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Summary  Out-of-hospital  sudden  cardiac  arrest  (OHCA)  is  a  major  public  health  issue,  with  a
survival rate  at  hospital  discharge  that  remains  below  10%  in  most  cities,  despite  huge  invest-
ments in  this  domain.  Early  basic  life  support  (BLS)  and  early  defibrillation  using  automated
external  defibrillators  (AEDs)  stand  as  key  elements  for  improving  OHCA  survival  rate.  Never-
theless, the  use  of  AEDs  in  OHCA  remains  low,  for  a  variety  of  reasons,  including  the  number,
accessibility  and  ease  of  locating  AEDs,  as  well  as  bystanders’  awareness  of  BLS  manœuvres
and of  the  need  to  use  AEDs.  Several  measures  have  been  proposed  to  improve  the  rate  of  AED
use, including  optimization  of  AED  deployment  strategies  as  well  as  the  use  of  drones  to  bring
the AEDs  to  the  OHCA  scene  and  of  mobile  applications  to  locate  the  nearest  AED.  If  they  are
to be  effective,  these  measures  should  be  combined  with  large  communication  campaigns  on
OHCA, and  wide-scale  education  of  the  public  in  BLS  and  AEDs,  to  reduce  the  burden  of  OHCA.
© 2018  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé  L’arrêt  cardiorespiratoire  (ACR)  extrahospitalier  constitue  un  véritable  problème  de
santé publique,  avec  un  taux  de  survie  qui  reste  inférieur  à  10  %  dans  la  plupart  des  pays,  malgré
de considérables  investissements  dans  ce  domaine.  La  réanimation  précoce  et  une  défibrilla-
tion précoce  grâce  à  l’usage  des  défibrillateurs  automatiques  externes  (DAE)  ont  été  identifiées
comme des  éléments  clés  pour  améliorer  la  survie  des  ACR.  Pourtant,  le  taux  d’utilisation  des
DAEs dans  les  ACR  reste  faible.  Plusieurs  limites  empêchent  une  plus  ample  utilisation  des  DAE,
dont leur  nombre,  leur  accessibilité  et  la  facilité  de  leur  localisation,  ainsi  que  l’éducation
des témoins  aux  gestes  qui  sauvent  et  à  la  nécessité  d’utiliser  un  DAE.  Plusieurs  pistes  ont  été
testées pour  améliorer  ces  différents  paramètres,  incluant  une  optimisation  du  déploiement
des DAEs,  ainsi  que  l’utilisation  de  drones  permettant  de  ramener  les  DAEs  sur  le  site  d’ACR
et d’applications  permettant  de  localiser  le  DAE  le  plus  proche.  Ces  mesures  doivent  systé-
matiquement  être  associées  à  de  vastes  campagnes  de  communication  sur  la  mort  subite  et  à
une éducation  du  grand  public  aux  manœuvres  de  réanimation  et  à  l’intérêt  de  l’utilisation  des
DAEs.
© 2018  Elsevier  Masson  SAS.  Tous  droits  réservés.
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ut-of-hospital  sudden  cardiac  arrest  (OHCA)  is  a  major  pub-
ic  health  issue,  with  more  than  350,000  deaths  per  year  in
he  USA  and  50,000  deaths  per  year  in  France,  accounting  for
lmost  half  of  cardiovascular  mortality  [1—5].  Despite  huge
nvestments,  the  increase  in  survival  rates  is  limited  [6,7]
nd  outcomes  remain  poor,  with  an  overall  survival  rate  to
ospital  discharge  of  <  10%  [8].

Several  strategies  have  been  developed  to  improve
HCA  prognosis.  Among  them,  basic  life  support  (BLS)
anœuvres,  including  cardiopulmonary  resuscitation  (CPR)

nd  early  defibrillation,  were  identified  as  key  elements  for
uccessful  resuscitation  (Fig.  1)  [9—11].  However,  the  rate
f  AED  use  remains  extremely  low  worldwide,  and  is  <  5%
n  France  [12,13].  Efforts  are  being  made  to  improve  OHCA
anagement  and  to  increase  the  availability  and  use  of

utomated  external  defibrillators  (AEDs).  A  French  law  was
assed  in  June  2018  to  enforce  AED  deployment  at  specific
ites,  impose  regular  maintenance  for  existing  AEDs  and
reate  a  national  public  AED  map,  by  locating  AEDs  already

eployed  in  France  [14].  Two  other  proposed  laws  for  opti-
izing  AED  deployment  and  use  were  submitted  in  2018.

n  this  review,  we  provide  a  broad  picture  of  the  current

g

m

imitations  to  wider  AED  use  in  France,  and  offer  solutions
hat  could  help  to  optimize  AED  deployment  and  increase
heir  use.

ED use: yield and current status

apidity  of  defibrillation  is  a  key  factor  in  its  success,  as  the
robability  of  survival  decreases  by  10—12%  per  minute  of
elay  in  defibrillation  [15,16].  Community  strategies  aiming
o  reduce  the  time  to  defibrillation  in  those  experiencing  an
HCA  include  equipping  and  training  first  responders  (fire-
ghters),  emergency  medical  services  (EMS)  personnel  and
aramedics,  as  well  as  placing  AEDs  in  busy  locations  such
s  airports,  train  stations,  commercial  aircraft  and  gambling
asinos,  and  educating  the  public  in  the  use  of  AEDs  [17—20].
ccordingly,  the  concept  of  public  access  defibrillation  pro-
rammes  emerged  in  North  America  in  the  mid-1990s  to
romote  deployment  of  AEDs  and  education  of  the  public
n  BLS  [21—23].  Since  then,  public  access  defibrillation  pro-
rammes  have  also  been  recommended  in  Europe,  and  have

ained  international  support  [24—26].

Several  trials  have  confirmed  the  benefit  of  AED  deploy-
ent  and  use.  In  Austria,  Fleischhackl  et  al.  compared  OHCA
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Figure 1. The chain of survival — a series of interventions which, when implemented in a timely manner, can increase the potential for
surviving a sudden cardiac arrest; it begins with early recognition of an out-of-hospital sudden cardiac arrest and access to care, followed
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lation  in  Southampton  in  the  UK,  only  5%  of  interviewed
by early cardiopulmonary resuscitation (CPR), early defibrillation 

personnel.

outcomes  before  and  after  AED  deployment;  they  observed  a
more  than  fivefold  increase  in  survival  at  hospital  discharge,
from  4.3%  before  the  installation  of  AEDs  to  27%  afterwards
[27].  Berdowski  et  al.  showed  that  the  use  of  AEDs  reduced
the  time  to  first  shock  from  11  to  4.1  minutes  [28].  Compared
with  providing  CPR  alone  while  awaiting  the  arrival  of  EMS
personnel,  the  use  of  AEDs  was  associated  with  a  doubling
in  the  number  of  neurologically  intact  OHCA  survivors  when
laypersons  were  trained  and  equipped  to  provide  early  CPR
and  use  AEDs  [17].

In  France,  legislation  passed  in  2007  authorized  the  use
of  AEDs  by  all-comer  bystanders,  regardless  of  whether  they
were  trained  to  use  an  AED.  However,  the  rate  of  AED  use
in  OHCA  remains  extremely  low,  not  exceeding  2%  in  Paris
and  its  suburbs,  and  4%  in  France  [12,13].  The  low  rate  of
AED  use  by  OHCA  bystanders  can  be  explained  by  a  number
of  limiting  factors  related  to  the  availability  of  functional

AEDs  and  the  bystanders’  awareness  and  willingness  to  use
AEDs  (Fig.  2).

i
e
w

Figure 2. Central illustration. The rate of AED use remains very low d
solutions can be envisaged, including the optimisation of AED deployment
to BLS and a more poheminent role of EMS dispatcher in guiding bystand
early advanced care by emergency medical services and hospital

ED deployment: issues and solutions

he  availability  of  an  AED  near  the  OHCA  site  is  one  of  the
ain  limitations.  In  a  study  analysing  the  dissemination  of
EDs  in  France,  we  observed  marked  regional  disparities,
ith  AED  densities  varying  from  5  to  3399  per  100,000  inhab-

tants  per  1000  km2.  AED  density  correlated  strongly  with
ean  survival  rates,  which  ranged  from  8%  in  areas  with  an
ED  density  below  the  median  to  18%  in  areas  with  an  AED
ensity  above  the  median,  with  a  125%  higher  survival  rate  in
reas  with  a  high  AED  density  (P  <  0.001)  [29].  A  more  homo-
eneous  deployment  of  AEDs  across  the  French  territory  is
herefore  required.

The  ease  of  locating  AEDs  and  their  accessibility  are  other
otential  limitations  to  wider  AED  use.  In  a  sample  popu-
ndividuals  were  aware  of  where  or  how  to  find  the  near-
st  AED  [30].  Furthermore,  Hansen  et  al.  showed  that  AEDs
ere  inaccessible  in  54%  of  OHCA  cases  occurring  during

ue to both AED-deployment and bystanders-related issues. Several
 strategies, the use of drones, a better education of the population
ers to AED location and through AED use.
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20  

he  evening,  night-time  and  weekends,  despite  being  within
alking  distance  of  the  OHCA  site  [31].  The  selection  of
ED  location  is  therefore  a  delicate  issue.  Current  European
esuscitation  Council  guidelines  recommend  AED  placement
n  locations  where  OHCAs  occur  at  least  every  5  years  [25].
he  main  limitation  of  such  a  systematic  strategy  is  that

t  leads  after  a  few  years  to  an  unlimited  increase  in  the
umber  of  deployed  defibrillators,  accompanied  by  mini-
al  improvements  in  the  OHCA-to-AED  distance.  In  addition,

he  exact  AED  location  might  be  difficult  to  guess  by  the
ystanders  once  an  OHCA  has  occurred.

To  identify  the  ideal  way  to  optimize  AED  placement,
e  compared  the  current  recommended  strategy  with  two
ovel  AED  deployment  strategies  in  Paris,  according  to
he  expected  number  of  deployed  AEDs  and  the  average
xpected  OHCA-to-AED  distance.  The  first  strategy  was  grid-
ased,  with  AEDs  supposed  to  be  placed  at  regular  fixed
istances,  ranging  from  200  to  2000  m.  The  second  strat-
gy  was  landmark-based,  in  which  we  tested  placing  AEDs
t  different  well-known  and  easily  located  landmarks:  dis-
rict  town  halls,  post  offices,  subway  stations,  bike-sharing
tations  (Velib’)  or  pharmacies.  This  landmark-based  strat-
gy  resulted  in  the  shortest  OHCA-to-AED  distances  for  the
ame  total  number  of  AEDs  deployed.  Placing  AEDs  at  the
ike-sharing  stations  (Velib’)  was  the  most  cost-effective
ption  among  different  landmark  locations  (Table  1).  More
mportantly,  bike-sharing  stations  are  regularly  distributed
hroughout  Paris,  easy  to  locate  and  accessible  at  all  hours,
nlike  schools  and  businesses,  where  the  AEDs  would  not  be
ccessible  outside  normal  business  hours  [29,32].

Other  solutions  to  the  difficulty  in  locating  and  obtaining

EDs  have  been  proposed.  Among  them,  the  use  of  drones
o  deliver  an  AED  to  the  site  of  an  OHCA  has  been  consid-
red  [33].  Claesson  et  al.  showed  that  this  strategy  is  safe
nd  efficacious,  particularly  in  rural  areas,  where  the  drones

B
i
o

Table  1  Median  distance  between  an  out-of-hospital  cardiac
according  to  different  deployment  strategies  [32].

Number  o
AEDs

Guidelines-based  AED  deployment  strategy  170  

Mesh-based  AED  deployment  strategy
Distance  between  AEDs  (m)

200  2169  

300  966  

400  546  

500  350  

1000  85  

1500  37  

2000  20  

Specific  landmark-based  AED  deployment  strategy
Public  facilities

District  councils  20  

Post  offices  195  

Subway  stations  302  

Bike-sharing  stations  957  

Pharmacies 1466  

AED: automated external defibrillator; IQR: interquartile range; OHCA
a For an average walking speed of 1.4 m/s.
C.  Delhomme,  M.  Njeim,  E.  Varlet,  et  al.

rrived  before  the  EMS  in  93%  of  cases,  with  a  mean  sav-
ng  of  19  minutes  [34].  Several  cities  have  also  developed
he  concept  of  dispatch-assisted  defibrillation,  in  which  a
ext  message  is  sent  requesting  volunteers  once  an  OHCA
as  occurred,  specifying  the  location  of  the  OHCA  and  the
earest  AED.  Early  experience  in  the  Netherlands  in  2013
howed  a  reduction  in  time  to  defibrillation  of  2  minutes  and
9  seconds  compared  with  the  EMS  [35].  In  France,  several
martphone  applications  have  also  been  developed  to  notify
olunteers  of  the  occurrence  of  an  OHCA  and  the  nearest
ED  location  [36].  The  effectiveness  of  these  applications
as  yet  to  be  assessed.

Dispatch  centres  can  also  guide  bystanders  to  locate
he  nearest  AED.  Guidelines  recommend  that  AED  registries
roviding  the  geographic  location  of  AEDs  are  linked  to
ispatch  centres  as  tools  to  refer  callers  to  nearby  AEDs.
he  guidelines  also  advocate  that  the  dispatchers  expand
he  role  of  bystanders  into  AED  use  [16].  In  France,  the
xact  number  and  locations  of  deployed  AEDs  are  unknown.
ew  legislation  was  issued  in  June  2018  recommending
he  creation  of  a  national  map  of  deployed  AEDs,  which
ould  help  the  dispatchers  to  locate  the  nearest  AED  [14].
esides  addressing  the  issue  of  AED  location,  this  same
aw  enforced  the  obligation  to  regularly  maintain  deployed
EDs.  Despite  the  absence  of  official  numbers,  several
ases  of  failing  AEDs  identified  during  an  OHCA  have  been
eported  worldwide,  underlining  the  need  for  regular
ontrols  over  those  devices  once  placed.

ystander-related issues and solutions
esides  the  availability  and  accessibility  of  AEDs,  the  abil-
ty  of  bystanders  to  recognize  an  OHCA  and  their  awareness
f  the  need  to  initiate  CPR  and  use  an  AED  are  other  key

 arrest  and  the  nearest  automated  external  defibrillator,

f Median  [IQR]  distance
to  OHCA  (m)

Median  [IQR]  round-trip
walking  time  (minutes)a

416  [180—614]  10  [4—15]

110  [70—144]  3  [2—3]
168  [118—218]  4  [3—5]
226  [168—284]  5  [4—7]
276  [203—346]  7  [5—8]
535  [374—664]  13  [9—16]
785  [540—954]  19  [13—23]
991  [706—1246]  24  [17—30]

1052  [669—1408]  25  [16—34]
324  [210—452]  8  [5—11]
239  [145—369]  6  [3—9]
137  [78—201]  3  [2—5]
142  [74—215]  3  [2—5]

: out-of-hospital cardiac arrest.
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Figure 3. Association of out-of-hospital sudden cardiac arrest
survival rate with the development of public access defibrillation
programmes [29]. Departments were classified according to their
investment in each arm of public access defibrillation programmes,
with a high number of automated external defibrillators (AEDs) and
basic life support (BLS)-educated inhabitants defined by a number
above the median (22 AEDs per 100,000 inhabitants per 1000 km2

and 13,866 per 100,000 inhabitants, respectively). Survival rate was
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[6] Stromsoe A, Svensson L, Axelsson AB, et al. Improved outcome
highest in departments where AED density and the proportion of
BLS-educated individuals were both above the median.

factors  that  still  need  to  be  improved.  American  and  Euro-
pean  recommendations  insist  on  the  importance  of  promptly
initiating  the  OHCA  chain  of  survival,  which  involves  imme-
diate  high-quality  CPR  and  rapid  defibrillation  with  an  AED
[11,25].  Therefore,  population  education  in  BLS  and  AED
use  is  crucial  for  improving  OHCA  survival  rates.  We  have
shown  significant  regional  disparities  in  the  proportion  of
BLS-educated  inhabitants  within  the  French  territory,  along
with  the  regional  discrepancies  in  AED  density  described
above.  The  proportion  of  BLS-educated  individuals  varied
widely  among  French  districts,  ranging  from  6955  to  36,636
per  100,000  inhabitants.  Importantly,  the  mean  survival  rate
was  5%  in  districts  with  a  BLS-education  level  below  the
median,  compared  with  21%  in  districts  with  a  BLS-education
level  above  the  median,  corresponding  to  a  316%  higher  sur-
vival  rate  (P  <  0.001).  The  survival  rate  was  strikingly  higher
in  areas  with  both  AED  density  and  a  BLS-education  level
above  the  median  (23%)  than  in  areas  with  both  AED  density
and  a  BLS-education  level  below  the  median  (5%)  (Fig.  3)
[29].

Population  education  can  also  help  to  solve  the  problem
of  bystanders’  unwillingness  to  use  AEDs.  The  willingness  of
laypeople  to  use  public-access  AEDs  varies  markedly  across
studies.  In  a  UK  study,  only  2%  of  bystanders  were  willing
to  retrieve  and  use  an  AED  in  case  of  OHCA  [30].  Reasons
behind  this  reluctance  to  AED  use  included  not  knowing  how
the  device  worked  (40—85%),  not  being  comfortable  using  it
(72—84%),  fear  of  causing  harm  to  the  patient  and  legal  lia-
bility  [37].  Willingness  to  use  an  AED  increased  in  one  study
in  the  USA  from  71%  to  83%  if  the  survey  respondents  were
informed  about  legal  liability  protection  for  rescuers  [38].
EMS  dispatchers  receiving  a  call  for  a  suspected  OHCA
have  an  important  role  to  play  in  improving  the  willingness
of  bystanders  to  use  an  AED,  and  in  guiding  them  through
221

he  steps  of  its  use  once  an  OHCA  has  occurred.  Regardless
f  whether  the  bystanders  have  never  had  BLS  training  or  if
his  training  was  conducted  long  before  the  OHCA,  dispatch-
rs  can  still  improve  the  rate  of  AED  use  before  EMS  arrival
y  reassuring  the  bystanders  about  the  safety  and  practi-
al  aspects  of  AED  use.  Dispatchers  should  be  aware  of  this
esponsibility,  and  trained  in  better  recognizing  an  OHCA
nd  guiding  bystanders  on  the  phone.  Currently,  the  rate  of
eferral  of  bystanders  to  the  closest  AED  remains  surprisingly
ow.  In  a  Swedish  study  conducted  in  2014,  dispatch  centres
ere  provided  with  a  tool  to  display  AED  locations  and  acces-

ibility.  Among  OHCAs  where  an  available  AED  was  <  100  m
way,  dispatchers  referred  the  callers  to  the  AED  in  only
.3%  of  cases,  highlighting  the  need  to  further  educate  EMS
ispatchers  about  their  responsibility  to  increase  the  rate  of
ED  use  [39].

onclusions

espite  its  major  well-demonstrated  benefit  in  improving
urvival  rates  after  OHCA,  the  rate  of  AED  use  by  OHCA
ystanders  remains  extremely  low,  not  exceeding  4%  in
rance.  Efforts  are  needed  to  improve  the  rate  of  AED  use,
ncluding  optimization  of  AED  deployment,  whether  in  terms
f  the  number  of  AEDs  deployed  or  the  selection  of  AED
ocation.  This  should  be  combined  with  large  communica-
ion  campaigns  on  OHCA,  and  wide-scale  education  of  the
ublic  in  BLS  and  AED  use,  to  reduce  the  burden  of  OHCA.
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