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BACKGROUND

Introduction

The abrupt loss of coordinated mechanical activitthe hearteading to absent circulatios known as

cardiac arrestl). When a cardiac arrest takes place outside of hospital, it is called-afhmspital cardiac

arrest (OH@®). The symptoms of OHCA are loss of consciousness and absent or abnormal bf{@gthing

and the patient will either present with a shockable heart rhythm, defined as pulseless ventricular tachycardia
(pVT) or ventricular fibrillation (VF), oanonshockable heartiwthm, defined as asystole or pulseless

electrical activity (PEA)3). Studies have shown that shortly after collapse, the majority of OHCAs have a
shockalke heart rhythn{4-6). This can be treated by defibrillation, which means delivering an electrical
shock through the heart to reestablish nor mal car
to pumpblood effectively(7). If a shockable rhythm is treated appropriately with defdrdhwithin 3to 5

minutes chances of survivalanexceed >50%8-11). In a casino study, dispatch of security officers trained

in basic life support (BLS) including defibrillation demonstrated a remarkable survival rate of 74% in
witnessed OHCAs defibrillated within 3 minut@s). Similar results have been demonstratedirports and

other public places with use of -gite or nearby AEDE, 10) However, if the shockable rhythm remains
untreated, it will deteriorate into a nshockable rhythn(13, 14)with dismal survival rates of < 5¢45,

16). Overall, only about 10% of OHCA patients survive until hospital disch@rg#9).

The electrical devices used for defibrillation are caflatbmated external defibrillators (AEDsNd they

have proven to be safe and effective for bystande(8)20, 21)thereby gainingvide recognition(2, 7).

Incidence of outof-hospital cardiac arrest

OHCA is the third leading cause of death in industridlizeuntries, affectingbout400,000 people in the
US and 300,000 in Europe annually, with estimated incidesfcg&s110 per 100,000 perseyear(18, 22

24). In thelast decadghe annual number of OHCASs in Denmark was approximately 40000 resulting



in anincidence of about 8fer 100,000 perseyear(25, 26) The most common cause of OHCA is

underlying coronary artery disease, which accountaliout twethirdsof caseg27, 28)

Chain of Survival

The four links in the Chain of Survival (Figure 1) encompass the main areas ofdosuscessful
resuscitation after OHCA9). In this thesisour main focus will ben the 2d (Early Cardiopulmonary

Resuscitation (CPRand 3d links (Early Defibrillation) in the chain

Early CPRand defibrillation either by a bystander or the professional EMS s&affucial for survival with
good neurologial outcomg17, 3632). Using prediction models, previo@HCA studieshaveestimated a

7-10% decrease in the chance of survival per delayed minute from ceitagegbrillation (14, 33) this,

Figure 1. The Chain of Survival

however can bereducel to 3-4% if the patient receiveSPR(13, 14, 33) Therefore, both glob#B4, 35)

and nationwide initiative36-38) have been made to increase public awarenespranibteearly bystander
interventionsin Denmark, some of these efforts have included mandatory BLS training when acquiring a
dr i ver Gaswell dBt 2 traisimgin public schoolg16, 39) the implementation of mational

publically availableAED-network(40, 41) the establishment & set of recommendationsgardingAED
placement and accessibiliy the national Danish Health Authori2), and the implementation af

uniform nationalprotocolusedby all emergency medical dispatch centers (EMRhoneassis

bystanders to perform CR&drefer them to the nearest availaBlED, if conditions are appropriatd3). In
10



recent years, thEMDC respons in someparts of the country has alseluded mobilephone activated first

responders inases okuspecte@HCA (44, 45)

Public Access Defibrillation (PAD) Programs

In 1995 the American Heart Association (AHAroenmended the establishment obRc Access
Defibrillation programs (PAD}o ensureavailable AEDs in public places, where OHCA is likely to occur, as
means to shorten the collapsedefibrillation time(46, 47) So far, he only largescale randomized
controlled trial (RCT) of &AD programwas conductechi Northern America, involving 998mmunity

units in24 different regiong9). Each community unit was randomized to a @RI/ response system or a
CPR+AED response system. In the study, Hallstram and colleagues found that the number of hospital
survivors doubled in the CPR+AED group, compared to the-@&iRgroup.Ever sincethere has been a
largescale dissemination of AEDs in industrialized count{#8 with >2,400,000 AEDs sold in the US
alone(49). In 2016, the total number of AEDs sold in Denmark was 24804 Of these, 15,301 AEDs
(63%) were registered in the natioddtD-network(50). Registering an AED in a PAD program increases
the probability of use during OHC@ 1), yet the full potential of this wide AED dissemination and PAD
programs has not been achievaidce the overall rates of bystander defibrillation have remained low at 2

4% (6, 11, 31, 3, 52) and public AED placemetdrgdy remains unguide0, 5355).

International Recommendations for AED Racement

Toincrease bystander defibrillatipthe AHA and the European Resuscitation Council (ERC) Ipawposed
a number ofecommendationsegardingAED placementn PAD prograns. In the previous2006 guidelines,
the AHA specifically addressed te&pectedAED coveragdased ora number obtudieg10, 12) and
recommended AEDs to be placed withishertbrisk walk of1-1.5 minute from areas with high risk of
cardiac arreg{56). In most studies, this was translated as a strilgh{Euclidian)distance of 100 meter for
a stationary AE¥40, 5355, 57) In the recenR015 guidelineshowever theAHA and ERC

recommendtionsabstainedrom recommendingvhat AED coverage should entdihstead the ERC

11



recommended AEDs to lpaced wher®ne cardic arrest can be expected pgrearsand specifically

calledfor AEDst o b e ippubdiccpaks with higllensity and movement of citizéens as sumi ng t
high pedestrian traffipushegowards a higher incidence witnessed cardiac arresés such seen in

airports and shopping mallg). The AHA stated the following recommendatiott i recommended that

PAD programs for patients with OHCA be implemented in communities with individuals at risk oBOHCA

(34, 58) withoutfurtherspecificationsThe currenguidelinestherefore seermsufficient, as they only

address AED placement public highdensityurban centers, whereas the majo(89-80%) of OHCAs take

place in residential areas and private ho(®8s 60) Neither do they address AED placemientore rural

areas with lower population densities gamdsumablyongerdistances to available AED&onsequentlythe

AHA and ERCin the current guidelines point out that there is a substantial knowledgeigapnding AED

placemenstrategiesand call forresearch ithis field

Challenges forEarly BLS during Cardiac Arrest

To create an overviewf the bystander challenges BLS interventions, it is important to point osthme of
the most importanpredictors ofurvival after OHCA. Tie predictors of survival can roughly be divided into

spatial and nowpatial factors.

Spatial predictors of survival

The spatial factors that may affect surviwalluderesponse timef the emergency medical service (EMS)
AED retrieval distancdransport distance for hospital admission, tigaelof-carehospital, population

density and ruralirban differences duringHCA.

In previous studiedongerEMS response timesere foundo be associated witbwer survivalafter OHCA
(61-63), and the length of EMS response timese also related to declinimppulation densityat the
OHCA site(61, 64) Studies have also indicated that thinly populated areas weaekar of reduced
survival (62, 63, 65) howeverthis must be interpreted with caution as population demsitydalso bea

proxy marker ohigher residential OHCAates and longer retrieval distances to the nearest available AED

12



This, however, remains speculatiye two previous studie6, 67) the transport distande hospital
admissionwas not associated with poorer survivawever, théype ofhospital did affecsurvival,
demonstratingmproved outcomes for OHCAmdmitted at invasiveazdiaccare unitsor tertiary centers

where they received a higher level ofinspitalcare compared with admission at the nearest local hospital
(66, 67) The effect of longer AED retrieval distance on survival aBBICA has to the best of our
knowledge not beerthoroughlyinvestigatedin an observational study, Berdowski and colleagues compared
survival outcomes in OHCAs defibrillated wiéim onsite versus dispatched AEB). Not surprisingly,

patients defibrillated with a dispatch@&D hadsignificantly longercollapseto-defibrillation timethan

those with orsite use of AEDs, and demonstrated poorer surviva.dystanderdiowever, were restricted

to firefighters and police officers, making it difficult to compare with presiytmore widespreadse by

nonthealthcareitizens.

Non-spatial predictors of survival

A number of norspatial predictors of survival are patigatated, such as age, sex, comorbidity and cardiac
arrest etiology(2, 7). These arparly nonmodifiable (a@ and sex)andparty related tahealth promotion

and prevention of cardiovascular disesstatives (comorbidity and cardiac arrest etiology), which is
beyond the scope of this thesBther nonspatial predictors of survival gre) The first three liks in the

Chain of Survivalthe ability to early recognizecardiac arrest and call for hekarly CPR andearly
defibrillation, Figure 1)(2); 2) location of cardiac arre€39, 68) 3) witnessed pnonwitnessed cardiac

arrest; 4 shockableor nonshockable heart rhyth39, 59, 60)5) AED availability (41, 50) 6) bystander
ability and willingness to locate and retrieve an A@EDB); and7) AED functionality and effectivesss to

treata shockable rhythr{v, 70)

On a global scale, the rates of bystander CPR in@veased, and thisas been accompanied &y overall
increase in survivgll6, 7£74). However, the most significant chandese been observed for cardiac
arrestghat occur irpublic place439, 68, 75)Here, OHCAs are more commonly witnessed, victims are

younger shockable heart rhythnase more frequent, and rates of bystander CPR and defibrillation are higher

13



thanin residential area®9). Furthermore, public OHCAs more often occur in densely populated urban
centers, where response times for emergency medical senagcgsoate (63, 65) which overall contributes
to substantially better survivahanceshan in residential are39, 68, 75)As previousy mentioned, the
majority of all OHCAsare residential59, 60) andsurvival ratesave not changed significanily this
groupover therecent year§68). Furthermore, whildystander defibrillation in public places hasrkedly
increasedthe numbers are dismal in residential afd&s 39) So far, only few studiesave evaluated the
useof AEDs placed in residential are@®, 77) and the results have beenadisraging Only one major
randomized trial, the Home AED Trial, has been conducted in vehiamily member/spouse patients
with increased risk of sudden cardiac death wieed in CPR andssigned to either receive an AED for
home use or no AEY8). The study found no significant survival effect of having access to an AED at

home.

New Approaches forl ncreasingBystander Defibrillation

In recent years, a number of studies have investigated the use of citizensitr&h8das lay responders or
volunteer first responders (VFRsJho aredispatched simté&neously with the EMS responsben acardiac
arrest is suspect€@9-84). In an observatinal study, Zijlstra and colleagues were able to demonstrate both
an increase in bystander defibrillation in residential areas and a significant reductiontiovdiefierillation,
when VFRs were activated by text messages compared $tatidard=EMS responséB4). The study,

however, could not demonstrate@reralleffect on surival after cardac arrest. The only RC8tudy
evaluating the effects afobile-phone activate®FRs to facilitate BLS was conducted in central Stockholm,
where VFRs within 500 meters of the emergency site dispatched85). The study found a significant
increase in CPR ratelut was not designed évaluate the effects on survivilsing mobile devices to
activate nearby citizens and VFR®y be the missing link for increasing AED use for defibrillation
purposes and reducing collapseshock time durindDHCA. There is, bwever, no cleacut evidencen
survival benefitof using VFRs and the studies vary widely with inability to reponportant factorssuch

asVFR response time@1-84, 86) VFR response rat€80, 82) the response rates of VFRs bringing an

14



AED to the site, and their response tiniés, 80, 82) Furthermore, théevel of BLS trainingthe VFRs are
provided withand the typ®f ruralurbansettings they are dispatchedviaries widely between théuslies

(79-84).

Hypothesis

We hypothesized that;

Paper I: Mobile-phoneactivated VFRsthat are gedocated through a global positioning system (GRE),
arriveto an emergency siteefore EMS in more than half of cas@éso, that using the GRPS/stem to

activate VFRs, response times will be significantly shorter for VFRs compared with EMS respoase time

Paper II: Therelativeuse of AEDs from public places is higliteanthatof AEDs placedin residential
areasand other locationAEDs are most often used at the same location type where they are plaoed.

AEDs placed in publiplaceshaveshortercoveragehanthose placed inesidential areas

Paper Ill: Survival after OHCA where an AEB used is lower in thinly populated areas compared with
survival in densely populated areas. Alemder AED retrieval distanseeducethe chance ofurvival after

OHCA.

AIMS OF THE THESIS

Paper I:

- To assess the respse rategor mobile phonesPSactivatedvFRs
- To compare VFR response times with EMS response times

- To evaluatesurvivalafter OHCA, when using th&PSsystem tactivateVFRs

Paper II:
15



- To evaluateherelative use oAEDs placed aseven types of locations: Residential areas; Public
places; Nursing homes; Companies/workplaces; Institutions; Health clinics; and Sports
facilities/Recreational areas

- To evaluatehe extent oAEDs beingtransportedrom one location type to anothier use during
OHCA

- To investigateAED coveragalistanceduring OHCA accordingio the AED location

Paper Il :

- To evaluateand compare survival aft€@HCA in densely moderately anthinly populated areas

- To evaluatehe association between AED retrieval dist& andsurvival afterOHCA

16



METHODS 1 Paper |

Study Design and $ttings

Paper lis a retrospective study conducted on the ista#fricangeland in Denmark. Langeland covers an area
of 4291 kn¥, and isabout 60 km long and 10 kat the widest point.angeland does not have local
hospitals, but is bridgeonnected to Funen where there are two cardiac care amg®f which the Odense

University Hospitalserves as a tertiary referral center forRegion of Southern DenmarR$D).

Demographic characteristics of Langeland

The island of Langel an@nethird sfth@apopulatiotivés intthe citmof of a12, 0
Rudkgbing. During the summer monthe population grows substantialgsabout260,000 tourists visit

the island87). Langeland differelemographicallyrom therest of theRSD population in 20122017 thae

wasa hi gher pr yeagroldsdoimpaned with the@®EIY (26.6% vs. 16.9%, respectively) (Statistics

Denmark) Figure 3.

Region of Southern Denmark 2012017 (excl.

Langeland) Langeland municipality 20122017

u Proportion age 0-17 m Proportion age 0-17

years years
® Proportion age 18-€ m Proportion age 18-66
years years
. = Proportion age 67+
= Proportion age 67+ years

years

Figure 2. Age distribution inthe Region of Southern Denmaakd in the Langeland municipality (Statistics Denmark).
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Moreover, he proportion of patients admitted or seen iatpatient clinic (excluding visits at the general
practitioners) was higher (38.8% vs. 36.5%, respectively), along with a higheresociomic indexXon

averagel.29 vs 1.02respectively (Table 1, Figure B

Table 1.Socioeconomic index

2012 2013 2014 2015 2016 2017
RSD (excl. Langeland) 1.00 1.01 1.02 1.02 1.02 1.03

Langeland municipality 1.31 1.30 1.27 1.24 1.27 1.36

RSD: Region of Southern Denmark

1.6

14

1,2

== RSD (excl. Langeland
0.8 ( g )

0,6 Langeland municipality

Socioeconomic Index

0,4

0,2

2012 2013 2014 2015 2016 2017
Year

Figure 3. Shows that the socieconomic index in the Langeland municipality was consistently higher

than in the rest of the RSD population. RSD: Region of Southern Denmark.

Data Collection

Data is collected using ¢hUtsteinrecommendations for reporting resuscitation outco{2@s Neurological
outcomes a reported using the fivgoint Cerebral Performance Category (CPC) score: CPC sébre 1

pointsdenotegjood to moderate cerebral disability, CPC score 3 points severe cerebral disability, CPC score
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4 points comatose/vegetative state and CPC score 5 points dead/braifhéaadin outcome is reported as

30-day survival

Shockable and neshockable rhythmaredefined according to the 2017 AHA/ACC/HRS guideline for
management of patients with ventricular arrhythnaiad a statement from the AHA Task Force on AEDs

for PAD (70, 88)

The VFRs on Langeland

The VFRs wereecruited through local aértisement and are mostly nbealthcare lay persons and a few
off-duty healthcare professionals. Theydergo a 1hourcourse following the ER@equirements for BLS
training and a course in emergency first aid, which includes extensive trainingdnogvging accidents,
anaphylaxis and trauma managem&¥ihen the course is completed, the \dERwnload a smartphone
application, FirstAED, available for both Android and iOS), amist manuallyog on to the system to be
available for dispatchAfterwards the VFRsundergoa yearly mandatorgyz -hourtraining courseto renew

their certificate

To become registeretheVFR mustbe at least 18 years of agepvidean updated criminal record
certificatec ont ai ni ng i nformation on violationslessthant he P

15 years of ageand sign dormal contract with the RS be health insured in the event of an injury.

The mobile-phone GPStracking system

Themobile fhoneGPStrackingsystem(from now on calledsPSsysten), FirstAED, was introduced othe
215 of April 2012. The system issed for activating VFRduring all emergency calls on Langeland where
an EMS is requestetlowever,VFRs were not activated the city of Rudkgbingefore the 2% of
September 2015. When aetted, theGPSsystemocalizesthe nine closest availablié~Rs withina radius
of 500 meters from themergencyiteand alerts thenThe selected/FRsmayaccept or decline the
emergency call. Of those that accept the call, three are chosen based on their positioplacehtieat of

thenearestvailableAED (Figure 4. The timeframefor this geelocalization is approximately®to 30
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seconds, but the system is adaptive and aW&iresponse for up to 5 minutes, if not at least one VFR has
accepted the call. Thireedispatched VFRare given distinct role§he VFR closest to th&ED must
locateand collecit before approaching themergencite (Figure 5) Thetwo othes mustimmediatelyrush

to the emergency site provideBLS, if necessaryguide the EMSgomfort bystanderstc (Figure 4).

$3 =

Figure 4. The GPSsysteminitially alertsnine volunteer first responders (VFRs) within a 5000 nraigius and

based on VFR response and their geographical location, the system selects and dispatches three VFRs.
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Cardiac arrest: Address & postal code ¥ o‘o_
Locate AED (mle 1234) and go to site.

Figure 5. Ais an example of the mobile phone maghich the volunteer first responder (VFR) receiatsr
accepting the emergency call. The VFR (green pin) must colleatitbenated external defibrillatoAED)
(purple pin) and go to the emergency site (red @shows a snapshot of Langeland with the VFRs (green

pins) and AEDs in the area (purple $in

From April 2012 to August 2015 the health care professional at the EMDC used a separate tablet computer
to activate the GRSystem. From September 2015 the &yStem became an integrated part of the dispatch

system and was activated simultaneousth the EMSresponse

The national Danish AED-network

In 2007, anrAED-network for electronic registration of public accé&Ds was established in Copenhagen,
Denmark. In 2010, the AEDetwork was extended to nationwide registration, and in 2011 it became

integrated with and accessible by the five EGA0On Denmark39, 40) Registration is voluntary, but

encouraged by the national Danish Health Author{88& and most AED vendors. The general public can

access information regarding placement and availabilitggistered AED$ hr ough t he net wor |

homepagewww.hjertestarterdkor vi a a smartphone application (6H]j

Upon registration, the owner must provide the followimigrmation; 1) Name and contact information for
the persn responsible for the AED; 2§ldress of AED placement including arg@ecific characteristics to

help identify the location; 3) AED accestityi including open hours during weekdays and
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holidays/weekends; 4) AED serial number and model;5rm@piry date for electrodes and batteries. A few
days after registration, tfeentact person is telephonleg an employee from th®ED-network to validas
the informaton. This is repeated every snonth as long as the AED is active for public access

defibrillation. If the information cannot be validated, the AED is removed from the network.

The AED-network on Langeland

Themajority of AEDs used by VFR®&n Langelandire registered in the national AEI2twork andalmost
all areplacedoutdoorsin heated cabinets. When the G&&Stem is activated, the designated AED cabinet

opens automatically, and turns on a siren alarm and a blue flasbligialble rapid localization.

The settings andemergency responsen Langeland

Emergency phone calls frobangeland are received at the EMDC in OdeRs&lkagbing has an EMS
station with an ambulance and a paramedic in atramsporting EMS vehicle on duBd/7.The paramedic
is able to perform advanced life support including intravenous drug adminisiratiocordance with

current guideline$3).

If the health care professioraithe EMDCreceives a phone call and suspects a cardiac arreskteeted
system is activateith the RSDfollowing the dispatch of the nearest availabMS-ambulancend a
physicianstaffed emergency vehicl®n Langelandthe GPSsystem with VFRss also activated alongside
the twotiered system. If the physicisstaffed vehicle is unavailabléhe paramedids dispatched insteatf.
theambulancen Rudkebings occupied elsewhere, an ambulance from Svendborg is activat 20

kilometers away, whicpotentiallyincreases response tim@s).

On 1% of June 2015, the ambulancepider in the RSD changedubng thetransitional period fromsiof

June to 2% of September 2015, EMS response timesenot availableandaremissing in our data set.

VFR and EMS response times

VFR respose time is measured from the activatiorihgf GPSsystem to arrivabf each othethree VFRs.

If more than one VFR arrives at the emergency site, the shortest arrival time witicbforemalysisThe
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GPSsystenregisters VFR arrival to the emergency site, when the VFR is within 50 meters of the site.
Furthermorethe system cannot register VFR arriifainobile battery life idess than 30%, or in the absence

of mobile phone reception.

EMS response time is meaed as the time from activation to arrival of the first EMS at the emergency site.

Study Population

All EMS-treated OHCAs that occurred on the island of Langefiamd April 2152012 untilDecembeB 1
2017are includedPatients with obvious late sigiof deatrareexcluded along with nemedical OHCAs
due to trauma, suicide, accidents etc. Also, OHCAs in nursing hemmexscluded as VFRarenot

activated during these emergency calls.

Place of cardiac arresstdefined as residential (private homesyltiple dwelling houses and vacation

houses/cottages) or public (public buildings, streets, workplaces, sports facilities).

FromApril 21512012 toMay 31%' 2015patient information was filled out on paper forms by the EMS staff.
To identify OHCA patiert in this period, all paper forms from the EMS stations in Rudkgbing and
Svendborg were systematically screened by one author (LS).$eptembeR1 2015patient information
was filled outelectronically and stored in thi&renospital Patienfournal (fPJ) PPJ stores information about
prehospital patient treatmeloy EMS, paramedics, physiciataffed vehicles and physiciafiem the
helicopter emergency medical services (HEMR) identify OHCA patients the FHPJ, all recordings
describing poblems involving airways, breathing and circulation were systematically screened, as these
could potentially evolve to cardiac arrest from the time of the phone call to the arrival of EMS. Also,
recordings reporting any form of cerebral derangementurapnsciousness, epileptic seizures, syncope,
were also screengds these could be misinterpreted cardiac arrest.dasesosscheck for potentially
missing OHCAs, the EMDC withdrew a list of all patients that had any informaiiitten in the section

fiCardiac Arresto in the PPJ.
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By using each patient és u(00)dnioenatioreregarding eaomorbididyeimt i f i ¢

hospital treatment, results from blood analymedimaging and 3@day survival was collected.

Outcomesand Variables of Interest

The main outcome variables of interest ar

1. Response rate fall VFRs
2. Response times for VFR&®IdEMS

3. Thirty-day survival after OHCA in residentiahdpublic places

Covariates of interest armimber of VFRs arriving before EM8umber of VFRarriving with an AED
before EMSyate of bystande€PRamong OHCAsfirst documented rhythm, defibrillation before EMS and

CPC score at discharge.

Statistics

All categorical variables will be presented as frequencies and percentages. When comparing categorical

vari abl es, isdquare téam Bisy lseorn®s vethbe usdd deppending on sample size in each

group

We will visually inspect all continuous variables for normal distributidre normally distributed
continuous variables will be presented as means with standard deviation$i{gm)r-normally distributed
continuous variablewill be presenteds medians with 25th and7percentiles, also known as interquartile

ranges (IQR).

When comparing groups of continuous variabies, or more normally distributed varils will be
compared using thetSu d e rdst@isonaliay analysis of variand®NOVA), respectively. Nomormally
distributed variables will be compared using the-parametric Man¥Whitney U-testfor two groupsand

the nonparametric KruskalWallis test in cases @hore thartwo groups

24



The statistical significance level is at 58malysis will be performed by use of STATA version 15

(StataCorp LP, College Station, Texas).

Ethics and Data Rotection

For this type of retrospective studies, Danish legislation hasrm@af requirements of ethical approvéhe
project was approved by The Danish Data Protection Agency (Journal no. 17/32047) and the Danish Patient
Safety Authority under the administration of Danish Health Authority (t801382319/1 and 8013

2848/1, espectively).

RESULTST Paper |

Key results fronpaper larepresented with additional data in this results secture details can be found

in paperl (45).

The number of registered VFRs in 2012 was i8sonn Langelandof which54% were maleAt the end
of 2017 the number of VFR®d slightly decreased 1070, and the male fraction was unchanged (55Phg
number ofAEDs on Langelanthat could beccessed by VFRiuring emergencies was circa 180which
98%wereavailable for us4/7 in outdoors cabinetfwo AEDs were placed at general practitioners and

only available during opening hours

VFR and EMS responsdimes

Figure 6shows a flow chamvith the number of emergency catis LangelandOut of 2,774 emergency
calls, at least one VFR responded in 2,662 c&3kthese, a VFR arrived before EMS i)2@86 cases (85%),

and in 1745 case$66%)the VFR had brought an AED to the emergency k@éore EMS arrival
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2,774 Emergency calls with activated VFR

11 Missing EMS records

101 VFRsunresponsive or not
available

Y

Y

2,662 Emergency calls wittesponding VFR and EMS records (100%)f

\4 Y Y

392 EMS arrives first (15%) 2,266 VFR arrives first (85%) 4 EMS and VFR arrive at the

sametime (0.1%)

Y Y

521 VFR without AED 1,745 VFR with AED

Figure 6. Flow-chart showing the number of emergency calls with activation of voluntser fir
responders (VFRSs). *In 2,380 of the 2,662 cases, a VFR brought an AED to tA&Biteédutomated

external defibrillatorEMS: Emergency medical servidé-R: Volunteer first responder.

Table 2shows theinnualnumber of emergency csliwhere VFRsvere activatedand the corresponding

VFR and EMS response times in frears20122017.Theannual response times also shown in Figure 7.

The median response times for all VFRs (N=2,662) was 4 minutes and 46 seconds, and the response time for
a VFR binging an AED to the site (N=2,380) was 6 minutes and 21 seconds, both significantly shorter than

that of EMS, 10 minutes and 13 seconds (p<0.00H))
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Table 2. Annual VFR response times for 202017.

VFR response time EMS response time P
No. of VFR activations (%), (min:sec), (min:sec), value*
(N=2,662) median (IQR) median (IQR)
Year
- 2012 226 (8) 5:27 (3:347:42) 12:49 (8:3816:13) <0.0001
- 2013 360 (14) 4:53 (3:336:51) 13:17(9:32-17:12) <0.0001
- 2014 406 (15) 4:57 (3:316:58) 12:43 (8:4216:39) <0.0001
- 2015 314 (12) 5:10 (3:117:09) 11:04 (7:2516:06) <0.0001
- 2016 718 (27) 4:50 (3:227:11) 7:38 (4:3414:13) <0.0001
- 2017 638 (24) 4:06 (2:505:58) 7:16(4:17-12:56) <0.0001

*Non-parametridannWhitney Utest. EMS: Emergency medical service. IQR: Interquartile range. RSD: Region of Southert

Denmark. VFR: Volunteer first responder.

Responsdimes in theyears20122017

14:24
12:00 ™

09:36 \ .
\ = EMS response time

: _— = \/olunteer first
04:48 o~ responder time

02:24

07:12

Medianresponetimes (min:sec)

00:00
2012 2013 2014 2015 2016 2017

Figure 7. Annualresponse times famergency medical servie(EMS) and volunteer

first responder (VFR).
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Survival in residential and public places

Of the 243 presumed OHCAs identifiedriohg the inclusion periqgd.26 were excluded mainly due to signs
of prolonged death (63 cases, 50%) and@btCAs (34 cases, 27%) (Figure 8). The latter glisdprther
described in Tabl8. Out of the 112 medical OHCAs, 65 took place in a residential area (58%) and 17 at a

public place (15%).

OHCAs in residential areas and public plasese comparable as regard to age, male sex distribution,
proportion of shockable rhythm and gagest cardiovascular risk factqeb). It seems, however, that public

OHCAs more frequently had a cardiac cause okarmeere more often withessed and defibrillated prior to

243 Presumed OHCA 126 Excluded

63 Obvious late signs of death
34 NonOHCAs

7 OHCA due to suicide

5 OHCA due to trauma/accidents
17 Did not fulfill inclusion criteria
117 OHCAs (date, address)

Y

Y

5 EMS witnessed OHCAs

112 OHCAs included

30 Excluded:
24 Nursing home
2 Unknown location
1 Unidentified
3 Other

Y

Y

65 Residential 17 Public place

Figure 8. Flow-chart showing the inclusieexclusion process in identifying eaf-hospital cardiac arrest

(OHCA). EMS: Emergency medical service.

EMS arrival. In both groups, the occurrence of ROSC at hospital arrival was similar;day 3Qrvival

appeared to be higher in the public OHCAs compared to the residential(g&up
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Table 3 Causes of symptoms suggestive of cardiac arrest ir

nonout-of-hospital cardiac arrests (OHCAY=34)

No. (%)
Epileptic seizure 14 (41)
Syncope 4 (12)
Medical cause
- Subarachnoid hemorrhage. 2 (6)
- Cerebral stroke 2 (6)
- Cardiac arrhythmia 1(3)
Cerebral confusion 4(12)
Opioid overdose 3(9)
Accident with head trauma 2 (6)
Alcohol intoxication 1(3)
Choking accident 1)

METHODS 1 Paper Il & I

Study Design and $8ttings

Paperll andlll areboth cohort studies, where AED data was prospelstieollected at the AERenter.
The studiesredesigned retrospectivelyhe datds from AEDsused by bystandeis the RSD from

Januaryl® 2014 toDecembeB1% 2018.

The RSD consistgartly of mainland angbartly islands, of which the two largest, Funen &adigelandare
connected to the mainland by bridgéke RSD covers an area?,191 knd and is a mixed ruralrban
areawithl.2mill on i nhabitants, of which t (Setiste2D@iimarR)0 0 r e s

The Odense University Hospital serves as a tertiary referral center for the RSD.
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The emergencyresponse in the RSD

The RSD has a total of 39 strategically placed E¥Eons, six of which havephydcian-staffed
emergency vehicleThe EMDC for the RSD is located in Odense and is operated by health care
professionals. If a health care professional receives a phone call and suspects a cardiac artesed two
EMS system is activated following the dispatch of an ambulance and a phystizied emergency vehicle.
The ambulance has BLS equipment including a defibrillidtidePak 12/LifePak 15)and is staffed witlan
emergency medical technician (EMdnd an EMT assistanthe physiciarstaffed emergency vehicig
staffed withan anesthesiologist and an EMible to provide advanced life support (ALS) including
endotracheal intubation. In 2013, a prognaith threehelicopter emergency medical sera¢EMS) was

launchedocated in Ringsted, Skive and Billund serving the entire area of Denmark.

In cases where there atleast two bystanders present trained in CPR and a nearby available AED, the

dispatcher may refer one of the bystanders to itsitotah accordance with international guideliri29).

In this study, EMS response times are measured as time from phone call to the EMDC to EMS arrival at the

cardiac arrest site.

Data Collection

As inpaper |, data collection in bothapes|l andlll areperformedusing the Utsteimrecommendations for
reporting resuscitation outcom@®). Accordingly, reporting of aurological outcmesis done by use of the

CPC scorand30-day survivalis used to report the main survival outcame

Cause of OHCAs defined according to the Utsteguidelines(29), andis adjudicated by two authors (LS &
FLH). Using hospital records and autopsy reports, those with a medical cause of cardiac arrestheere f
categorized into cardiac (presumed, confirmed and unknown cause)-canugc cause of arrest.
Shockable and neshockable rhythmaredefined according tthe 2017 AHA/ACC/HRS guideline for
management of patients with ventricular arrhythraiadAHA statement from the Task Force on AEDs for

PAD (70, 88)
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The AED-center and the DanishAED-network

In 2014,an AED-center was establishedthe Department of Cardiology, Odense University Haggitan
AED is used on personsuspectedf OHCA in the RSD, itis subsequentlyransported to the AEDenter
for further investigationUsing specialized software, the electrocardiogram recorairegstrieved and
analyzed. Afterwards, the batteriesscue kitand electrodearereplaced, and the AEB resetandsend
back to itsowner. Theinformationfrom the AEDiss t or ed i n ekcronit hgspatdl neselafdr 6 s

further diagnostic use.

Thenational DanistAED-networkhn as been previously descr inteddvo(rkee
p. 19. In cases where the AE€entercannotidentify the ownerdddress of AED locatigrihe serial number

is used to trace this information via tA&ED-network if the AED is registereth the network

Definition and adjudication of location types

Location typs arecategorized using the 201&stein template for uniform reporting of resuscitation
outcomeg29) with addition oftwo location typeshatarenot addressed in the template 6 He al t h c | i
6l nstit ut havenaffilated haadth card professionals with mandatory BLS traibintghe

population differs from that of nursing home&us, thdocation types categorizing the OHCA site and AED

placement are

1) Residentiabrea (including private homesnultiple dwelling houses and vacation houses/cotjages

2) Public placs (includingall places freely accessible to the pulglig. shops and bankas well aschools

and educational facilities)

3) Nursing home

4) Companiesvorkplaces

5) Institutiors (defined & part time special care facilities and permanent community housings for people

with mental or psychiatric disabilities
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6) Health clinics (defined adocatiors that employ authorized health care professionals registered under the
Danish Health Authoritie®.g.medical doctors, nursgdentists, physical therapists amctupational

therapists This does at includehospitals or outpatient clinits

7) Sports fadity/recreational areaifcluding rowing and golf clubs)

When &aluatingAED use, coveragandretrievaldistances irpaper I, theabovementionedocation types

will be used. However, when evaluating the demographic and prognostic negalger Il, the groups4-7
(companies/workplaces, institutions, health clinics and spacilities/recreational areas)ll be combined

into one OMi xedd group. The reason for this is th
none are freely accsible to the public, bull are rallying points for rather large groups of people associated

with that particular place.

At the end of 2018, thAED-networkhad a total of 4,359 AEDs registered in RIBe registered
information regarding the AED locatidypes howeverwas incomplete and validation was needed.
Therefore, a random sample of 150 AEDasveelected and reviewed thyee authors (LS, HM and FLH) to
reach agreement regarding location typing the Utsteitemplate Afterwards, on@uthor (LS)
systematically evaluated the remaining 4,209 AEDs and categorized them accordingly. In cases of

ambiguity, the group was consulted to reach agreement.

Geocoding andQGIS

For paper I, population densitieareevaluated using a map with 108@terx 1000meter(1 kn¥) grid
cellscovering the entire RSOrhegrid mapused for this purposs created by GEOSTATEUROSTAT)
based on the populatiatistribution in RSD in 201{91). Despite attempts to retrieve a more updated
populationmap this wasnot possiblewithin the time framef this PhD.To evaluate the population density
in each grid cel]lwhere an OHCA occurred and an AED was used, we vélihesopen source program,

Quantum Geographic Information System (QGIS) (version A Corufia @2PJsing QGIS, eacprid cell
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is color-graded according to the number of inhabitaratsging from zerdnhabitants (lightest green shade)

to cells with O500 i n(Figuei9t ants (darkest green sha

Using QGIS, wewill alsointegratethe addresses of the 4,359 AEDs in the GEOSTAT population map. This
will help tovisualize AED dissemination and to assessrthmber of AEDs in each cell at time of OHCA
(Figure10). When reporting the number of available AEDs at the tin@HECA, registration dates for all

AEDs in the specific grid cell will bevaluated, and only AEDegistered before this date will bakeninto

account (Figurd0).
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Figure 9. The GEOSTAT map showing the colgraded grid cells according to population density in each 1

km? cell. The upper right corner shows the cajoading according to the number of inhabitants in each cell.
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Figure 10. A showsthe darkgreen colorediensely populategdrid cells in urban Odense and the
automated external defibrillatorAEDs) in the same area (yellow dots with registration dais).
shows a rural area approximately Kilometers outside &&. The area is less densely populated and

only one AED is registered in severalkm



Definition of population density

Based on thaumber of inhabitants each grid cejlpopulation densjtis categorized as follows:

1) Thinly popubted:0-19 inhabitantgper kn?

2) Moderatelypopulated 20-199 inhabitantper kn¥

3) Densely populatedd2 00 i nhab3i tants per km

To validatethatpopultion density in each grid celpproximateshe population density in a given area
random sample of 30 OHCA sites (10 in epopulation densitgroup) wa compared with thénew
definition of urbanizatiomlegre® by E U RaB&calleédhe LAU2 threeway classification (densely,
intermediate and thinly populate(®3). Ourdefinition of population density was consistent with the LAU2
definition in 28 out of 30 cases (in two cases, the moderately/intermediate density grouptegaszeds

thinly populated according to the LAL:finition).

Definition of AED coverage andAED retrieval distances

The definition of AED coverage is tlmediandistance an AED is carried from its stationary location to the
OHCA site thus thalistancecovered from thafED location The definition of AED retrieval distance is
the distance a byatder must walk from th@ HCA site to collect an AED. For example, the expected AED
coverage oan AED placed in a public place with higledestrian traffic may be a shorter distance, while
during a rural cardiac arrest in a private home, the bystandetravay a longer distance to retrieve the

nearest AED.

All coverage and retrieval distan@scalculated using Google Magd presented as ea@y walking
distancesGoogle Mapss a valid mapping tool for measuring shorter horizesfadtial distancgwithin the
scope of this stud{®4). If the site of cardiac arrest and AED locatisthe same (osite AED), an

arbitrarily distance of 5 metevsll be used for distance calculations.
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Study Population

OHCA cases, wheran AED is used, and the AEDsabsequently transported to thED-centerare

evaluated for inclusionf information aboutthe OHCA siteis available.

Paper II: OHCA due to medical causeseincluded.OHCA patients with prolonged signs of deaite

excluded along with thosgho did not have cardiac arrest.

Paperlll: OHCA due to bothmedical and nomedical causeareincluded {rauma/drug
overdose/drowning/electrocution/asphyxidowever, for normedical OHCAS, only information regarding
EMS response time§QHCA and AED distance calculations and population derisitgported OHCA
patients with prolonged signs of deatio did not have cardiac arrest those that oceted atnursing

homes are excluded

Outcomes and Variables of mterest

For paper Il the main outcome variables of interast

1. AED userelative to proportion ofegisteredAEDs according to location type
2. The percentage of AEDs transported frone to another location type during OHCA

3. AED coveragalistanceaccording to location type

Secondary outcome variables of interestpfaper Il are; AED retrieval distances and 2fay survival
according to location typ€ovariates of interesire; Rates ofhockable first rhythraccording to loction

type, number of registered AEDs and 24 hour AED availability according to location.
For paper Il the main outcome variables of interagt

1. Thirty-day survival after OHCA in densely, moderately and thinly populated areas

2. The effect ofAED retrieval dstanceon 33day survival after OHCA
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Covariates of interestre;EMS response times, proportion of residential OH@&sording to population

density,and AEDs per krhaccording to population density.

Statistics

All categorical variables will be presentas frequencies and percentages. When comparing two or more
categorical variaplese thbet PearBioanlbher aédgdhiexact tes
sample sizeContinuous variables will be visually inspected for normal distribution.nbhmally

distributed continuous variables will be presented as mean$SWithnd nornormally distributed

continuous variables as medians with 25th arftiggscentilegIQR). In group comparisons, two or more
normally distributed vari abl estorerievay ANOVA, respetipedyr e d u
Non-normally distributed variables will be compared using the panametric MantWhitney U-test and the

nonparanetric KruskatWallis test in cases of two or more group comparisons, respectively.

In paper 1l we will use a scatter plot to graphically display the association between the proportion of
registeredAEDs atthe seven different types lafcations (X axisand the proportion of AEDs that are used
from the same locations (Y axis). An upward shift in the scatter plot (Y value > X valubgvisterpreted
asa relatively higher use of AED frothatspecific location. Alsoin paper Il, we will use abox plotto

visually compare AED coveragistancesccording to location type.

In paper lll, a mulivariable logistic regression analysis will be used to evalti@eassociation between

AED retrieval distance and survival after cardiac arrest

The statisticalignificance level is at 5% bothpaper Il andlll . Analysis will be performed by use of

STATA version 15 (StataCorp LP, College Station, Texas).

Ethics and Data Rotection

For this type of retrospective studigsaper 1l & Il ) Danish legislation has rformal requirements of

ethical approval. The project was approved by The Danish Data Protection Agency (Journal no. 17/32047)
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and the Danish Patient Safety Authority under the administration of Danish Health Authoriy301i% 3

2319/1 an®B-30132848/1 respectively).

RESULTST Paper Il & IlI

Table 5. Cumulative numbers and proportions of registered AEDs according to location type

2014 2015 2016 2017 2018 Total % 24/7 hno. 24/7h %

Residentiabreas 194 282 363 430 501 11.5 494 98.6
Public placs 767 902 1,073 1,259 1,408 32.3 79 66.0
Nursing home 36 49 76 84 86 1.9 929 91.9
Companiesvorkplaces 644 767 931 1,103 1,228 28.2 248 39.7
Institutions 283 367 441 537 586 13.4 345 58.9
Health clinics 86 111 125 142 159 3.6 487 29.6
Sports facilitiekecreational 278 306 336 366 391 9.0 47 63.4
Total number 2,288 2,784 3,345 3,921 4,359 100.0 2,629 60.3

AED: Automated external defibrillator. 24/7 h: 24 hours a day seven days a week.

Key results fronpaper Il andpaper Il are presenteith this results section with sonaglditional data. More

details can be found in the papers.

From 20142018the AED-centerreceived 621 AEDs for analysiSheannualnumber of AEDsis shown in

Table 4

Table 4 No. of AEDs received at the AEBenter 20142018

No. (%)
Year
- 2014 93 (15)
- 2015 104 (17)
- 2016 111 (18)
- 2017 139 (22)
- 2018 174 (28)
Total 621 (100)

AED: Automated external defibrillator.
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During the study period, thmumber of registered AEDs in the AHI2twork almost doubled from 2,288
2014to 4,359in 2018 with AEDs at public place$32%)and companies/workplas(28%)comprising the

majority (Table 5) The highesR4/7 havailability was observed amomngsidential AEDK98%) (Table 5.
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Figure 11.Flow-chart showing the inclusieaxclusion process fqraper Il & lll. AED:

Automated external defibrillator. OHCA: Guof-hospital cardiac arrest.



Figure 1L shows the inclusicexclusion proces®r paper Il & Il . The figure shows that 5@HCAs

fulfilled the inclusion criteridor the purpose opaper Il, and 4230HCAsfor the purpose gbaper I11.

Due toan unfortunatenisclassification of OHCAwhen entering data into the databdsepnmedical
OHCAs (all due to suicide) were included in the 509 patientsaiper Il. In paper IlI, all nonmedical

OHCAs 6 suicides and 17other normedicalOHCAS) were appropriatelincluded.

In 7 OHCA cases, the OHCA location type was known while the specific OHCA address remained

unknown. These 7 cases were therefore includedper 1l and excluded ipaper Il1.

Demographic and prognostic resultsRaper Il)

The 509 OHCAs were subdividedcording to tle severOHCA location typegFigure 1). OHCAs in
residential areas comprised the majority (173 out of 509, 34%), followed by OHCAs in public places (131
out of 509, 26%J95). OHCAs in residentiahreasand nursing homes were more commonly fenralee

often unwitnessed, and had lower rateshafckable rhythmsompared to the other groufgs). OHCAs in
public aeas and in thé keddgroup had the highest 3fay survival (45% and 64%, resgiively), whereas

survival was markedly lowein residentialreasand nursing homes (13% and 2%, respectively).

AED use from different location types (Paper II)

The relativeAED usefrom public places, nursing homes, sport liies/recreational areas ahéalth clinic
was high and the relativeisefrom companies/workplaces, residential areas and institutiasdow(95).
We also found that during cardiac arrest in resideateas AEDs were mast commonly collected from

public places.

AED coverageand AED retrieval distances(Paper II)

Of the 509 included OHCAs, the AED location was available in 416 cases (82%) for distance calculations.
The widest AED coverage was obserf@dAEDs placed in residential areas, with a median coverage
distance of 575 meters (IQR 13010), followed by public areas with a med@verage distanaaf 250

meters (IQR 550)(95). When an OHCA occurred in a residential area, the AED retrieval distance was
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almost the same as the coverage distance for a resideplg@®dAED (550 meters (IQR 280200) & 575
metes (IQR 1301110), respectivelyO5). However, during publi©HCAS a bystander travelled a median
of 40 meters (IQR£&30) to retrieve an AERompared tahemore widerAED coverage distace of 250

meters (IQR 550) for a publically placed AED

Demographic andprognostic results Paper III)

Of the 423 OHCAsncluded inpaper 11, 207 (49%) occurred in densely populated areas, while 78 (18%)

and 138 (33%) occurred in moderately and thinly populated areas, respectively. Patient characteristics were
comparable acss the groupéTable 1,p. 3). When comparinghinly populated areasith densely

populated area&EMS response times wesignificantly longer(12 minutes (IQR 45) vs. 8 minutes (IQR

5-12), respectivelyP=0.0001)) and the proportionf residential®OHCAs was highe(50% vs. 36%,
respectively(P=0.01). Despite longer AED retrieval distances in thinly populated areas, survival did not

differ among the group&0% 31% and34% in denselymoderatelyand thinly populated areas,

respectively).

The effect of AED retrieval distance on survival (Paper Il1)

About onethird of AEDs used during OHCA were -@iite, and about twthirds were collected from
differentaddreses(Figure 3,p. 110. A multivariable logistic regressioanalysis was performed using 10
clinically relevantcovariates andonfounders (age, male sex, cardiac cause of arrest, bystander witnessed,
public place of arrest, shockable rhythm, bystander defibrillation before EMS arrival, time of day, population
density and EMS response timahdaspart ofabackward elimination, three variables (public place of

arrest and bystander defibrillation before EMS arrival and population density) were exatutthedfihal
multivariabke analysis, AED retrieval distance was regressed ata@&urvival The analysis demonstrated

an OR of 1.0010 (95% CI 1.00a49€016), whichs translated into a 0.1% increase in risk of death per meter
correspondindgo a10% increase inisk of deathper 100 meters an AED was placed further away from the

OHCA site(Table2, p. 107).

42



DISCUSSION

The results fronpaper Ishow that GP&ctivation of trained VFRs during OHCA leatdsthe arrival of at

least one VFR in 96% of cases and demonstrates that a VFR arrived before EMS in more than four out of
five casesFurthermore,lte GPSsystenresulted in a VFR response time that wigmificantlyshorter than

the EMS response tim&he study also shows a trend towards improved suraftedOHCA in both

residential and public areasmpared witlresults reported in earlier OHCAuslies However, thistudy

was not designed to evaluate causative effefc/FRs, and the results are therefore only hypothesis

generating

The results fronpaper Il show that thee was a high relative use AEDs placed in public places, nursing
homes, health clinics and sports facilitiend a low relative usaf AEDs placed in residential areas,
companies/workplaces and institutionsnsidering theumber of registered AECa each locationAlso,
the maprity of AEDs used during residenti@HCAswere collected from public placdsastly, the study
demonstrate significantly longercoveragalistance®f AEDs placedn publicplacesand in residential

areaghanproposed ircurrent literaturend previouguidelines

The results fronmpaper Il demonstrat¢hat survivalafter OHCA,where an AED was used, did not seem to
differ in thinly, moderately and densely populated areas. The length of the AED retrieval distance, however,

wasassociateavith reduced swival, even after adjusting fmovariates angotential confounders.

The implications of VFR use during cardiac arrest

Although most cardiac arrests occur in private homes, the resultp&pen |l revealed that only one in

three AEDs was used at this location (173 out of 509 OH(F%) andpaper Il further demonstrated that

most OHCAs occur outside the densely populated areas. These two groups, residential and OHCASs outside
densely populated urban areas, share similarities that give rise to the same challemges\iong survival;

both have longer EMS response tinj@8, 60, 6265, 96) fewer shockable rhythn{89, 60, 63, 64, 68and

overall reduced survival, when compared with public cardiac arrests and OHCAs in densely populated areas
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(39, 59, 62, 65, 96Paper Il also reported a higher rate of residential OHCAs in thinly populated areas
compared with higiiensity areas, consistent with the findingtNehme and colleagué83). Here,

however, the study evaluated the use of firefighters dispatched as first resplonolelst to improveAED

use, an increasing number of communities have used different mbbite systems to activaté-Rs
duringOHCA. The results so far have been promising, but have raised new challenges that need to be
addressedn the PAD Trial,only 60% of thel9,000BLS trainedVFRsrespondedby giving appropriate

CPR in the event of a cardiac arrest, and an AEDonbsused iraboutonethird of caseg9). The study,
however, was conducted more than a decade ago, and the results could reflect a more restrained approach
among firstresponder towards providing BLS during OHG¥s previously mentioned, bystander CPR rates
hawe increased substantialnd according to the most recent report fromDhaishResuscitation Coungil
bystander CPR rates exceeded that of-fesponders in the PAD trial (79% vs. 60%, respectiv@). The
findings inpaper lalso suggedhat citizen volunteens a rural are@an beeffectively trained to beconme

part of the EMDC response duri@HCA, with an impressive response rate of 96% and a median response
time 0f4:32 (IQR 3:076:21)among the 82% of VFRs that arrivedfore EMS The response time,

however, is measurdtbm the time point of VFR activatiountil arrival.Unfortunately, it was not possible

to report the time delay from phone call to VFR/EMS activatiorihe collapsé¢o-call delay for the 2,662
emergency calls, where at least one VFR accepted the call. However, this time delay waed&bctiat

43 witnessed OHCAmcluded inpaper |, and showed an average delayldf4 min:secs (data not shown),
which means thdbr VFRs arriving before EMS, response times will not exceedBeninutes endorsed

by current guideline@).

In the RSD, it isexpected for an EMS to reach the emergency site within 15 minutes for 95% of all EMS
responsef97). In paper |, the median EMS response time was 10:13 min:secs (IQR18:24). Even with
the collapseto-call andcall-to-dispatch delay, this iwithin the expected time frame for the R§LY). This

is also close to the EMS responses efl20ninutes observed in other studig2, 65, 81, 98)However,
without proper bystander intervention, almost none would survive a cardiad &4,e38) Perhaps the

markedly shorter VFR respamsimes affect survival rates after OHCA on Langel@éiftout of 82 OHCAsS
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alive after 30 days, 17%), which is encouraging compared withgb overall survival among OHCAS in

other studie$17-19). Yet, the number of OHCAS aper lis relatively small and cannot lsed for

evaluating causative effects. Also, as mentiongehjer |, the GPSsystem used on Langeland markedly
differs from other types of alert systems used in other commu@tgsand a heatb-head comparison Wi
standard EMS response in a randomized trial has onlydmeluctedn one study(85). The study,

however, only involved OHCA# central Stockholm, a densely populated area, and it is therefore unknown

whether the alert system with untrained VFRs will perform as effectively outside an urban center.

AED use from different location types

The results fronpaper Il showed that the relative use of AEDs from public places, nursing homes, health
clinics and sport facilities/recreational sites was high compared to the number of AEDs registered at those
location types. Vice versthere was low relative use of AEDs piad in residential areas,
company/workplaces and institutiodss regards to thERCrecommendation of placing AEDs on public
places where an OHCA is expected to occur every 5 y2nithis is considered to be caxffective

compared to other interventiof&4, 99) However on-site cardiac arrest incidence cannot stand alghen
considering AED placement, but must be evaluated in relation to the population at the specific location
amongst other factor§ he incidence at @. nursing homes is expected to be relatively high, due to higher
age and comorbidity among nursing home residd8102). However, a Danls registry study found that
30-day survival wasnly 1.7% among 2,519 nursing home OHQAB0). Thisis similar to the resultbound

in paper Il (2%), which also found a relatively high use of AEDs at this locafi@n comparison, the

relative AED use from compani@gorkplacesvas lowin paper Il (only 1 in 20 of used AEDs). However,
cardiac arrests that occur in companies/workplacestteatiect a younger arttealthier population with a
much higher survival ratafter OHCA(103), whichpaper Il alsoconfirmed.Hence, theexpected number of
life-years gained after AED use in companies/workpléckighercompared to other locations, which must
be weighed against the relatively low AED use and low cardiac arrest incidence foundtiesesare

among thdactorsthat should accompany the-site incidence ratesvhen deciding the optimal location for

AED placemenand forming future recommendations in this field
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AED coverage distances

The recent ER€ecommendtion mentioned above does not specifyateasizeused for incidence
measurement@®ccurrence of every 5 yearflowevermost studiegnterpretthis asthereoccurrence of

OHCA at the same addre@s3-55, 104) This recommendation was evaluated Deaaish study by Folke
andcolleaguesBY using addresses of historical OHCAs, the sfodyd that AED placement ihesed h + g h
ri sko p uvolldoelybedble o eoserbout ondifth of public OHCAS, or 5% of all OHCAs (248

of a total of 4828 OHCA4p4), if residential OHCASs are include@he study emphasizes that the majority

of OHCAs occur in areas that are not addressed in the guidelines. Moiraxgrent literatur@an AED is

only expected to cover a distancedol 0 0 168561045 105)which is mainly applicable to urban
centerswith a high density of AED§&40, 5355, 105, 106)The results ipaper Il, howeverrevealthatthe

reatlife coveragadistanceof AEDsin public places wafar longer than the 100 meters expec@s) meters

(IQR 5-550), and that the coverage distance of a residexiEBl wasalmost six times the expect€alr5

meters (IQR 13@.300).So far, paper Il is the first study to distingsh between AED coveragistanceand

AED retrieval distanceduring OHCA. Theaermifi AE D ¢ o when asgdea the literature and previous

AHA guidelines(53-56, 104, 105)refers tothe oneway distance a bystander is expedtettavel to collect

an AED. Inpaperll,t hi s t er m ( fiwdaEsD rceonvaemreadg etoo) t h e amdAhE®ermr et r i
i AED c o wasinsteqadapplied the median distance an AED was transpofitexh its stationary

location While the AED retrieval distance of 40 meters (IQR3) for public OHCAs confirms that

bystanders at public OHCAs only are willing to travel a short distance for AED retrieval, the AEDs placed in
public placesvere able to cover a much larger af@23 knt for public places and 1.0 Krfor residential

areas vs. 0.03 khfor a radius of 100neters).

AED retrieval distancesand travel speed

The bystander retrieval distance during a residential OHCA wamB&rIQR 2831200 m) inpaper II.
If the travel speed used in previous guidelines is applied heré (hinutes to travel 10@etersor % 1 .
m/sec), the additional time delay from collajpealefibrillation would be 6 to7 minutek the HeartRunner

study by Jonsson and colleagues, VFRs were able to travel at a median speed of 2.3 m/seel(QR 1.4
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m/sec)(57). Furthermore, the study demonstrated that travel speed in rural areas exceeded that of densely
populated urban areas (3.1 m/sec versus 1.8 mlaexBwiss study, Auricchio and colleagues found tha
VFRs travelled at a median speed of 6.9 m/sec, which implies the use of motorized vehicles, as only 4% of
VFRs travelled with a speeastjuivalent tdorisk walking(79). Both studies were conducted in mixed rural

urban settings, requiring longer distan@egdian 0f1196 meters (IQR 598314)and 956 meters (IQR 480
1661), respectivelyior VFRs to reach the emergency site. For compayisam other studies in urban

Stockholm had VFR distances of 25@terg(IQR unavailablepnd 560metergIQR 332860) (80, 86)
respectively However, the VFR distances are not directiynparable witlthe bystander AED retrieval
distanceswhich is used in bothaper Il & lll . While a bystander must travel a tway distance to collect

an AED and bring it to the emergency site, a VFR is located by GPS, receives coordinates for the neares
AED and is advised the shortest emay route to the emergency site. Furthermoreatbeementioned

distance measuremer{&/, 79, 80, 86are for VFRs reaching the emergency site to provide, @GR& not

bring an AED So far, only one study has evaluated the additional distance a VFR must travel to collect and
AED before approaching the emergency Sitee oneway travel distance of 560 meters (IQR2ZEH0)

reportedby Berglund and colleaguedmost double@1280metas (IQR 7481776), when th& FR was

assigned to colle@n AED(80). In paper Iwe were not able to report VFR travel distances. However,

found atime delayof 1 minutes and 35 seconds between the first WHRach the emergency site and the

VFR bringing an AED to the sit@:46 min:sec versus 6:21 min:secheTGPSsystem on Langeland had a
substantially larger radius of 50@fketersfor activating VFRs, compared to other mobile phone sys(&tns

79, 80, 84, 85)howeverthe maximum distance to reach an available AED at any place on Langeland is
1000mThe reason for this is that tplrehasédbytlte Langemndl a b | ¢
Hjertestarterforening, which opted for a unified strategic decision of placing AEDs no longer than 2 km
apart.Therefore there is an upper limit for the additional collapsaefibrillation time on Langeland

compared with otheareas in the RSD, where AED placemisrtrgelyunguided (Figure 9). Perhaps, this
strategic placement of AEDSs in rural areas is the optimal approach for reducing ctutdp$érillation

time, especially if a fitsresponder system is available. This, however, needs further reasatretould
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require buying an additional large number of AEDs or efforts into relocation the existing AEDs that are

registered in the AEMetworkto reduce retrieval distances in theDRS
AED retrieval distance and survival after cardiac arrest

The results ipaper Il showthat the chance of survived reduced with increasin§ED retrieval distances,
regardless ofieart rhythm, witnessed status, EMS response time and other confolihéeis.in line with

the findings of Sondergaard and colleagues, who demonstrated that the overall chance of survival was
associated with the distance to the nearest available(A€D). Theyalso found that the probability of
bystander defibrillation during cardiac arrests in residential areas remained low at all distances, compared to
public areasHowever the study by Sondergaard and colleaguas aregistry studywhereonly

defibrillation stitus wasecouded, and not whether an AED wased, and the results could in fact reflect the
decreasing number of shockable rhythms which deteriorated due to ¢mtigpseto-defibrillation time In
continuation of this line of thoughbnecouldarguethat theAED retrieval distance is a proxy marker of
collapseto-defibrillation time. However, the timetakes for a bystander to locate and retrieve an AED can
be modified by several factors, Inding EMS response times, bystandese of motorized vehicles or brisk
walking, the accessibility of an AED during day/evening/night timdwther the AED cabinet is open for
quick access or only by code, whether the bystander uses the shortest avmitaldenot. These factors,
along with a more guided AED placement approach and an optimized use of VFRsaslsoutghany future

efforts to optimize this field.

STRENGTHS AND LIMITATIONS

All papers were retrospective observational studies, where salbii® cannot be ruled out.

Paper |

Our study was limited by the use of data from a small, confined area as regards to EMS response times and
OHCA survival outcomes. During they@&ar inclusion period, several timnelated factors couldave
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contributed tdmproved survival after OHCA, whicimay involveboth pre and irhospital treatment after
cardiac arrestAnother limitation is the inability to report travel distances for VFRs and thedetas from
collapseto-phone call and from phercaltto-dispatt of EMS/VFRs. This would help make the results

more comparable with bér VFR studies in this field. d¥vever during 20122015, the VFRs were

dispatched by the EMDC viasgparatéablet computer, which meant an additional median-tielaythat

could notbe accounted foThe GPSsystem used on Langeland was developed based difeesdttings

found here, as well as the establishment of an intrinsic-A&ork with predetermined distances between
AEDs. The impressive response times may therefore liewdtfto achieve in other Danish regions or
outsideof Denmark Lastly, the number of OHCAs in this study was limited, making the results susceptible
to variation. Lastly, the study was, as mentioned, not designed for evalueitingr causative effecter

associations, and the results must therefore be interpreted with caution.

A strength of this study is thall EMS paper and electronic journals were screened to identify OHCA cases
during the inclusiomperiod, which is not possible foegistry studis in this field.The extensive information
gathered from both EMS journals was crolgecked with hospital journals, making it possible to identify

additional OHCA casegurther adding to the data completeness in this study.

Paper Il & Il

Thepapers hve several limitations that need to be addressed: The number of AEDs that were used during
OHCA, but not transported to the AEE2ntre for analysis, is unknown. We may speculate that the EMS

staff would feel more inclined to delivarused AEDfor analysis as a part of the-frospital treatmenif the
resuscitation efforts were successful, which would give rise to selectioMfgado not know the number of
used AEDs not brought to the AEE2ntre. However, in the event of AED deployment, the EMDC

required to inform both the AEDentre and EMS staff to ensure transportation to the-Aé&iidre, which

should limit this issu&hen evaluating the number of registered AEDs per location type, we did not account
for multiple AEDs registered at the saadres®r the potential number of unregistered AEBsr

example, large, public educational facilit{esg. universitiespr large corporate buildings could use the
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same address for registering multiple AEDs. The extent of registering multiple AE@ssaintie address

and its impact is unknown.

Distance calculations may have been underestimated, as Google Maps does not take into account vertical
spatial changes in the terrain, when calculating walking distaNe@ber did we account for vertical

distanes in multiple dwelling house®/hen evaluating the number of AEDs that were used from each
location, the calculatiorsssume that unregistered AEDs are dispersed in the same way as registered AEDs
in the community, however, this @sounknown.The numbeof AEDs reaching the emergency site
simultaneously with EMS is unknown. Finally, both studies are observational, which means that the results
may imply associatiaand not causative effecthe results are therefore hypothesis generating and should

befurther investigated.

The AED data used ipaper Il & Il were prospectively collected duritige entire study period. When the
idea for the two papers emerged in 2017, it helped to increadettdikextensivenedsr both studies
Furthermorepaper Il is the first to evaluate actual-eoute distances between OHCA site and AED
location, and t@ssess redife coverageof AEDs placedn different types of locationg\n additional

strength that further added to data completenesshegsossibility to ansslink AEDs from the AEDcentre

to those registered at the national ABBtwork, which helped gain information regarding AEDs that would

otherwisehave remained unidentified.

CONCLUSION

Using a mobile phone GP§stem to locate and dispatch VFRs on a rural island resulted in high response
rates, and demonstrated that a \Wk&s able to arriveefore EMS in four out of fiveasesFurthermore,

VFR response times were significantly shortert EMS respnse times, and 3@ay survivaliin patients

with OHCA in residential and publidgres wabetter than expectembmparedo survival in other OHCA

studies.
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The relative use of AEDs placed in public places, nursing homes, sport facilitiesadtihdchirics was high
and the relative use of AEDs placed in residential areas, company/workplaces and institutions was low,
comparedvith the number of ragtered AEDs at these locatiori3uring residentiaDHCAS, an AED was
most often collected from a plic place. The coverage distance of AHDsatedin public places and

residential areawas longer than proposed in current literature.

Survival after OHCA where an AED was used in densely, moderately and thinly populated areagelas
compaable. Firally, in a multivariabé regression analysis, AED retrieval distance was associated with

reduced survivahfter OHCA

PERSPECTIVES

However challenging the conditions may seem for improving bystander defibrillation and AED use
especiallyin residential and rural areas, even a small increase may have a great impact in absolute numbers
due to thehigher incidences in these areakerting VFRs for providing BLS during OHCA has been
implemented in many communities. While bystander CPR afiloritlation have ardefinite effect on

survival afterOHCA, thebenefitsof using VFRs are less cle&o far, only one randomized trial has
investigated the use of VFRs provideCPR before EMS arrivdB5). The study, however, was not designed
to evaluate the effecn survivalafterOHCA, and with the wide dissemination of differetért systems
across communities, it is difficult to imagine thia¢ effects of VFRs to improve survival after OHCA can be
evaluated in a randomized setting. The mounting evidensa\ofal benefits whemroviding CPR and
defibrillation before EMS arrival may give rise to ethical dilemmntdswever, by not testingFR+EMS
responses.the standard EM8&sponse, it will be difficult to evaluate which alert system, VFR training
level, nunber of alerted VFRs should be used to optimize prehospital cardiac arrest treatmdbatv the
ruralurban settings affect VFR respons€snclusively, itmaybe impossible to evaluate which alert system
is themostfeasible Also, if VFRsare able tancrease survival rategter OHCA it must be investigated

whether or not theesurvivors are neurologically inta¢turthermore, the human factor must be considered.
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Due toincreasingoublic awareness and societal expectation that ordinary citizens rapgbistard and
provide treatmends early as possible, or even become trained VFRs as a part of the EMDC response
citizengVFRscould potentially facencomprehensibleonsequences themselvEager citizens and VFRs
could risk being injured or become involved in accidents themsatwasbefore reaching the emergency
site, orrisk suffering fromsevere psychologic#laumaafter resuscitatioefforts that were unsuccessflilis
therefore imprtant to weigh the human aspects of usitigenst/FRs against the potential survival

benefitswhen using notnealthcare professionals to treat cardiac arrest.

The large AED dissemination across communitiesidspendentlyoeenassociated witlan incease in

bystander defibrillation and improved outcomes after OHCA. Kitamura et al showed that when the density of
AEDs increased from 1 AED per Ko 4 AED per kr, it was associated with a four times higher survival

with good neurological outcon{88). However, the overall rate of bystander defibrillation was less than

10% in this study38), consistent with the findings in other OHCA studies, which calls for new strategies for
optimizing the conditions for bystander defibrillatidtaper || demonstrated that the AED coverage areas in
public places and residential ageare more than 2 to 5 times higher, respectively, than thmdieds

proposed in current literature aedrlierguidelinesThis calls forfurther researcto examine whether these
findings can be confirmedy other research groupss they maymply arevision in current literature and

future guidelinegor AED placemenstrategiesSome studies have advocatedmathematical optimization

of AED placement in urban centdf3, 105, 108)The authorsisedprediction models identifyingreas,

where AEDs weracarceandwhere AED placemertould potentially beneflOHCA patients, which could

be a costly approachlowever,by using a novel relocation approadierney and cdéaguesvaluated a

large mixed ruralirban aregand found that the AEBelocation modetould potentiallyincrease AED

coverage irbothresidential and rural areaandat the same timmarkedly reduce retrieval distanahging

OHCA (109). Though many factors both spatial and negpatiali affect AED use, perhaps the next efforts

for nationwide strategies would be to redte existing registered AERsd extent the use of VFREhe

|l atter is already under way wmhobile phone applibatiom forsrdcruifing y g f o

VFRs After all, AED registration for PAD purposes implies a wish to leelpitizensduring life-
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threatening illness, and a more extensive national collaboration between AED vendors, private and corporate

AED owners and the Danish AEfetwork could be the néstep taradicallyimprove this field.
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English summary

Out-of-hospital cardiac arre§DHCA) is one of thdeading causeof death, affectinginnuallya 500

peoplein Denmark. Early cardiopulmonary resuscitation (CPR) and defibrillation by an autoemteedhl
defibrillator (AED) can markedly increase survivahd an increasing a number of communities have started
using volunteer first responders (VFRS) to reduce time to CPR and defibrilBspite increases in

bystander CPRiefibrillation rateshave remained low @5 %, and survival after OHC

The aims opaper Iwas to evaluate response rateS8fSactivated VFRs and compamesponse times of
VFRs with the emergency medical service (EMS). Als@gvaluate survival after OHC#hen usng GPS
activated VFRs on a rural islanid paper 1l & lll the aims were 1) to evaluate relative use of AEDs placed
at different locationiypes 2) to evaluatéhe extentof AEDs transported from one location type to another,
3) to assess AED coveraffem differentlocation typs, 4) to compare survival after OHCA where an AED
was used in densely, moderately and thinly populated areas, and 5) to evaluate the associatio\BE&twe

retrieval distance and survival after OHCA.

Methods & Results

Paper I: During 20122017, a GPSsystem wasisedto activate VFRsluring emergency calbn a rural
island Response times from VFRs and EMS were collected and compared. Informatio®EHiAg was
collectedfrom EMS and hospital recordEhe GPSsystem was activatedliring2,774 emergency calls, and
at least one VFRirrivedin 2,662 ofcases (96%)Response times for VFRs and EMS were 4:46 min:sec
(IQR 3:166:52) and 10:13 min:sec (6:418:41), respectively(P<0.0001). In 2,266 cases (85%) a VFR
arrived first to the emergency site. A total of BRICAs were identified, witl®5 occuring in residential

aread andl17 inpublic place. Survival in the two groups web% and 24%xespectively.

Paper Il & lll: From20142018 a centralAED-centercollectedAEDs used during OHCA in the region of
Southern DenmarlRatients with a known OHCA site were includedpaper 11l OHCAs in nursing homes

were excludedInformation regarding registered AEDs was obtained from the nationalvsg3try.
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Location of OHCA and AED wasategorized into residentiatea public place, nursing home,
company/workplace, institution, health clinic and sport facility evaluate populationetisity, a map with
1000x1000 meter grid cells was used with each cell @ytaded according to the number of inhabitants.
Densely, moderately and thinly pdpat ed ar eas w eénhabitamtse ZADMirhabitaatsandd2 0 0
19 inhabitants per ktnregectively. Primary outcome was-8@y survivalln paper Il, a total of 509
OHCAswere included. The relative AED use was high in public places, nursing homes, health clinics and
sports facilitiesand low inresidential areas, companies/workplaces and institutizunsng residential

OHCAs, 39%0f AEDswerecollected from public plass. AED coverage distance wad02geters(IQR 5

550) for AEDs placed in public places aitb meterg(IQR 1361300)for AEDsin residential areas. In

paper Ill, 423 OHCAs were included, of whig9% occurred in densely polated areas, while 18% and
33%ocaurred in moderately and thinly populated areas, respectively. Median AED retrieval distances were
105meterqIQR 5450), 220meterg(IQR 5450) and 350netergIQR 51500) in densely, moderately and
thinly populated areas (p<0.001), andd survival inthe three groups were 40%il% and 34%
respectively(P=0.3).In a multivariable regression analydiserisk of death increased 10% for evei®0

meters an AED was placed further away from the cardiac arrest site.

Conclusion

A GPSsystem can effectivelgctivate VFRsand significantly reduce response times compared with EMS.
Using the GPSystem o a rural island, survival wdeund to behigherthan expecteth both residential

and public placesompared to othdDHCA studies Relative to theaumber of registered AEDs per location
type, AED use was high from public places, nursing homes, sport facilities and health clinics. During
residential OHCAs, AEDs were most frequently collected from public places. The AED coverage in public
places ad residential areas wdato 5 timeshigher than expectesihd proposeih current literatureSurvival

after OHCAwhere an AED was usenas largely comparable in densely, moderately and thinly populated

areas, however, AED retrieval distance was associatbd@dticed survival aftédHCA.
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Dansk resumé

Hjertestop uden for hospital en afde hyppigstedgdsarsager, der arligt rame r 00D hennesker i
Danmark. Tidlighjertelungeredning (HLR)g defibrillering med ehjertestarter elleenautomatiseret
eksten defibrillator (AED) karmarkant gge overlevelsen. Igtigende antdhndeer man begyndt at
anvenddrivillige farstehjeelpere (FF) i forsgg @ givehurtig HLR og defibrillere inden ambulancens
ankomstMan anbefalgrat AED'erplaceres pa offentlige steder madnge forbipasserendea trods af
stigninger iandeén, som faHLR, erantallet som defibrillerefortsat lav (ca5%), og overlevelse efter
hjertestopuden for hospitagr blot 10%. Formalet medrtikel 1 var at evaluee reponsrater for GPS
aktiverede Flere, at sammenl i gne FF 0 e rrespoanstidepsamnagvaluedeer med a
overlevelse eftehjertestopa offentlige steder oigprivate hjem 1 Artikel 2 og 3varformalene 1) at
evalueredenrelative anvendelse af AED'er placeret pa forskellip&alisationer 2) at evalueremfanget af
AED'er, somtransporteres fra dokalisationtil en anden, 3) at vurdere AE@sekningfra forskellige
lokalisationer 4) at sammenligne overlevelstter hjertestopden for hospitalhvor der anvendes AED i
taet, moderat og tynéfolkede omrader, og 5) at evaluassociationemellemafstand tildenAED, som

blev anvendtpg overlevelse eftdijertestopuden for hospal.

Metode og resultater

Artikel 1: | arene 20122017 blev et GPSystem brugttiht akti vere FFOéemre p- en t
Responstider for FFb0ere o0og ambul ance blev systema
hjertestopuden for hospitablev indhentet fra ambulanceg sygehusjournaler. GRBystemet bhe aktiveret

i 2,774 tilfeelde af 1-2nedb pk al d, og mindst ®&n FF6er ankom til s
Responstider for FF'ere egnbulancesar henholdsvis 4:46 misek(IQR 3:16-6: 52) og 10:13 misek (6:

14-13: 41) (P <0,0001). | 2,266 tilfeelde (85%) ankom en FF til skads=$mdambulancen. | afandt der82
hjertestopsted hvoraf 65 skete i private hjem og 17 pa offentlige steder. Overlevelse i de to grupper var
henhotlsvis 15% og 24%Artikel 2 og 3 Fra 20142018 modtoget centraltAED-centeralle AED'er, som

havde veeret anvended hjertestopiden for hospital Region Syddanmark. Patienter nieshdtskadested
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blev inkluderet. Artikel 3 blev hjertestoppa plejehjenekskluderetOplysninger om registreredeéED'er

blev hentet franjertestartemnetvaerketSkadested for hjertestay placering afAED'er blev kategoriseret
som fglger: Privat hjemgffentligt sted, plejehjem, virksomhedbejdsplads, institign, sundhedsklinik og
sportsfacilitet. Foat evaluere befolkningsteetretpa skadesteddblev der anvendt et kort med 1000x1000
meter gittercellerhvor hver cek blev farvelagefter antal indbyggereset, moderat og tyndbefolkede
omraderblevdefier et s om h e n-h9®dgd $Nndbyggede2phl K Prin2adde outcomear 30
dages overlevelse Artikel 2 blev i alt 509personer med hjertestagkluderet. Den relative AED
anvendelse fraffentlige steder, plejehjem, sundhedsklinikker og sportsfacilietehgj, mens anvendelsen
fra private hjem, virksomhedearbejdspladser og institutionear lav. Ved hjertestop i private hjem blev
39% afAED'er hentet fra offentlige stedddaekningststanden for en AEDvar 29 meters(IQR 5-550) pa
offentlige steder og 57meters(IQR 1331300) forAED'er placeretved private hjeml Artikel 3 blev 423
hjertestop inkluderetHeraf forekom49% i teetbefolkede omrader, mens 18% og 3&84t sted

henhotisvis moderatog tyndbefolkede omradeAfstanden fra skadested til AB&r 105meters(IQR 5
450), 220metergIQR 5-450) og 350neters(IQR 5-1500) i taet, moderat og tyndbefolkede omrader (P
<0,001) og 3@dages overlevelse i de tre grupper var 48%5 og 34% (P = 0,3). | en multivariabel
regressionsanalysagedesnortalitetsisikoen med 10% per 100 meter en AED var placeret veek fra

skadestedet

Konklusion

Et GPSsystemkanef kt i vt akti ver e F& ogenrakantpeducererespoystidertfop e f ol k
FFbere sammenlignet med ambul anceresponstider. Ov
offentlige stede pa gen var betydehgjere end forventet, samnlignet med overlevelserignende

tidligere studier. Den relative anvendelse AED'er fra offentlige steder, plejehjem, sportsfaciliteter og
sundhedsklinikker var hgj, og den relative anvendeléd=arfer fra private hjem,

virksomheder/arbejdspladser og institutioner var lav, set i forhold tilletraéitegistreredéAED'er pa

lokalisationerne. ¥d hjertestop i private hjem blev en AED oftest hentegtfiafentligt sted. Overlevelsen

efter hjertestop, hvor der blev anvendt AED, itasioderat og tyndtbefolkede omrader, var
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sammenlignelig. Dog var standen fra skadested til en AED associeret med lavere overlevelse efter

hjertestop.
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Abstract

Aim: To evaluate response rates for volunteer first responders (VFRs) activated by use of a s martphone GPS-tracking system and to compare response
times of VF Rs with those of emergency medical services (EMS). Furthermore, to evaluate 30-day-survival after out-of-hospital cardiac arrest (OHCA) on
a rural island.

Methods: Since 2012 a GPS-tracking system has been used on a rural island to activate VFRs during all emergency calls requesting an EMS. When
activated, three VFRs were recruited and given distinct roles, including collection of the nearest automatic extemal defibrillator (AED). We
retrospectively investigated EMS response data from April 2012 to December 2017. These were matched with VFR response times from the GPS-
tracking system. The 30-day survival in OHCA patients was also assessed.

Results: In 2266 of 2662 emergency calls (85%) at least one VFR arrived to the site before EMS. Median response times for VFRs (n= 2662) was 4:46
min:sec (IQR 3:16—6:52) compared with 10:13 min:sec (6:14—13:41) for EMS (p < 0.0001). A total of 17 OHCAs took place in publiclocations and 65 in
residential areas. Thirty-day survival in these were 24% and 15%, respectively.

Conclusion: Use of a smartphone GPS-tracking system todispatch VFRs ensures that in more than four of five cases, a VFR arrives to the site before
EMS. Response times for VFRs were also found to be lower than EMS response times. Finally, the 30-day survival of OHCA patients in a rural area,
based on these results, surpass our expectations.

Keywords : First responder, Volunteer, Automated external defibrillator, AED, Smartphone, App, Application, Cardiopulmonary resuscitation, Out-of-
hospital cardiac arrest, OHCA, Bystander, GPS, Survival

increased awareness and early action during cardiac arrest, which

Introduction may have contributed to the substantial increase in bystander

cardiopulmonary resuscitation (CPR).>* Also, the number of onsite
Out-of-hospital cardiac arrest (OHCA) is a leading cause of sudden available automated external defibrillators (AEDs) has grown and a
death in industrialized countries.” In Denmark, public initiatives have national volunteer-based AED-network has been created to increase
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AED usage.”* Still, survival remains low atabout 10% after OHCA.*5¢
In previous studies, bystander defibrillation before the arrival of the
emergency medical service (EMS) has shown to increase survivalupto
74%,” 7 but these studies were performed in selected high-risk public
areas, making it difficult to extrapolate to real-life settings. Further,
about three-quarters of OHCAs occur in residential areas,”'° where
CPR performance, defibrillation and survival are markedly lower
compared with OHCAs in public areas.”” Recently, studies have
examined the use of GPS or text-message based systems to alert
volunteerfirstresponders (VFRs)'® '* during suspectedcardiacarrest.
These studies, however, did not measure the number of on-site VFRs,
response-times, nor did they demonstrate prognostic effects of the
systems used. In 2012, on the island of Langeland, Denmark, a
smartphone application was developed, which used global positioning
system (GPS) to locate and dispatch VFRs to emergency sites along
with standard EMS response. In each emergency call the selected
VFRs were given one of three different tasks.

In this study we aim to investigate the response rates and response
times for trained VFRs compared to EMS when using a smartphone
GPS-tracking system on a rural island. Our secondary aim is to
evaluate the 30-day survival after OHCA.

Methods

Settings and study design

This is a retrospective study conducted on the island of Langeland,
Denmark. Langeland covers approximately 291 km? (about 60km
long and 10km at the widest point) and has a population of about
12,000 of which cne-third live in the city of Rudkebing. During summer
months the population grows substantially.® Rudkebing has an EMS
station withan ambulance and a paramedic in a non-transporting EMS
vehicle. Langeland has no local hospitals, but is bridge-connected to
Funen, where there are two hospitals that both have cardiac care units
and one has invasive cardiac facilities.

Emergency medical dispatch centre and AED network

In Denmark, if the emergency medical dispatch centre receives a call
and suspects cardiac arrest, the health care professional follows a
standardized national protocel to phone-assist the bystander in
performing CPR. Also, a two-tiered EMS systemis activated following
the dispatch of an ambulance and a physician-manned vehicle. On
Langeland, a paramedic is always activated when cardiac arrest is
suspected.

GPS system and volunteer first responders

The VFRs in this study are citizens that undergo a European
Resuscitation Council (ERC)-certified basic life support (BLS) course
and a course in emergency first aid. Afterwards they undergo yearly
mandatory training to renew their certificates. When the course is
completed, the individual VFR downloads a smartphone application
(FirstAED), which must be manually activated, when the VFR is
available for dispatch.

The GPS-tracking system was introduced in April 2012. On
Langeland, the system is activated during all emergency calls, where
an EMS is requested. Activation is followed by GPS localization and
alert of the nine closest VFRs within 5000 m of the emergency site,
who may choose to accept or reject the call. Of all VFRs acceptingthe
call, three are selected based on their location and the placement of

the nearest AED. Each ofthe VFRs is given a distinct role, of which one
of the responders is guided to the nearest AED before approaching the
emergency site. The AEDs are placed in heated cabinets and when
GPS-activated, the cabinet turns on a blue flashlight and a siren alarm.
Information about AED location and availability is retrieved through
the nationwide AED-network (www.hjertestarter.dk). The other two
VFRs must immediately rush to the etar’( CPR,
assist the EMS staff, comfort bystanders etc. Fig. shows the
activation of the GPS-tracking system.

Variables of interest

The main outcome variables of interest are response rates and

response times for VFRs vs. EMS. The secondary outcome is 30-day

survival after OHCA in residential areas and on public locations.
Covariates of interest are location, bystander CPR, first

documented rhythm, VFR arriving with AED before EMS, bystand-

er/NVFR/EMS defibrillation and Cerebral Performance Category score.

Study population

The OHCA study population includes EMS-treated OHCAs that
occurred on Langeland from 21st of April 2012 until 31th of December
2017. Location of cardiac arrest was defined according to the Utstein-
style recommended guidelines."®

Patients with obvious late signs of death, non-OHCAs and OHCA
due to non-medical causes (suicide, trauma, accidents etc.) were
excluded.'® Also, patients with OHCAs occurring in nursing homes
were excluded. Cardiac and non-cardiac causes of cardiac arrest
were defined according to the 2015 updated Utstein guidelines.’”

Data collection

Data was collected following the Utstein-recommendations for
reporting resuscitation outcomes.’® Information about the response
times of EMS and VFRs was collected from the emergency medical
dispatch centre in the Region of Southern Denmark.

From April 2012 to September 2015 patient data retrieved by EMS
personnel was filled out on paper reports, which were systematically
screened to identify OHCAs. From September 2015 EMS information
was filled out and stored electronically (Elektronisk Patient Journal),
and therefore all journals reporting problems involving airways/
breathing/circulation were screened along with those reporting cerebral
derangement (unconsciousness, epileptic seizures etc.). To cross-
check for missing OHCAs, the medical dispatch centre in the Region of
Southern Denmark provided a data extraction on all patients that
had any information written in the field “Cardiac Arrest’. Information
about in-hospital treatment and survival was retrieved from hospital
records using each patient's unique personal identification number."®

Statistics

The categorical variables will be presented as frequencies and
percentages. Comparison between categorical groups will be
performed using the Pearson's chi-square test or Fisher's exact test,
depending on sample size. Continuous variables, e.g. response
times, will be visually inspected for normal distribution and displayed
using mean (+standard deviations), and in group comparisons
Student's t-test or a one-way analysis of variance (ANOVA) will
be used, depending on the number of independent groups in the
comparison. If more than one VFR arrives atthe emergency site, the
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Fig. 1-Showshowthe global positioning system activates nine volunteerfirst responders (VFRs) and dispatched three
VFRs based on their geographical location. The EMS is dispatched simultaneously (not portrayed).

shortest response time will be used. This also applies if more than one
EMS arrives to the emergency site. To describe non-normally
distributed continuous wvariables, medians with 25th and 75th
percentiles will be presented. To perform group comparisons between
non-normally distributed variables, the non-parametric Mann Whitney
U-test and Kruskall-Wallis test will be used in cases of two or more
group comparisons, respectively. The statistical significance level is
5%. Analysis will be performed by use of STATA wversion 15
(StataCorp LP, College Station, Texas).

Ethics and data protection

The study was approved by The Danish Data Protection Agency (Journal
no. 17/32047) and the Danish Patient Safety Authority under the
administration of Danish Health Authority (no. 3-3013-2848/1, ref. LOSC).
In Denmark, ethical approval is not necessary for this type of study.

Results

In 2012, 185 citizens of Langeland were registered as VFRs; in
2017 this number had slightly decreased to 170. During the 5'k-year
inclusion period, 96 AEDs were registered on Langeland.'®

The GPS-tracking system was activated in 2774 emergency calls
(Fig. 2). In 101 calls (4%) none of the VFRs responded. In 2662 calls
(96%) atleastone VFR arrived to the emergency site, andin 2266 of these
(85%), the VFR arrived before the EMS. In 1745 of 2662 cases (66%) the
VFR brought an AED tothe emergency site before EMS arrival (Fig. 2).In

nearly two-thirds of the 2662 emergency calls, all three VFRs arrived to
the emergency site (n=1648, 62%) (Supplementary Appendix [).

The median response time for all VFRs (n=2662) was 4 min and
46s (Table 1). The response time for VFRs bringing an AED to the
emergency site (n=2380) was 6min and 21s. In comparison, the
response time for EMS (n=2763) was 10 min and 13s, which was
significantly higher compared with both VFR groups (P < 0.0001)
(Table 1).

We identified 243 patients with presumed OHCA (Fig. 3), and
further assessment revealed that 112 were true OHCAs. Of these,
65 OHCAs occurred in residential areas (58%) and 17 OHCAs
occurred in public areas (15%). Thirty patients were excluded as they
were located in nursing homes or had unknown/imprecise location of
cardiac arrest (Fig. 3). Table 2 shows the demographic and survival
data concerning the 82 patients of relevance. The two groups were
comparable in age, sex distribution and cardiac disease. Comorbidity
occurred more frequently in patients from residential areas than in
those from public areas.

Thirty-day survival in OHCA patients from residential areas was
15% (10 of 65) vs. 24% (4 of 17) in OHCA patients from public areas
(p=0.47) (Table 2).

Discussion

In this retrospective study, we found that a smartphone GFS-tracking
systemthatlocates and activates VFRs results in a 96% response rate
and significantly reduces VFR response times compared to response
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Fig. 2 - Flow-chart showing the number of emergency calls with activation of volunteer first responders (VFR). EMS:

Emergency medical service. * 2380 brought an AED.

Table 1 - Response times for the volunteer first
responders (VFR) compared with emergency medical
service (EMS). AED: automated external defibrillator.
IQR: interquartile range.

Time (min:sec), P value
median (IQR)

EMS (N=2763) 10:13 Ref
(6:14—13:41)

All VFRs (N=2662) 4:46 <0.0001
(3:16—6:52)

All VFRs with an AED (N=2380) 621 <0.0001
(4:29—8:49)

VFR with AED on site before 4:32 <0.0001

EMS (N=1745) (3:07—6:21)

times for EMS. In more than four of five cases a VFR arrives to the
emergency site before the arrival of the EMS. Our observations may
suggest that the 30-day survival was higher in both residential and
public areas, in comparison with the results reported in earlier OHCA
studies.

In Denmark, bystander CPR has increased substantially, probably
due to large-scale public initiatives in promoting BLS training and
increased awareness conceming early action during cardiac arrest.**
Bystander defibrillation, on the other hand, mainly takes place at public
cardiac amests, and defibrillation in residential areas occurs in less than
5% in most register studies.”'*" Recent studies have evaluated the use

of different mobile devices to activate citizens and health professionals
and facilitate early BLS in cases of presumed OHCA. In a randomized
controlled trial, Ringh et al found that 65% of VFRs within a 500m
diameter accepted the emergency call and 59 % of these arrived before
EMS, which lead to a significant increase in bystander CPR.”® In an
observational study, Caputo et al found that using a mobile application to
activate VFR increased the response rate up to 70 % compared to 15%
using a text-message activating system.*" In contrast, a survey among
VFRs using the PulsePoint system reported that 23% responded to the
notification but only 11% amived at the scene.® In our study a 96%
response rate was found, and in most of these (85%) the VFR amived
before the EMS. The reasons forthe large variationin VFRresponse rates
observed in different studies are unknown. However, we may speculate
that different levels of education and training could result in varying
commitment among VVFRs; as in this study, the first two studies required
updated ERC-certification in BLS with annual mandatory cerificate
renewal, "*2" which was not the case in the latier study.> Also, response
rates may vary due to differences in the geographical location and
the degree of urbanization in the different studies. Perhaps, in ruralareas
a stronger feeling of commitment among the local citizens to join a VFR
network exists, because AEDs are less common and EMS response
times are longer than in densely populated areas.

The number of dispatched VFRs in earlier studies varies markedly.
In three different studies,’”* " VFRs within 500-1000m of the
emergency site were activated. This may be suitable in an urban
setting with a high population density. However, it may be difficult to
recruit VFRs in a rural area, with longer distances to the nearest
available EMS, which may also require that VFRs use transport
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Fig. 3 - Flow-chart showing the inclusion-exclusion process in identifying out-of-hospital cardiac arrest (OHCA).

vehicles to reach the emergency site. This issue has been addressed
by Auricchio et al, where VFRs covered a median distance of 1196 m
to reach the emergency sites.>® The VFRs travelled with an average
speed of 24 km/h, suggesting the usage of motorized vehicles. The
study, however, reported a 100% response rate among eligible VFRs,
which has been yet unseen. Also, the studycould not describethe alert
strategy in selecting VFRs to either locate the nearest AED or to reach
the site immediately, nor could they describe the number of AEDs
arriving to the site before EMS. The island of Langeland consists
mainly of rural countryside, and to reach a wider VFR and AED
coverage, the smartphone GPS-tracking system in this study used a
5000 m radius. This did not appear to reduce VFR response rates in
this study, where at least two of three VFRs responded to the
emergency call in the majority of emergency calls (Supplementary
Appendix 1). Moreover, only three VFRs were dispatched per
emergency call, which is a relatively low number compared to other
studies,’® "*2*25 but neither this appeared to affect the response
rates among VFRs (Supplementary Appendix ). Perhaps, this is an
important consideration in the efforts to optimize the response rate for
VFRs. If a high number of VFRs arrive to the emergency site only to
find that other VFRs are already present, they may feel demotivated
and become less eager to accept future calls. Of course, this is
speculative, but should perhaps be a concern when designing future
studies in this field.

Sofar, only one study has compared VFR response times with the
conventional EMS response times.** Berglund et al used a
smartphone application to activate CPR-trained lay volunteers in all
cases of suspected OHCA. A significant reduction in response time
(6:17 min for first arriving responder versus 9:36 min for EMS) was
found. However, the study only covered greater Stockholm and was

not active duringnight hours.“* This issue is of majorimportance when
evaluating the actual reduction in time to CPR and defibrillation. Itis
well established that survival after OHCA is extremely time-sensitive,
and the minute-to-minute mortality risk until defibrillation can be
reduced to 3—4 % per minute with early CPR.?® In the present study,
we demonstrate that the GPS-tracking system has the potential to
increase rates of bystander CPR as well as to reduce the time to CPR
in OHCA patients, which ultimately may lead to improved survival.
Cardiac arrest in residential areas comprises three-quarters of
OHCAs in most studies.® " Yet, survival in these patients remains low
compared to cardiac arrest in public areas. The reasons for the
discrepancy is multifactorial; cardiac arrestin residential areasare more
frequently unwitnessed, have lower rates of bystander CPR, the
population is older with more comorbidity and has more often non-
shockable rhythm.®'" Also, the number of available on-site AEDs is
skewedinfavourof public locations 2, which further complicate AED use
in residential areas. A study by Hansen et al demonstrated a higher
frequency of shockable first rhythm from AED datacompared with EMS
data,”” perhaps due to shorter time from collapse to rhythm analysis. In
the study by Zijlstra et al, a text-message based alert system resulted in
a reduction in time to defibrillation in residential areas, compared with
defibrillation by conventional EMS personnel.’® However, the number
of VFRs actually reaching the site was unknown and the study did not
evaluate the prognostic impact.'® In 2014, only 0.8% of residential
OHCAs in Denmark underwent bystander defibrillation,'® which, in this
study took place in 13% of OHCAs in private homes. Also, we
demonstrated an increase in 30-day survival after OHCA in both
residential and public areas, with a combined survival of 17% (14 out of
82 patients), which is markedly highercompared to other studies in this
field.'®2%? |t remains uncertain whether these findings is a direct effect :
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Table 2 - Demographic and survival results for
patients with out-of-hospital cardiac arrest in
residential areas and public areas.

Residential Public area
area
(N=65) (N=17)
Age, median (IQR) 70 (63—82) 71 (59-77)
Male sex, no. (%) 46 (71) 13/16 (81)
Cardiac cause, no. (%) 51(78) 16 (94)
Witnessed, no. (%) 32/64 (50) 11 (65)
Bystander CPR, no. (%) 53 (82) 17 (100)
Shockable first rhythm, 11/64 (17) 3(18)
no. (%)
Defibrillation before EMS, 8/62 (13) 4/16 (25)
no. (%)
Defibrillation by EMS, no. (%) 12 (18) 3(18)
VFR activated, no. (%) 54 (83) 16 (94)
VFR arrives before EMS, 43 (80) 14 (88)
no. (%)
VFR with AED arrives before 36 (67) 11 (69)
EMS, no. (%)
Response time, min:sec 5:13 (3:44-6:29) 4:31 (2:39-8:29)
Pre-arrest comorbidity,
no. (%)
Ischaemic heart disease 11/59 (19) 113 (8)
Diabetes 11/59 (19) 213 (15)
Hypertension 29/58 (50) 4/13 (31)
Ejection fraction <45% 10/59 (17) 012 (0)
Chronic obstructive pulmonary  22/58 (37) 0/12 (D)
Disease
Chronic kidney disease 3/59 (5) 0/12(0)
Prior stroke 7/59 (12) 012 (0)
Psychiatric disease 8/57 (14) 112 (8)
Active cancer 6/59 (10) 012 (0)
ROSC at hospital arrival, 20 (31) 5(29)
no. (%)
Alive at 30 days, no. (%) 10 (15) 4 (24)
Cerebral Performance Category 9/10 (90) 4(100)
Score 1-2 at
discharge after OHCA,
no. (%)

CPR: cardiopulmonary resuscitation. EMS: emergency medical service.
1QR: Interquartile range. ROSC: retum of spontaneous circulation. VFR:
volunteer first responder.

of the VFR efforts, however, the rapid VFR response rates and
response times combined with early AED use may be favourable for
opting early BLS and creating better survival outcomes.

Strengths and limitations

A A strength of this study is the use of a well-established national AED-
register that provides VFRs with updated information taking into
account the specific availability of AEDs in the nearby area.®® It is also
novel for being the first to provide VFRs with distinct roles, which
strengthens team structure during emergency calls. Unlike other
studies in this field our study is not register-based, and is characterized
by the thorough case ascertainment to identify OHCA subjects in the
inclusion period. Also, we cross-checked OHCA data by extracting
information from the dispatchcentre in the Regionof Southern Denmark
and thereby identified further two missing OHCA subjects. The civil
registration system used in Denmark provides a unique opportunity to
identify and collect patient data by matching them across different

electronic systems, adding even further to data completion in this
study. '® However, the study has several limitations. It is a single-centre
study conducted retrospectively withasmallnumberof OHCAs, andthe
study is not designed to evaluate causality between the smartphone
GPS-tracking system used and its impact on survival after cardiac
arrest. Also, this study has a 51f2-year inclusion period, and we cannot
account for an expected time-dependent rise in 30-day survival after
cardiac arrest; there may have been additional citizen BLS training
programs and other public initiatives, as well as improvements in
prehospital and in-hospital advanced treatment that may have
influenced the increase in 30-day survival. This remains speculative.

Conclusion

In this retrospective study, we found that the use of a smartphone
GPS-tracking system to alert and dispatch trained VFRs during
emergency calls results in a high VFR response rate and significantly
reduces response times for VFRs compared to EMS response times.
In more than four out offive cases, aVFR arrived to the emergency site
before EMS. Finally, our results show a trend towards improved 30-
day survival in OHCA patients, however; this calls for further causal
research in this field.
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Appendix I VFR arriving at site
(N=2662)

One VFR, no. (%) 294 (11)

Two VFRs, no. (%) 720 (27)

Three VFRs, no. (%) 1648 (62)

AED: automated external defibrillator. IQR: interquartile

range.

Appendix I: Number of volunteer first responders (VFRs)
arriving at the emergency site. AED: automated external
defibrillator. IQR: interquartile range.
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Abstract

Aims: Toevaluate 1) the relative use of automated external defibrillators (AEDs) at different types of AED locations 2) the percentage of AEDs crossing
location types during OHCA before use 3) the AED coverage distance at different types of AED locations, and 4) the 30-day-survival in different
subgroups.

Methods: From 2014—2018, AEDs used by bystanders during out-of-hospital cardiac arrest (OHCA) in the Region of Southern Denmark were
collected. Data regarding registered AEDs was retrieved from the national AED-network. The OHCA site and AED placement was categorized into; 1)
Residential; 2) Public; 3) Nursing home, 4) Company/workplace; 5) Institution; 6) Health clinic and 7) Sports facility/recreational. To evaluate 30-day-
survival, groups 4—7 were pooled into one Mixed group.

Results: In total 509 OHCAs were included. There was high relative usage of AEDs from public places, nursing homes, health clinics and sports
facilities, and low relative usage from companies/workplaces, residential areas and institutions. Of AEDs used during residential OHCAs 39% were
collected from public places. AEDs placed in residential areas and public places had a coverage of 575m (IQR 130—1300) and 270 m (IQR5-550),
respectively. Thirty-day- survival in public, residential and mixed groups were 49%, 14% and 67 %, respectively.

Conclusion: The relative use of AEDs from public places, nursing homes, sports facilities and health clinics was high, and AEDs used during OHCA in
residential areas were mostfrequently collected from public places. AEDs placed in both residential areas and public places may have awider coverage
area than proposed in current literature.
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Introduction

Cardiac arrest means abrupt cessation of cardiac activity and will
inevitably lead to death if not treated immediately. Out of-hospital
cardiac arrest (OHCA) is a major public health concern and annually
strikes approximately 700,000 people in Northern America and
Europe combined.! Early cardiopulmonary resuscitation (CPR) and
defibrillation within the first minutes with an automated external
defibrillator (AED) may increase survival to more than 50%.%° In
recent years, AEDs have gained widespread dissemination in many
communities*® and in Denmark several national initiatives have
been undertaken to increase bystander AED use, including the
establishment of a national AED-network.® Bystander defibrillation,
however, remains low ranging from 1 to 5%.° ? Prior studies have
indicated that to increase AED use, AEDs must be placed in close
proximity to the site of cardiac arrest,” ' they must be available at
all imes'® '? and bystanders must be aware of AED locations and
be willing to use them.'® Also, the most optimal AED placement
appears to be in public places with high pedestrian traffic.’® "¢
Indeed, AEDs are recommended to be placed in public places with
high likelihood of OHCA that can be reached within 1—1.5 minutes of
brisk walking or approximately 100 m."> " However, international
recommendations regarding specific AED placement are scarce,
resulting in unguided AED placement in most cases.®”"® So far,
AED use from specific locations remains largely unknown. Also,
data addressing the actual distances AEDs are carried to OHCA
sites is limited, making it difficult to assess the coverage of AEDs
placed at different locations.

The aim of this study was three-fold: 1) to assess the relative use of
AEDs placed atdifferent types of locations; 2) toassess whether AEDs
are carried across differentlocation types before they are used; and 3)
to assess the AED coverage distances at different AED locations.

Methods
Settings and study design

This is a retrospective cohort study with prospectively collected data
from AEDs used by bystanders in the Region of Southern Denmark
from January 1st 2014 to December 31st 2018. The region is mixed
rural-urban and covers an area of 12,191 km®. It has 39 Emergency
Medical Service (EMS) stations and one emergency medical dispatch
centre (EMDC). The region has 1.2 million inhabitants. During the
years 2009—2014, a total of 4350 OHCAs occurred in the region,
resulting in 42.4 OHCAs per 100,000inhabitants peryear.'® Of these,
52.9% received bystander CPR and 3.5% were defibrillated prior to
EMS arrival.

Data collection

Data was collected following the Utstein-recommendations for
reporting resuscitation outcomes.'®

AED-centre and the Danish AED-network

Information regarding AEDs was collected from the AED-centre at
Odense University Hospital. In cases where the AED-centre
received an AED from an unknown site/owner, the serial
number was used to track additional information from the Danish

AED-network. The AED-centre collects both registered and
unregistered AEDs used during OHCA. Upon receiving an AED,
data is retracted, analysed and stored in each patient’s electronic
medical record.

In 2010anational AED-network was established. In 2011 the AED-
network became integrated with the five Danish EMDCs. The network
gives AED-owners the opportunity to electronically register AED
address, location type, availability, serial number and model. The
information is available for the public via a homepage and a
smartphone application.

Emergency medical dispatch centre in theregion of Southern
Denmark

When the EMDC receives a call and suspects OHCA, the dispatcher
phone-assists the bystander in performing CPR. If more than one
bystander is present, the dispatcher can refer to a nearby AED via the
AED-network, in accordance with international guidelines.’” Also, a
two-tiered EMS system is activated followed by the dispatch of an
ambulance and a physician-staffed emergency vehicle both equipped
with a defibrillator.

Adjudication of location types

We used the Utstein-template location types'®; 1) Residential; 2)
Public; 3) Nursing home; 4) Company/workplace; 5) Institution; 6)
Health clinic and 7) Sports facility/recreational (Table S1 in the
Supplement). When presenting the demographic and prognostic
results and AED coverage, groups 4—7 will be pooled into one ‘Mixed’
group.

To adjudicate AED location type, a random sample of 150
registered AEDs was reviewed by three authors (LS, HM and FLH) to
reach consensus. The remaining 4209 AEDs were systematically
evaluated by one author (LS), and HM and FLH were consulted in
cases of ambiguity.

Study population

Patients with OHCA were included if 1) an AED was used before the
arrival of EMS, 2) the AED was subsequently transported to the AED-
centre and 3) information regarding the site of OHCA was available.
Data addressing previous medical history and in-hospital treatment
was collected from medical records using each patient’s personal
identification number.®° Patients with obvious signs of prolonged
death were excluded. Cause of cardiac arrest was defined according
to the Utstein-guidelines.”® The Cerebral Performance Category
(CPC) score at hospital discharge was used to report neurologic
outcomes.™®

Definition of AED coverage and retrieval distances

AED coverage distance according to AED location type was defined
and measured as the shortest one-way walking distance from AED
location to OHCA site. AED retrieval distance according to OHCA
location was defined and measured as the shortest one-way walking
distance from OHCA site to AED location.

Distance calculations were done using Google Maps.

Outcomes

Themain outcomes were: 1) the relative use of AEDs at differenttypes .
of AED locations 2) the percentage of AEDs crossing location types



114

RESUSCITATION

162 (2021)112 119

during OHCA before use; and 3) the AED coverage distance at
different types of AED locations.

The secondary outcomes were: 1) AED retrieval distance
according to OHCA location; 2) CPC score at discharge; and 3)
30-day survival.

When evaluating primary outcomes 2) and 3), and secondary
outcome 1) information regarding both registered and unregistered
AEDs was used.

Statistics

Categorical variables were presented as frequencies and percen-
tages. When comparing categorical variables, Pearson’s chi-square
test or Fisher's exact test were used, depending on sample size.
Continuous variables were visually inspected for normal distribution.
Normally distributed continuous variables were presented as means
with standard deviations (SD), and non-normally distributed variables
as medians with interquartile ranges (IQR). In group comparisons, two
or more normally distributed variables were compared using Student's
ttest or one-way analysis of variance, respectively. Non-normally
distributed variables were compared using the non-parametric Mann-
Whitney Utest and the non-parametric Kruskall-Wallis test in cases of
two or more group comparisons, respectively.

A scatter plot was used to graphically display the association
between percentage of registered AEDs at specific locations and the
percentage of AEDs used from the same locations. An upward shift in
the scatter plot will suggest increased AED use at that specific
location. A box-and-whisker plot was used to visually compare AED
coverage distances.

The statistical significance level was at 5%. All analyses were
performed by use of STATA version 15 (StataCorp LP, College
Station, Texas).

Ethics and data protection

The study was approved by The Danish Data Protection Agency
(Journal no. 17/32047) and the Danish Patient Safety Authority under
the administration of Danish Health Authority (no. 3-3013-2319/1 and
3-3013-2848/1).

Results
Baseline characteristics and outcomes

During the study period, the AED-centre collected 621 AEDs. As
illustrated in Fig. 1, 509 OHCA-patients fulfilled the inclusion criteria.
Table 1 shows the demographic and prognostic results. OHCAs in
public places and in the ‘Mixed' group were more often male and
more frequently had a witnessed cardiac arrest. Shockable first AED
rhythm was less frequent in OHCAs in residential areas and nursing
homes. Survival after OHCA in public places and the ‘Mixed’ group
was three to four times higher than in residential areas. Survivors in
all groups demonstrated a high proportion of favourable neurologi-
cal outcomes.

Use of AEDs at different location types

From 2014—2018 the number of registered AEDs increased from
2288 to 4359 (Fig. S1 in the Supplement). Twenty-four hour AED
availability was highest in residential areas followed by nursing homes
and public places (Table S2 in the Supplement). Forty percent of all
AEDs did not have 24 h availability. In 416 of the 509 OHCAs (82%),
the AED location was available for distance measurements.

Fig. 2 shows a relatively high use of AEDs in public areas, nursing
homes, sports facilities/recreational areas and health clinics, as
opposed to a relatively low use of AEDs from companies/workplaces,
residential areas and institutions.

Table 2 shows that during OHCA in public places, nursing homes,
companies/workplaces, institutions, health clinics and sports facilities,
the AEDs were most commonly retrieved from the same type of area
During OHCA in residential areas the most commonly used AEDs
were retrieved from public places.

AED coverage and AED retrieval distances according to
different location types

The widest AED coverage distances were observed in residential
areas and public places (575m (IQR 130-1100) and 250m

[ 621 presumed OHCAs where an AED was used ]

¥

—)[ 74 Excluded due to missing OHCA Jocation ]

38 Excluded
16 with signs of prolonged death
22 Patients without OHCA

[ 509 OHCAs where an AED was used ]

A,

25 Company/
workplace

] [ 22 lnslitutmn] [ |2|:'l'":]l"h ] [
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173 Residential 131 Public 96 Nursing
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Y
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Fig. 1 - Flow-chart showing the inclusion-exclusion.



RESUSCITATION 162 (2021) 112 -1139 115

40

30

10
s

Percentage of AEDs used
20
f

0

20
Percentage of AEDs available

Fig. 2 - Percentage of automated external defibrillators
(AEDs) used during OHCA (Y axis) relative to the
percentage of registered AEDs at different locations (X
axis).

(IQR 5-550), respectively) (Fig. 3). AED retrieval distances in
residential areas were significantly higher compared to the other
groups (Table 3). In 212 of the 416 OHCA cases (51%), the
retrieval distance was <100m.

Discussion

This study presents novel data addressing real life use of AEDs in
patients with OHCA from a mixed rural-urban area. A relative high use
was observed of AEDs placed in public places and nursing homes,
whereas a low use was observed in residential areas. The majority of
AEDs were placed and used in the same type of location. Thirty-nine
percent of AEDs used in residential areas were retrieved from public
places. AEDs placed in residential areas and at public places had a

80
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Table 2 - Cross-table showing wherefrom automated external defibrillators (AEDs) were retrieved and carried to

during out-of-hospital cardiac arrest (OHCA).

Location of OHCA
Residential Public places Nursing homes Companies/ Tnstitutions Health clinics Sports facilities
E (N=173) (N=131) (N=96) workplaces (N=22) (N=12) (N=50)
E (N=25)
§ Residential 19(11.0) 5(38) 442) 3120 040.0) 00.0 0(0.0)
2
=]
ﬁ Public places 66 (38.2) 71(54.2) & (83) 2 (8.0) 4(182) 1 (8.3) 9 (18.0)
i}
= MNursing homes 4i2.3) 3(2.3) 6 (68.8) 120y 6(27.3) 0(0.0) 000y
3
; Companies/ workplaces 16(9.2) 5(3.8) 2(2.1) 11 (44.0) 04(0.0) 0(0.0) 1 (2.0)
=
s
"g Institutions Ti4.1) 4(3.1) 2(2.1) 2(8.0) 61(27.3) 0{0.0y 2(40)
g
<
= Health clinics 106} 5(3.8) 4(4.2) 00,0y 2{9.1) 10 {83.3) 1 (2.0)
Sports facilities 17¢9.8) 10 (7.6) L (L) 2(8.0) 1{4.6) 0{0.0) 32(64.0)
Unknown AED location 43 (24.9) 28 (214) 9(9.4) 4(16.0) 3(13.6) L (83) 5(10.0)
23.0% or higher: Frequent AED use from other locations
25.0% or higher: Frequent AED use from same location
§ ] [ residential areas, where bystander defibrillation consistently has
o . remained low, compared with public places.®*' #° Several factors
n§ ] ; reduce the chance of survival and bystander defibrillation during
E"' s residential OHCAs, including older age, higher comorbidity, more
ma ' . 3 . .
%g o ® frequent unwitnessed arrests and a higher proportion of non-
e s shockable rhythms.**** It has also been shown that bystanders at
2 . . . .
T g 2 residential OHCAs more often are alone compared with bystanders in
;E“' * ! public places, reducing the possibility of AED use.*® Contrary to
=8| ; H previous studies,”*** we found that patients with OHCA in residential
- . . f o
T . ! areas and public places were comparable in age and comorbidity
o 1 [ | l (Table 1). This attenuates that OHCAs in residential areas where an
Residential Public places  Nursing hames Mixed AED is applied differ from those where an AED is not applied. Younger

Fig. 3 - Automated external defibrillator (AED) coverage
distances according to location.

median coverage distance of more than 500 and 250 m, respectively,
indicating that AEDs may have wider coverage than expected.

In recent years, there has been a wide dissemination of AEDs
across communities. Approximately 75% of all OHCAs occur in

age in these OHCA patients makes it more likely that other relatives
share the same residence that may put efforts into AED retrieval. It
may also imply younger bystanders, who are physically capable of
locating and retrieving an AED, compared to their older counterparts.
Furthermore, some studies categorize cardiac arrest in nursing
homes as residential OHCAs, which may explain the higher age and
poorer survival observed in these.”" In a large registry study it was
shown that AED application, irrespective of first rhythm, defibrillation
status, location and age resulted in an overall increased survival
compared to those where an AED was not applied.® Perhaps, AED

Table 3 - Automated external defibrillator (AED) coverage and retrieval distances in meters (N =416).

Residential Public place Nursing home Mixed' P value
AED coverage distance, median (IQR) 575 (130-1100) 250 (5-550) 5(5-5) 36 (5-450) <0.001*
Total no. (%) 31(7.5) 159 (38.2) 80 (19.2) 146 (35.1)
AED retrieval distance, median (IQR) 550 (280-1200) 40 (5-230) 5 (5-5) 5 (5-155) <0.001"
Total no. (%) 129 (31.0) 104 (25.0) 87 (20.9) 96 (23.4)

! Company/workplace, institution, health clinic and sports facility/recreational.
" Kruskall-Wallis test. 1QR: Interquartile range.
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applications itself indicates other unseen opportune factors, such as
mare efficient resuscitation efforts due to voice prompts resulting in
fewer CPR breaks, or more aggressive in-hospital treatment. This,
however, remains speculative.

According to international guidelines, an AED should be
placed where there has been an OHCA every 5 years,”® and “in
public locations where there is a relatively high likelihood of
witnessed cardiac arrest™.’” In these settings, an AED is
expected to cover a radius of approximately 100m walking
range (=0.03 km?)."5 "7 Some studies have opted for mathe-
matical optimization of AED placement based on prior OHCA
sites. 7722557 These strategies, however, were based on
geographically confined, densely populated urban areas, making
it difficult to extrapolate to suburban and rural areas. Moreover,
OHCAs in residential areas were excluded.” ****7 So far, no
recommendations regarding AED placement in residential areas
exist. Also, the actual AED coverage at different locations
remains unknown, resulting in an arbitrarily based assumption of
coverage limited to a 100m walking distance. In the present
study, AEDs placed in residential areas were carried a median
distance of 575m, corresponding to a coverage area of =1 km?.
Furthermore, the observed median retrieval distance of 550 min
residential OHCAs indicates that bystanders were willing to
move greater distances to retrieve AEDs than previously
proposed in the literature ® " "®*" A study in urban Toronto
found a median distance of 281 m between historic OHCAs and
the closest AED.” This is potentially within the walking range
presented here. However, only public OHCAs were included, and
distances were measured using straight line caleulations, a
method known to underestimate actual walking distances *®
Regarding publicly placed AEDs, the present study showed
shorter coverage distances compared with residential AED s (250
vs. 575m), but still longer than the 100m proposed,® 257827
The reason for the observed difference is most likely multifacto-
rial; perhaps during public OHCAs, bystanders are less prone to
walk longer distances, in unfamiliar surroundings with unknown
AED locations, or they may retrieve an AED, but find that the
EMS arrived first due to shorter EMS response times.” ™
Conversely, bystanders at residential OHC As are likely residents
themselves, potentially making them more inclinedto seek outan
AED in familiar surroundings despite longer distances.

In both the present and earlier studies,****? the placement of
AEDs was consistently skewed in favour of public places.
Correspondingly, the present study showed a relatively higher
AED use in public places, and found that AEDs were frequently
transported from public places to other locations as well, including
residential areas. In another study from urban Toronto, the
likelihood of OHCA in different building and location types was
assessed.”™ Here, a large number of AEDs were placed at public
schools where OHCA incidences were very low, and the authors
concluded that AED placement in these public buildings was
improper. This conclusion is in contrast with our observations,
which demonstrated frequent deployment of publically placed
AEDs to other cardiac arrest sites. Therefore, we suggest that
future AED placement should not only take into account the risk of
“on-site” cardiac arrest, but alse consider AED placements, that
are known and accessed by the public, as these may have wider
coverage distances than previously assumed.

Despite great 24 h availability (Table S2 in the Supplement), AEDs
placed in residential areas were seldom used (Fig. 2). An explanation

could bethat residential areas are less congested and AEDs therefore
less visual for the general public. Low use of AEDs from residential
areas was also found in a previous study,” despite residential AEDs
comprising surprisingly four out of ten of total registered AEDs.
Perhaps other methods are needed to improve AED use in residential
areas.

Strengths and limitations

The study has some limitations. First, we do not know the number of
AEDs nat brought to the AED-centre after being used. Second, we
have not taken into account multiple AEDs registered at the same
location. The extent of this and its impact is unknown. Third, we
assume that unregistered AEDs in the region are dispersed in the
same way as registered AEDs, however, this also remains unknown.
Fourth, the organizational and logistical settings inDenmark can make
it difficult to extrapolate the results to other countries. A final limitation
is the observational nature of this study. The strength of this study is
the prospectively collected AED data, which provides information
about both registered and unregistered AEDs. By cross-linking AED
data to the national AED-network, we were able to collect additional
information regarding unidertified AEDs, adding to the extensive data
completeness. Also, this study is the first to measure and report en-
route distances between AED locations and OHCA sites and to
thereby evaluate the actual AED coverage distances at various
locations.

Conclusion

By collecting datafrom AEDs thatwere used during OHCAs in amixed
rural-urban area, we observed high AED use from public places,
nursing homes, spors facilities/recreational areas and health clinics,
and low use from companies/workplaces, residential areas and
institutions. The majority of AEDs were placed and used in the same
type of location, except for residential OHCAs, where AEDs more
frequently were retrieved from public places. By measuring en-route
distances from AED locationto OHCA site, wefound that AEDs placed
in residential areas and public places had wider coverage than
proposed in the current literature. These observations impose new
aspects that may be considered in future guidelines addressing AED
placement.
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Supplemental Table S1Description of types of location

Types oflocation Definition
Residential area Private homes, multiple dwelling houses and vacation houses/cottages.
Public place All places freely accessible to the public, including schools and educational facilities.

Nursing home -

Company/workplac -

e*

Institution* Parttime special care facilities and permanent housings for people with mental or psyc
disabilities.

Health clinic* Clinics that employ authorized health care professionals registered under the Headish
Authorities, e.g. nurses, dentists, physical therapists. Hospitals and outpatient clinics
excluded.

Sports facility/ All sports facilities and recreational areas including rowing and golf clubs

recreational area*

* These four locationtypesr e pool ed into one O6Mi xedd group, as

for a specific group of people, but not freely accessible to the public.

Supplemental Table S2Cumulative number and percentage of registered automa
external defibrillators (AEDs) and 24 h availability at different locations by 2018

No. AEDs (%) 24 h
(N=4,359) availability,
no. (%)

Residential 501 (11.5) 494 (98.6)
Public place 1,408(32.3) 929 (66.0)
Nursing home 86 (1.9) 79 (91.9)
Company/workplace 1,228 (28.8) 487 (39.7)
Institution 586 (13.4) 345 (58.9)
Health clinic 159 (3.6) 47 (29.6)
Sports facility/recreationa 391 (9.0) 248 (63.4)
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Abstract: (250 words)

Aims: To evaluate and compare survival after out-of-hospital OHCA (OHCA), where an automated external
defibnillator (AED) was used, in densely, moderately and thinly populated areas. Also, to evaluate the
association between AED retrieval distance and survival after OHCA.

Methods: From 2014 to 2018, AEDs used during OHCA in the region of Southern Denmark were
systematically collected. OHCAs were included if the OHCA address was known. OHCAs at nursing homes
were excluded. To evaluate population density, a map with 1000x1000 meter grid cells was used with each
cell color-graded according to the number of inhabitants. Densely, moderately and thinly populated areas
were defined as =200 inhabitants, 20-199 inhabitants and 0-19 inhabitants per km’, respectively. Primary
outcome was 30-day survival.

Results: A total of 423 cases of OHCA were included, of which 207 (49%) occurred in densely populated
areas, while 78 (18%) and 138 (33%) occurred i moderately and thinly populated areas, respectively. AED
retrieval distances were; densely populated 105 meters (IQR 5-450), moderately populated 220 meters (IQR
5-450) and thinly populated 350 meters (IQR 5-1500) (P=0.0002). Thirty-day survival was 40%, 31% and
34%, respectively (P=0.3). In a multivariable regression analysis, the risk of death increased with 10% per
100 meters an AED was placed further away from the site

Conclusion: Survival after OHCA, where an AED was used, did not seem to differ in thinly, moderately and
densely populated areas. The length of the AED retrieval distance, however, was correlated with reduced

survival, even after adjusting for other potentially explanatory variables.
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Introduction

Out-of-hospital OHCA (OHCA) 1s the third leading cause of death i Europe and remains a significant

public health problem with only about 5% surviving to hospital discharge (1). Early cardiopulmonary
resuscitation (CPR) and bystander defibrillation is pivotal for OHCA outcomes (2-4), and though bystander
CPR has become widespread in recent years (5, ), the rates of bystander defibrillation have remained
relatively low at 2-10% (7-9). To improve the use of automated external defibrillator (AED), the European
Resuscitation Council and the American Heart Association (AHA) have recommended public access
defibrillation (PAD) programs where AEDs are placed “in public places with a high density and movement

of citizens™, and where one OHCA can be expected per 2-5 years (10, 11). Accordingly, great effort has been
put mto identifying high-risk locations for AED placement in urban areas (12-14). Guidelmes regarding

AED placement in thinly populated areas remain scarce. Here, the response times for emergency medical
services (EMS) are longer than in urban areas, which 1s associated with reduced survival after OHCA (7, 15-
17). Also, the incidence of residential OHCASs in rural areas is higher than in dense urban areas (16), making
the effects of PAD i rural areas more uncertain. According to international gmdelines, an AED 1s expected

to cover an area reachable within 1-2 minutes of brisk walking (11), translated to a Euclidian distance of
approximately 100 meters. However, in rural areas, distances to the nearest available AED may be longer
(18), further inhibiting AED use, and the effects of longer AED retrieval distances on survival after OHCA
remains unknown.

The aims of the study were 1) to evaluate and compare 30-day suwrvival during OHCA, where an AED was
used 1n densely, moderately and thinly populated areas, and 2) to evaluate the association between AED

retrieval distance and 30-day survival after OHCA.

Methods
Study design and patient population
This 1s a retrospective cohort study, where AED data was prospectively collected. Data was collected using

the 2014 Utstem recommendations for reporting resuscitation outcomes (19).
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Patients were included from January 1st 2014 to December 31st 2018. The study includes all consecutive
cases of OHCA that were attempted resuscitated by the EMS staff, where an AED was used before EMS
arrival, and the AED was subsequently transported to the AED-center at the Odense University Hospital.
OHCAs with unknown AED address and at nursing homes were excluded along with OHCAs with signs of

prolonged death such as rigor mortis.

Definition of primary endpoint

The primary endpoint was 30-day survival after the index OHCA event.

Study settings

The study was conducted i the region of Southern Denmark. The region covers 12,191 km” and has 1.2
million inhabitants. It has 39 Emergency Medical Service (EMS) stations, organized and dispatched by one
Emergency Medical Dispatch Center (EMDC). According to Stafistics Denmark, 16% of the population
(200,000 mhabitants) in this region lives outside urban areas, which comprise 94% of the entire area (20).
Urban areas are defined as “built-up areas™ with at least 200 inhabitants and where the distance between the
buildings is not more than 200 meters, unless due to e g parks, cemeteries facilities (Statistics Denmark)

(21). According to Statistics Denmark, the population density in rural areas is <200 inhabitants per km”.

If the EMDC receives a call and suspects an OHCA, a two-tiered system is activated. The first tier involves
an ambulance equipped with a defibrillator, and the second tier 1s an anesthesiologist-staffed emergency

vehicle with means to provide advanced life.

Data collection

AED data was collected from the AED-center at Odense University Hospital and the Danish national AED-
network.

Since 2014 the AED-center has collected AEDs used during OHCA 1n the region of Southern Denmark. The

AED-center has been described previously in detail (22). The Danish national AED-network was established
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in 2010 and 15 a voluntary based registry containing information regarding publically available AEDs. The

information is accessible via a homepage (www.hjertestarter dk) and a smartphone application.

Information regarding previous medical history and in-hospital treatment was collected from the medical
records using each patients” personal civil registration number (23). Information regarding the prehospital

treatment was retrieved from the electronic Prehospital Patient Journals.

Geocoding, population density and AED retrieval distance

The exact addresses of OHCA sites, registered AEDs and AEDs used during OHCA were geocoded using
the open source Quantum Geographic Information System (QGIS). An AED was defined as publically
available 1f 1t was registered at the AED network at the time of OHCA . Information regarding population
density was retrieved from Statistics Denmark (2011) and integrated into QGIS, which thereby prowvided a
map with 1000 x 1000 meter grid cells color-graded according to the number of inhabitants in each grid cell
(Figure S1 m the Supplement).

Population density was defined as densely populated (=200 inhabitants per km”), moderately populated (20-
199 inhabitants per km®) and thinly populated (0-19 inhabitants per km®) areas according to the site of
OHCA. Information regarding population density in the region was retrieved from Statistics Denmark using
the 2014 GEOSTAT “New Degree of Urbanisation’ (24). Distance measurements for AED retrieval distance
were obtained using Google Maps and represent the shortest one-way walking distance from AED location
to OHCA site.

On-site AED use was defined as an AED retrieval distance of 0-5 meters and applied to cases where the

OHCA and AED location had the same address.

Statistics

Categorical variables were presented as percentages and their respective frequencies. Categorical data were
compared using either Pearson’s chi-squared test or Fisher’s exact test, depending on sample size.
Continuous variables were presented as means (= standard deviations) or medians (interquartile ranges), after

visually inspecting for normal distribution. If normally distributed, two or more groups were compared using
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Student’s t-test or one-way analysis of variance (ANOVA), respectively. Non-normally distributed variables
were compared using the non-parametric Mann-Whitney U test and the non-parametric Kruskall-Wallis test
m cases of two or more group comparisons, respectively.

To evaluate aim 1) Pearson’s chi-squared test was used to compare survival in the three groups. To evaluate
aim 2) we conducted a multivariable logistic regression analysis where the primary endpoint was regressed
on AED refrieval distance, while adjusting for the following prognostic factors: Age, sex, cardiac cause of
arrest, bystander witnessed OHCA, public place of arrest, shockable first thythm bystander defibrillation
before EMS arrival, time of day, population density and EMS response time  Backward variable selection
was applied with a p-stay of 0.4 while age and sex were kept in the model due to suspected prognostic value,
wrrespective of statistical sigmificance.

Hypothesis tests were two-sided and the statistical significance level was set at 5%.

All statistical analyses were performed using Stata 15 (StataCorp LP, College Station, Texas).

Ethics and data protection
This study was approved by the Damsh Safety Patient Authonty (under Damsh Health Authority) (no. 3-

3013-2319/1 & 3-3013-2484/1) and the Danish Data Protection Agency (Journal no. 17/32047).

Results

Clinical characteristics and outcomes according fo population density

During the 5-year period, an AED was taken mto use during 621 cases of presumed OHCA. A total of 423
(68%) cases fulfilled the mclusion criteria (Figure 1). Of these, 207 (49%) took place in densely populated
areas, while 78 (18%) and 138 (33%) occurred i1 moderately and thinly populated areas, respectrvely.
Table 1 shows patient characteristics and clinical outcomes. The groups were comparable 1n age, sex
distribution, pre-arrest comorbidity and predictors of OHCA survival, including bystander witnessed arrest,
bystander CPR. and bystander defibrillation. In thinly populated areas, EMS response times were
significantly longer and residential OHCAs occurred more frequently than in densely populated areas. Also,

AED retrieval distance became longer with the declining population density (105 m (IQR 5-450) vs. 350 m
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(IQR 5-1500) in densely and thinly populated areas, respectively). When evaluating 30-day survival. patients
from densely populated areas appeared to have the most favorable outcome (40% versus 34% in thinly

populated areas). however, the result did not reach the level of statistical significance (Table 1).

AED retrieval distance and survival outcome

In 348 out of 423 OHCAs (82%) the AED location was known. and AED retrieval distances were calculated.
Figure 2 illustrates the distribution of four predictors of survival and the AED retrieval distance. It confirms
that the proportion of residential OHCAs increases with higher AED retrieval distances. but seems
unchanged in the proportion of shockable first rhythm. witnessed OHCAs and OHCAs older than 65 years.
Figure 3 illustrates the cumulative distribution of AED retrieval distances. It shows that about one-third of
AEDs were collected on-site (Figure 3A) and confirms that distances were longer in thinly populated areas
compared with the two other groups (Figure 3B). Figure 4 shows that the number of OHCAs with ROSC at

hospital arrival and the number of patients alive after 30 days decreased with longer AED retrieval distances.

Multivariable logistic regression

After adjusting for 10 clinically relevant variables (Table S1 in the Supplement). the variables ‘population
density’. ‘public place of arrest” and ‘bystander defibrillation before EMS arrival” were excluded as part of
the backward elimination process. This was done due to these variables™ high correlation with ‘EMS
response time’ and ‘shockable first rhythm’, respectively. and due to the non-significant effect that these
three had in the initial regression analysis.

In the following multivariable analysis, AED retrieval distance was regressed on 30-day survival adjusting

for the remaining seven explanatory variables of interest (Table 2). The regression showed that the risk of

death increased with 0.1% per meter (OR 1.0010 (95% CI 1.0004-1.0016)), corresponding to a 10% (95% CI

4-16%) increased risk of death per 100 meters an AED was placed further away from the site. Younger age.
bystander witnessed arrests and OHCAs with shockable first rthythms were associated with better survival

oufcomes.
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