and low use
rates could persist, despite high sales.17

Limitations

First, this study was limited by its observational nature. Thus, our
results regarding the relationships between AED coverage, accessi-
bility, bystander defibrillation, and survival were only associations, not
causal. We could not be sure that the nearest accessible AED located
�200 m was the AED that was used for bystander defibrillation. We
only had information on the geographical location for registered AEDs
and OHCAs, and no data on whether a bystander used a specific AED.
Second, data on the exact geographic locations of OHCAs on a
nationwide level were not available. Thus, we could only investigate
loss of AED coverage for nearby OHCAs in Copenhagen. However,

Fig. 4 – The nationwide number of registered AEDs and 24/7 accessibility, according to the type of location in 2016.
AED, automated external defibrillator; 24/7, 24 h per day, 7 days per week.
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the distribution and accessibility of registered AEDs were similar in
Copenhagen and nationwide. Moreover, consistent with Copenhagen
data, recent nationwide studies have reported a low proportion of
AEDs placed in residential settings and low rates of bystander
defibrillation in those settings.13 Third, information on AED location
and accessibility was only available for AEDs registered in the Danish
AED Network; unregistered AEDs were not validated, regarding
location, accessibility, or functionality. This limitation was not likely to
impact our results substantially, because unregistered AEDs were not
linked to emergency medical dispatch centres, and they were not
visible to the public; therefore, they were less likely to be used.12

Finally, during the collection of AED sale numbers we cannot exclude
that parallel import may have occurred. However, according to direct
communication with the AED vendors in Denmark, parallel import of
AEDs is currently very limited.

Conclusions

The chance of bystander defibrillation was tripled, and 30-day survival
almost doubled, when the nearest AED was accessible, compared to
inaccessible, at the time of OHCA. These findings underscored the
importance of unhindered AED accessibility and linkage to emergency
dispatch centres for improving rates of bystander defibrillation and
patient survival following OHCA.

Funding

This work was supported by The Danish foundation TrygFonden with
no commercial interest in the field of cardiac arrest.

Conflicts of interest

Dr. CM Hansen, Dr. K Kragholm, Dr. F Folke, Dr. FK Lippert, and Dr.
SM Hansen received research grants from the Laerdal Foundation.
None of the other authors reported anything to disclose.

Acknowledgements

We thank the Danish AED Network for sharing information about AEDs
and all the AED vendors for sharing AED sales figures. We also thank
the EMSpersonnel that collected and reported information to the OHCA
database.The authors further acknowledge andthankChristopherL. F.
Sun, from the Department of Mechanical and Industrial Engineering,
University of Toronto, Canada, and Kirstine Wodschow, from the
University of Southern Denmark, National Institute of Public Health, for
assistance and advice in performing the distance calculations and
analyses of AED coverage of OHCAs. We also thank Kirstine
Wodschow for assistance with geocoding the OHCAs.

R E F E R E N C E S

1. Caffrey SL, Willoughby PJ, Pepe PE, Becker LB. Public use of
automated external defibrillators. N Engl J Med 2002;347:1242–7.

2. Valenzuela TD, Roe DJ, Nichol G, Clark LL, Spaite DW, Hardman RG.
Outcomes of rapid defibrillation by security officers after cardiac arrest
in casinos. N Engl J Med 2000;343:1206–9.

3. Kragholm K, Wissenberg M, Mortensen RN, et al. Bystander efforts
and 1-year outcomes in out-of-hospital cardiac arrest. N Engl J Med
2017;376:1737–47.

4. IOM (Institute of Medicine). Strategies to improve cardiac arrest
survival: a time to act. Washington, DC: The National Academies
Press; 2015, doi:http://dx.doi.org/10.17226/21723.

5. Stecker EC, Reinier K, Marijon E, et al. Public health burden of sudden
cardiac death in the United States. Circ Arrhythm Electrophysiol
2014;7:212–7.

6. Kronick SL, Kurz MC, Lin S, et al. Part 4: Systems of care and
continuous quality improvement: 2015 American Heart Association
guidelines update for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation 2015;132:S397–413.

7. Perkins GD, Handley AJ, Koster RW, et al. European Resuscitation
Council guidelines for resuscitation 2015: section 2. Adult basic life
support and automated external defibrillation. Resuscitation
2015;95:81–99.

8. Hansen CM, Lippert FK, Wissenberg M, et al. Temporal trends in
coverage of historical cardiac arrests using a volunteer-based network
of automated external defibrillators accessible to laypersons and
emergency dispatch centers. Circulation 2014;130:1859–67.

9. Merchant RM, Asch DA. Can you find an automated external
defibrillator if a life depends on it? Circ Cardiovasc Qual Outcomes
2012;5:241–3.

10. Hansen CM, Wissenberg M, Weeke P, et al. Automated external
defibrillators inaccessible to more than half of nearby cardiac arrests in
public locations during evening, nighttime, and weekends. Circulation
2013;128:2224–31.

11. Sun CL, Demirtas D, Brooks SC, Morrison LJ, Chan TC. Overcoming
spatial and temporal barriers to public access defibrillators via
optimization. J Am Coll Cardiol 2016;68:836–45.

12. Ringh M, Jonsson M, Nordberg P, et al. Survival after public access
defibrillation in Stockholm, Sweden—a striking success.
Resuscitation 2015;91:1–7.

13. Hansen SM, Hansen CM, Folke F, et al. Bystander defibrillation for out-
of-hospital cardiac arrest in public vs residential locations. JAMA
Cardiol 2017;2:507–14.

14. Agerskov M, Nielsen AM, Hansen CM, et al. Public access
defibrillation: great benefit and potential but infrequently used.
Resuscitation 2015;96:53–8.

15. Chan PS, McNally B, Tang F, Kellermann A. Recent trends in survival
from out-of-hospital cardiac arrest in the United States. Circulation
2014;130:1876–82.

16. Kitamura T, Kiyohara K, Sakai T, et al. Public-access defibrillation
and out-of-hospital cardiac arrest in Japan. N Engl J Med
2016;375:1649–59.

17. Malta Hansen C, Kragholm K, Pearson DA, et al. Association of
bystander and first-responder intervention with survival after out-of-
hospital cardiac arrest in North Carolina, 2010–2013. JAMA
2015;314:255–64.

18. Statistics Denmark. (Accessed 4 April 2018, at http://www.
statistikbanken.dk/statbank5a/default.asp?w=1920).

19. Statistics Denmark. (Accessed 14 February 2018, at http://www.dst.
dk/en/Statistik/dokumentation/DB).

20. Karlsson L, Malta Hansen C, Wissenberg M, et al. Data concerning
AED registration in the Danish AED Network, and cardiac arrest-
related characteristics of OHCAs, including AED coverage and AED
accessibility. Data Brief 2018 (submitted for publication).

21. Folke F, Gislason GH, Lippert FK, et al. Differences between out-of-
hospital cardiac arrest in residential and public locations and implications
for public-access defibrillation. Circulation 2010;122:623–30.

22. Christensen G. The building and housing register. Scand J Public
Health 2011;39:106–8.

23. QGIS website. (Accessed 9 November 2017, at https://plugins.qgis.
org/plugins/mmqgis/).

24. Network Analyst Tutorial. (Accessed 9 November 2017, at http://help.
arcgis.com/en/arcgisdesktop/10.0/pdf/network-analyst-tutorial.pdf).

25. Aufderheide T, Hazinski MF, Nichol G, et al. Community lay rescuer
automated external defibrillation programs: key state legislative

36 R E S U S C I T A T I O N 1 3 6 ( 2 0 1 9 ) 3 0 – 3 7

http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0005
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0005
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0010
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0010
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0010
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0015
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0015
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0015
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0020
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0020
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0020
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0025
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0025
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0025
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0030
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0030
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0030
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0030
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0035
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0035
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0035
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0035
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0040
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0040
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0040
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0040
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0045
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0045
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0045
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0055
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0055
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0055
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0060
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0060
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0060
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0070
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0070
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0070
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0075
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0075
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0075
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0080
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0080
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0080
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0085
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0085
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0085
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0085
http://www.statistikbanken.dk/statbank5a/default.asp?w=1920
http://www.statistikbanken.dk/statbank5a/default.asp?w=1920
http://www.dst.dk/en/Statistik/dokumentation/DB
http://www.dst.dk/en/Statistik/dokumentation/DB
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0100
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0100
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0100
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0100
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0105
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0105
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0105
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0110
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0110
https://plugins.qgis.org/plugins/mmqgis/
https://plugins.qgis.org/plugins/mmqgis/
http://help.arcgis.com/en/arcgisdesktop/10.0/pdf/network-analyst-tutorial.pdf
http://help.arcgis.com/en/arcgisdesktop/10.0/pdf/network-analyst-tutorial.pdf
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0125


components and implementation strategies: a summary of a decade of
experience for healthcare providers, policymakers, legislators,
employers, and community leaders from the American Heart
Association Emergency Cardiovascular Care Committee, Council on
Clinical Cardiology, and Office of State Advocacy. Circulation 2006;
113:1260–70.

26. Deakin CD, Anfield S, Hodgetts GA. Underutilisation of public access
defibrillation is related to retrieval distance and time-dependent
availability. Heart 2018;104:: 1339–1343.

27. Rea T. Paradigm shift: changing public access to all-access
defibrillation. Heart 2018;104:1311–2.

28. Pollack RA, Brown SP, Rea T, et al. Impact of bystander automated
external defibrillator use on survival and functional outcomes in shockable
observed public cardiac arrests. Circulation 2018;137:2104–13.

29. Bardy GH, Lee KL, Mark DB, et al. Home use of automated external
defibrillators for sudden cardiac arrest. N Engl J Med 2008;358:1793–
804.

30. Zijlstra JA, Stieglis R, Riedijk F, Smeekes M, van der Worp WE, Koster
RW. Local lay rescuers with AEDs, alerted by text messages,
contribute to early defibrillation in a Dutch out-of-hospital cardiac arrest
dispatch system. Resuscitation 2014;85:1444–9.

31. Kiyohara K, Kitamura T, Sakai T, et al. Public-access AED pad
application and outcomes for out-of-hospital cardiac arrests in Osaka,
Japan. Resuscitation 2016;106:70–5.

32. Merchant RM, Asch DA, Hershey JC, et al. A crowdsourcing innovation
challenge to locate and map automated external defibrillators. Circ
Cardiovasc Qual Outcomes 2013;6:229–36.

R E S U S C I T A T I O N 1 3 6 ( 2 0 1 9 ) 3 0 – 3 7 37

http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0130
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0130
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0130
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0135
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0135
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0140
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0140
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0140
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0145
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0145
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0145
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0150
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0150
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0150
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0150
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0155
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0155
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0155
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0160
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0160
http://refhub.elsevier.com/S0300-9572(18)30987-0/sbref0160

	Automated external defibrillator accessibility is crucial for bystander defibrillation and survival: A registry-based study
	Introduction
	Methods
	Study design and setting
	The Danish AED Network
	OHCA study population in Copenhagen
	Geocoding and analysis of AED coverage of OHCAs in Copenhagen
	Bystander defibrillation and 30-day survival, according to AED coverage in Copenhagen
	Number of AEDs sold vs. registered on a nationwide scale
	Statistics
	Ethics

	Results
	AED accessibility, bystander defibrillation and survival in Copenhagen
	AED registration, 24/7 accessibility, and AED location in Copenhagen
	AED registration, location type and accessibility on a nationwide scale

	Discussion
	Limitations

	Conclusions
	Funding
	Conflicts of interest
	Acknowledgements
	References


