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Background

Out-of-hospital sudden cardiac arrest (OHCA) is a major public health issue, with more than 350,000 deaths per year in the USA and 50,000 deaths per year in France, accounting for almost half of cardiovascular mortality [START_REF] Bonny | Epidemiology of sudden cardiac death in Cameroon: rationale and design of the Douala-SUD survey[END_REF][START_REF] Go | Heart disease and stroke statistics--2014 update: a report from the American Heart Association[END_REF][START_REF] Jouven | Epidemiology of Sudden Cardiac Death: Data from the Paris Sudden Death Expertise Center Registry[END_REF][START_REF] Luc | Epidemiology of out-of-hospital cardiac arrest: A French national incidence and mid-term survival rate study[END_REF][START_REF] Marijon | Sudden death expertise centre: a multi disciplinary approach for sudden death[END_REF]. Despite huge investments, the increase in survival rates is limited [START_REF] Stromsoe | Improved outcome in Sweden after out-ofhospital cardiac arrest and possible association with improvements in every link in the chain of survival[END_REF][START_REF] Wong | Trends in short-and long-term survival among out-ofhospital cardiac arrest patients alive at hospital arrival[END_REF] and outcomes remain poor, with an overall survival rate to hospital discharge of < 10% [START_REF] Hasselqvist-Ax | Early cardiopulmonary resuscitation in out-of-hospital cardiac arrest[END_REF].

Several strategies have been developed to improve OHCA prognosis. Among them, basic life support (BLS) manoeuvres, including cardiopulmonary resuscitation (CPR) and early defibrillation, were identified as key elements for successful resuscitation (Fig. 2) [START_REF] Chan | Delayed time to defibrillation after inhospital cardiac arrest[END_REF][START_REF] Field | Part 1: executive summary: 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care[END_REF][START_REF] Neumar | American Heart Association Response to the 2015 Institute of Medicine Report on Strategies to Improve Cardiac Arrest Survival[END_REF]. However, the rate of AED use remains extremely low worldwide, and is < 5% in France [START_REF] Hubert | Rationale, methodology, implementation, and first results of the French out-of-hospital cardiac arrest registry[END_REF][START_REF] Karam | Characteristics and outcomes of out-of-hospital sudden cardiac arrest according to the time of occurrence[END_REF]. Efforts are being made to improve OHCA management and to increase the availability and use of automated external defibrillators (AEDs). A French law was passed in June 2018 to enforce AED deployment at specific sites, impose regular maintenance for existing AEDs and create a national public AED map, by locating AEDs already deployed in France [START_REF]du 28 juin 2018 relative au défibrillateur cardiaque[END_REF].Two other proposed laws for optimizing AED deployment and use were submitted in 2018. In this review, we provide a broad picture of the current limitations to wider AED use in France, and offer solutions that could help to optimize AED deployment and increase their use.

AED use: Yield and current status

Rapidity of defibrillation is a key factor in its success, as the probability of survival decreases by 10-12% per minute of delay in defibrillation [START_REF] Jost | a randomized controlled trial of the effect of automated external defibrillator cardiopulmonary resuscitation protocol on outcome from outof-hospital cardiac arrest[END_REF][START_REF] Perkins | European Resuscitation Council Guidelines for Resuscitation 2015: Section 2. Adult basic life support and automated external defibrillation[END_REF]. Community strategies aiming to reduce the time to defibrillation in those experiencing an OHCA include equipping and training first responders (firefighters), Emergency Medical Services (EMS) personnel and paramedics, as well as placing AEDs in busy locations such as airports, train stations, commercial aircraft and gambling casinos, and educating the public in the use of AEDs [START_REF] Hallstrom | Public-access defibrillation and survival after outof-hospital cardiac arrest[END_REF][START_REF] Marijon | Population movement and sudden cardiac arrest location[END_REF][START_REF] Page | Use of automated external defibrillators by a U.S. airline[END_REF][START_REF] Valenzuela | Outcomes of rapid defibrillation by security officers after cardiac arrest in casinos[END_REF]. Accordingly, the concept of Public Access Defibrillation Programmes emerged in North America in the mid-1990s to promote deployment of AEDs and education of the public in BLS [START_REF]Public Access Defibrillation Guidelines[END_REF][START_REF] Nichol | American Heart Association report on the second public access defibrillation conference[END_REF][START_REF] Weisfeldt | American Heart Association Report on the Public Access Defibrillation Conference December 8-10, 1994. Automatic External Defibrillation Task Force[END_REF]. Since then, Public Access Defibrillation Programmes have also been recommended in Europe, and have gained international support [START_REF] Borjesson | Consensus document regarding cardiovascular safety at sports arenas: position stand from the European Association of Cardiovascular Prevention and Rehabilitation (EACPR), section of Sports Cardiology[END_REF][START_REF] Priori | ESC Guidelines for the management of patients with ventricular arrhythmias and the prevention of sudden cardiac death: The Task Force for the Management of Patients with Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death of the European Society of Cardiology (ESC). Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC)[END_REF][START_REF] Weisfeldt | Public access defibrillation. A statement for healthcare professionals from the American Heart Association Task Force on Automatic External Defibrillation[END_REF].

Several trials have confirmed the benefit of AED deployment and use. In Austria, Fleischhackl et al. compared OHCA 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 [START_REF] Fleischhackl | Results from Austria's nationwide public access defibrillation (ANPAD) programme collected over 2 years[END_REF]. Berdowski et al. showed that the use of AEDs reduced the time to first shock from 11 to 4.1 minutes [START_REF] Berdowski | Impact of onsite or dispatched automated external defibrillator use on survival after out-of-hospital cardiac arrest[END_REF]. 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 [START_REF] Hallstrom | Public-access defibrillation and survival after outof-hospital cardiac arrest[END_REF].

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 [START_REF] Hubert | Rationale, methodology, implementation, and first results of the French out-of-hospital cardiac arrest registry[END_REF][START_REF] Karam | Characteristics and outcomes of out-of-hospital sudden cardiac arrest according to the time of occurrence[END_REF] 

AED deployment: Issues and solutions

The availability of an AED near the OHCA site is one of the main limitations. In a study analysing the dissemination of AEDs in France, we observed marked regional disparities, with AED densities varying from 5 to 3399 per 100,000 inhabitants per 1000 km 2 . AED density correlated strongly with mean survival rates, which ranged from 8% in areas with an AED density below the median to 18% in areas with an AED density above the median, with a 125% higher survival rate in areas with a high AED density (P < 0.001) [START_REF] Karam | Major regional differences in Automated External Defibrillator placement and Basic Life Support training in France: Further needs for coordinated implementation[END_REF]. A more homogeneous deployment of AEDs across the French territory is therefore required.

The ease of locating AEDs and their accessibility are other potential limitations to wider AED use.

In a sample population in Southampton in the UK, only 5% of interviewed individuals were aware of where or how to find the nearest AED [START_REF] Brooks | Public knowledge and confidence in the use of public access defibrillation[END_REF]. Furthermore, Hansen et al. showed that AEDs were inaccessible in 54% of OHCA cases occurring during the evening, night-time and weekends, despite being within walking distance of the OHCA site [START_REF] Hansen | Automated external defibrillators inaccessible to more than half of nearby cardiac arrests in public locations during evening, nighttime, and weekends[END_REF]. The selection of AED location is therefore a delicate issue. Current European Resuscitation Council guidelines recommend AED placement in locations where OHCAs occur at least every 5 years [START_REF] Priori | ESC Guidelines for the management of patients with ventricular arrhythmias and the prevention of sudden cardiac death: The Task Force for the Management of Patients with Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death of the European Society of Cardiology (ESC). Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC)[END_REF]. The main limitation of such a systematic strategy is that it leads after a few years to an unlimited increase in the number of deployed defibrillators, accompanied by minimal improvements in the OHCA-to-AED distance. In addition, the exact AED location might be difficult to guess by the bystanders once an OHCA has occurred.

To identify the ideal way to optimize AED placement, we compared the current recommended strategy with two novel AED deployment strategies in Paris, according to the expected number of deployed AEDs and the average expected OHCA-to-AED distance. The first strategy was grid-based, with AEDs supposed to be placed at regular fixed distances, ranging from 200 to 2000 m. The second strategy was landmark-based, in which we tested placing AEDs at different well-known and easily located landmarks: district town halls, post offices, subway stations, bike-sharing stations (Velib') or pharmacies. This landmark-based strategy resulted in the shortest OHCA-to-AED distances for the same total number of AEDs deployed. Placing AEDs at the bike-sharing stations (Velib') was the most cost-effective option among different landmark locations (Table 1). More importantly, bike-sharing stations are regularly distributed throughout Paris, easy to locate and accessible at all hours, unlike schools and businesses, where the AEDs would not be accessible outside normal business hours [START_REF] Karam | Major regional differences in Automated External Defibrillator placement and Basic Life Support training in France: Further needs for coordinated implementation[END_REF][START_REF] Dahan | Optimization of automated external defibrillator deployment outdoors: An evidence-based approach[END_REF].

Other solutions to the difficulty in locating and obtaining AEDs have been proposed. Among them, the use of drones to deliver an AED to the site of an OHCA has been considered [START_REF] Pulver | Locating AED Enabled Medical Drones to Enhance Cardiac Arrest Response Times[END_REF]. Claesson et al. showed that this strategy is safe and efficacious, particularly in rural areas, where the drones arrived before the EMS in 93% of cases, with a mean saving of 19 minutes [START_REF] Claesson | Unmanned aerial vehicles (drones) in out-ofhospital-cardiac-arrest[END_REF]. Several cities have also developed the concept of dispatch-assisted defibrillation, in which a text message is sent requesting volunteers once an OHCA has occurred, specifying the location of the OHCA and the nearest AED.

Early experience in the Netherlands in 2013 showed a reduction in time to defibrillation of 2 minutes and 39 seconds compared with the EMS [START_REF] Zijlstra | Local lay rescuers with AEDs, alerted by text messages, contribute to early defibrillation in a Dutch outof-hospital cardiac arrest dispatch system[END_REF]. In France, several smartphone applications have also been developed to notify volunteers of the occurrence of an OHCA and the nearest AED location [START_REF] Derkenne | The use of trained volunteers in the response to out-of-hospital cardiac arrest -the GoodSAM experience[END_REF].

The effectiveness of these applications has yet to be assessed. Dispatch centres can also guide bystanders to locate the nearest AED. Guidelines recommend that AED registries providing the geographic location of AEDs are linked to dispatch centres as tools to refer callers to nearby AEDs. The guidelines also advocate that the dispatchers expand the role of bystanders into AED use [START_REF] Perkins | European Resuscitation Council Guidelines for Resuscitation 2015: Section 2. Adult basic life support and automated external defibrillation[END_REF]. In France, the exact number and locations of deployed AEDs are unknown. New legislation was issued in June 2018 recommending the creation of a national map of deployed AEDs, which could help the dispatchers to locate the nearest AED [START_REF]du 28 juin 2018 relative au défibrillateur cardiaque[END_REF]. Besides addressing the issue of AED location, this same law enforced the obligation to regularly maintain deployed AEDs.

Despite the absence of official numbers, several cases of failing AEDs identified during an OHCA have been reported worldwide, underlining the need for regular controls over those devices once placed.

Bystander-related issues and solutions

Besides the availability and accessibility of AEDs, the ability of bystanders to recognize an OHCA and their awareness of the need to initiate CPR and use an AED are other key factors that still need to be improved. American and European recommendations insist on the importance of promptly initiating the OHCA chain of survival, which involves immediate high-quality CPR and rapid defibrillation with an AED [START_REF] Neumar | American Heart Association Response to the 2015 Institute of Medicine Report on Strategies to Improve Cardiac Arrest Survival[END_REF][START_REF] Priori | ESC Guidelines for the management of patients with ventricular arrhythmias and the prevention of sudden cardiac death: The Task Force for the Management of Patients with Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death of the European Society of Cardiology (ESC). Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC)[END_REF]. 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 survival 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) [START_REF] Karam | Major regional differences in Automated External Defibrillator placement and Basic Life Support training in France: Further needs for coordinated implementation[END_REF].

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 [START_REF] Brooks | Public knowledge and confidence in the use of public access defibrillation[END_REF].

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 liability [START_REF] Smith | Barriers and facilitators to public access defibrillation in out-of-hospital cardiac arrest: a systematic review[END_REF].

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 [START_REF] Lubin | An assessment of public attitudes toward automated external defibrillators[END_REF].

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 the steps of its use once an OHCA has occurred. Regardless of whether the bystanders have never had BLS training or if this training was conducted long before the OHCA, dispatchers can still improve the rate of AED use before EMS arrival by reassuring the bystanders about the safety and practical aspects of AED use. Dispatchers should be aware of this responsibility, and trained in better recognizing an OHCA and guiding bystanders on the phone. Currently, the rate of referral of bystanders to the closest AED remains surprisingly low. In a Swedish study conducted in 2014, dispatch centres were provided with a tool to display AED locations and accessibility. Among OHCAs where an available AED was < 100 m away, dispatchers referred the callers to the AED in only 4.3% of cases, highlighting the need to further educate EMS dispatchers about their responsibility to increase the rate of AED use [START_REF] Fredman | Expanding the first link in the chain of survival -Experiences from dispatcher referral of callers to AED locations[END_REF].

Conclusions

Despite its major well-demonstrated benefit in improving survival rates after OHCA, the rate of AED use by OHCA bystanders remains extremely low, not exceeding 4% in France. Efforts are needed to improve the rate of AED use, including optimization of AED deployment, whether in terms of the number of AEDs deployed or the selection of AED location. This should be combined with large communication campaigns on OHCA, and wide-scale education of the public in BLS and AED use, to reduce the burden of OHCA. • Widescale population education to BLS

• EMS dispatcher counselling and guidance

  Abbreviations: AED, automated external defibrillator; BLS, basic life support; CPR, cardiopulmonary resuscitation; EMS, emergency medical services; OHCA, out-of-hospital sudden cardiac arrest.

  . 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 1, Central Illustration).

Figure 1 :

 1 Figure 1: Central illustration. The rate of AED use remains very low due to both AEDdeployment and bystanders-related issues. Several solutions can be envisaged, including the optimisation of AED deployment strategies, the use of drones, a better education of the population to BLS and a more poheminent role of EMS dispatcher in guiding bystanders to AED location and through AED use.

Figure 2 .

 2 Figure 2. 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 by early cardiopulmonary resuscitation (CPR), early defibrillation and early advanced care by emergency medical services and hospital personnel.

Figure 3 .

 3 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 km 2 and 13,866 per 100,000 inhabitants, respectively). Survival rate was highest in departments where AED density and the proportion of BLS-educated individuals were both above the median.

  

  

Table 1

 1 Median distance between an out-of-hospital cardiac arrest and the nearest automated external defibrillator, according to different deployment strategies[START_REF] Dahan | Optimization of automated external defibrillator deployment outdoors: An evidence-based approach[END_REF]. For an average walking speed of 1.4 m/s.

	Number	Median [IQR] distance	Median [IQR] round-trip
	of AEDs	to OHCA (m)	walking time (minutes)	a

AED: automated external defibrillator; IQR: interquartile range; OHCA: out-of-hospital cardiac arrest. a Solutions: • Optimizing AED number and locations • Use of drones • EMS dispatcher guidance to closest AEDs Solutions:
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