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A B S T R A C T

Objectives

This is a protocol for a Cochrane Review (intervention). The objectives are as follows:

To establish the e(ectiveness of di(erent methods of early AED application (non-dispatched layperson, dispatched layperson, dispatched
professional, drone delivery - all interventions) versus standard care (comparator) in adults who su(er a witnessed out-of-hospital cardiac
arrest in a public setting (population) upon outcomes of survival and neurological function.
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B A C K G R O U N D

Description of the condition

A cardiac arrest occurs when the heart stops pumping in an e(ective
manner to support blood flow around the body. It is the common
endpoint of any life-threatening condition. There are four heart
rhythms that occur in cardiac arrest. Two are the  “shockable”
rhythms of ventricular fibrillation (VF) and ventricular tachycardia
(VT). The other two  are  the “non-shockable” rhythms of asystole
and pulseless  electrical activity (PEA). "Out of hospital cardiac
arrest" (OOHCA) describes any cardiac arrest occurring outside of
the hospital setting.

OOHCA  remains a major public health problem worldwide with
significant mortality.  Worldwide, the incidence of cardiac arrest
is 55 per 100,000 person-years, which extrapolates to more than
4 million events annually (Berdowski  2019).  In the United States
alone, up to 460,000 people su(er a cardiac arrest annually,
either out-of-hospital or in the emergency department. Around
70%  of these arrests are related to coronary artery disease
and are, therefore, likely due to shockable  rhythms (Centers for
Disease Control and Prevention 2002) that may respond to prompt
defibrillation.

Furthermore, it has been observed that early defibrillation
with automatic external defibrillators  (AEDs) is associated with
improved rates of survival to hospital discharge, and that every
minute delayed increases the mortality risk by 10%  (Valenzuela
1997). The mechanism by which this e(ect may be generated is
described in the section below.

Despite increasing availability of defibrillators and public health
campaigns in many developed countries emphasising the
importance of cardio-pulmonary resuscitation (CPR), the survival
of all OOHCA remains poor, with only 8% of patients surviving to
hospital discharge. Within this population, patients presenting
with a shockable rhythm  fare considerably  better  with around
25% surviving to hospital discharge (Chan 2014).

Description of the intervention

Defibrillation (changing an abnormal rhythm to normal rhythm
using electricity) of a shockable rhythm with an AED can cardiovert
shockable rhythms (VT and VF) and restore sinus rhythm (which is
the normal natural rhythm of the heart).  Sinus rhythm is named
as such because it starts from the sino-atrial  node  (a part of
the heart which gives o( electrical rhythms). AEDs are machines
that can automatically detect abnormal rhythms if their pads
are placed  onto a patient without a pulse and prompt the
resuscitator to give a shock that is delivered with the press of
a single button. The machine automatically decides whether the
shock is needed by analysing the electrical rhythm and sets the
energy to be delivered automatically. The simplicity of the process
(applying  adhesive pads to the patient, turning the machine on,
pressing the shock button if prompted) means that they can be
used by lay people without the training required for more complex
manual defibrillation. In contrast, manual defibrillation requires
the resuscitator to identify the cardiac rhythm, decide on the shock
energy to be delivered, charge the device and then deliver the
shock.

However, an AED is  used only as a part of cardio-pulmonary
resuscitation which also involves chest compressions and artificial

ventilation. This is labelled by the Resuscitation Council UK as the
"chain of survival". An AED is an important part of CPR but should
not stop chest compressions and artificial ventilation continuing
throughout the period of pulseless  cardiac arrest because these
interventions preserve circulation to vital body organs when there
is minimal cardiac output (Sekhon 2017).

How the intervention might work

The mechanistic role of AEDs in restoring cardiac output

When a patient su(ers a cardiac arrest in a "shockable rhythm",
the most e(icient way to restore cardiac output is to stop the life-
threatening arrhythmia (VT or VF) and allow the resumption of
normal electrical function of the heart, known as sinus rhythm.
Whilst the pathophysiology  of these rhythm disturbances are
di(erent, the fastest method to restore sinus rhythm in both cases is
to apply a synchronised direct current stimulus of up to  360
Joules. This causes depolarisation of all the cardiac myocytes
(the heart muscle cells) simultaneously, allowing the heart's
intrinsic pacemaker, the sino-atrial node, to take over stimulation
again. The restoration of coordinated contraction will, in the right
circumstances, re-establish cardiac output.  A defibrillator is any
machine that can give the controlled direct current electric shock.

Until the invention of the automatic external defibrillator (AED),
defibrillation required an appropriately trained professional to
operate the machine. The possible problems from manual
defibrillation include giving an ine(ective shock by not using the
correct current or giving inappropriate shocks. At best, giving a
direct current shock to the heart inappropriately, for example,
in a non-shockable cardiac rhythm, will have no direct negative
e(ect on the heart aside from wasting unnecessary time between
chest compressions whilst the shock is delivered. At worst, an
inappropriate shock can convert pulseless electrical activity (a
non-shockable rhythm)  into VF, requiring further cardioversion
and  delaying treatment of the cardiac arrest. An AED has the
technology and the interface to guide a layperson through the
process of giving an appropriate electric shock and the correct
timing of shocks between chest compressions (Kitamura 2016).

Prompt defibrillation leads to higher survival rates

The natural history of shockable rhythms is to degenerate
into non-shockable rhythms  with associated poorer outcomes
and, therefore, earlier defibrillation has been shown to
improve outcomes of cardiac arrest. Patients arresting in a
shockable  rhythm have a limited time window in which to be
defibrillated. The longer a patient is leM without cardiac output,
with or without chest compressions, the longer the patient remains
hypoxic. Hypoxia and hypercapnia lead to a combined metabolic
and respiratory acidosis with electrolyte disturbances. Under these
circumstances, defibrillation of VT or VF to sinus rhythm does
not necessarily lead to a restoration of cardiac output due to
reduced contractility of the cardiac myocytes. Therefore, early
defibrillation of shockable rhythms can restore sinus rhythm before
the patient enters this spiral of hypoxia, acidosis and electrolyte
imbalance which are oMen not recoverable (Sekhon 2017).

This pathophysiological argument has been supported by
observational data. An observation study  in casinos (Valenzuela
1997) was instrumental in showing that time to external
defibrillation was inversely proportional to survival because the
timings of the cardiac arrest and the subsequent defibrillation were
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accurately recorded by security cameras.  This suggested  that for
every minute defibrillation is delayed, mortality risk increased by
10%. If defibrillation for a shockable rhythm was delivered within
three minutes, the survival rate was shown to be around 74%. This
tallied with data looking at implantable cardioverter defibrillators
(ICDs) which generally shock within 20 seconds, and are almost
completely successful in cardioverting shockable rhythms to sinus
rhythm (Bardy 1993). A recent observational study of over 4000
witnessed and public OOHCAs showed that a bystander-delivered
shock before the arrival of the emergency services was associated
with a greater than two-fold increase in the odds of favourable
functional survival (Pollack 2018). Therefore, it is well proven
that early defibrillation of shockable arrhythmias leads to better
survival.

Chest compressions are also important

As detailed above, chest compressions  are a vital part of
the response to any cardiac arrest. Good quality chest
compressions  are integral to  maintaining cerebrovascular
perfusion and therefore increasing the time window in which a
shock will lead to successful  resuscitation  in terms of favourable
cardiac and neurological outcomes. Without chest compressions,
the time window for successful defibrillation in a public place is very
narrow. This is supported by Sasson and colleague's 2010 review of
almost 142,000 cardiac arrests which showed that bystander CPR
improves survival from 3.9% to 16.1% (Sasson 2010).

Methods of achieving "early" defibrillation

As laid out above, early defibrillation improves survival of
shockable rhythms. In the developed world, most emergency
medical service  (EMS)  crews carry defibrillators on board and,
therefore, the limiting factor to defibrillation is the response time
of emergency service crews. Therefore, the interventions being
examined here are those that aim to bring and attach AEDs to the
patient before the EMS arrives.

There are  four methods that have been used to accomplish this:

1. AEDs are strategically placed in locations likely to have a cardiac
arrest (e.g. sports centres, shopping centres, airports, railway
stations, restaurants) and, in the event of a cardiac arrest, any
bystander can access and use the AED. In this case, a non-
assigned bystander uses the AED.

2. An "assigned volunteer" bystander near to the arrest is alerted
in some way (usually telephone, text message or smartphone
application) by the EMS operator or dispatcher. This volunteer
can access an AED and attend the cardiac arrest before the
traditional EMS.

3. A professional trained in CPR, but not a health professional
(for example, a firefighter, police o(icer or security guard) is
dispatched with an AED, and again can arrive earlier than the
EMS.

4. An AED is brought to the arrest site by a dispatched drone.

The common aim of these methods is to reduce the time taken to
attach an AED to an arrested patient and therefore to increase the
likelihood of successful resuscitation. Whilst the first three are fairly
well-established methods of early AED provision, the final method
of drone delivery is novel and promising, and therefore requires a
brief description of the method and its potential advantages.

When an emergency call is made, an EMS crew is dispatched as
normal, but a drone with an AED pre-attached is also dispatched
to the arrest scene. These drones can potentially travel at up to
70 km/hour (Claesson 2016). There are several positive points to
drone delivery aside from the obvious speed of delivery advantage
of travelling in a straight line without road tra(ic considerations.
Firstly, a lay responder may be able to interact with and receive
instructions from dispatchers (Sanfridsson 2019). Secondly, drone
delivery could be   e(ective in rural areas where it may not be
feasible to have fixed AEDs distributed in the same way as in cities
(Cheskes 2020). Thirdly, in rural areas where ambulance crews take
longer to arrive at cardiac arrests due to increased distances of
travel, drones can be located more strategically than ambulance
bases and reduce the time to providing an AED. In a feasibility
study, Claesson and colleagues showed that drone-delivered AEDs
arrived up to 19 minutes before the EMS in rural areas as opposed
to 1.5 minutes in urban areas (Claesson 2016). Modelling of optimal
drone base locations has shown exciting potential theoretical
improvements in median defibrillator arrival times to 2.7 minutes,
which clearly would have a huge potential impact on survival (Bogle
2019; Boutilier 2017). Finally, another potential advantage to drone
delivery is that the rescuer carrying out CPR does not have to
interrupt chest compressions to locate and retrieve an AED (Zègre-
Hemsey 2020), which could have survival implications beyond just
reduced time to defibrillation.

Why it is important to do this review

It is now accepted that Automatic External Defibrillators (AEDs), if
used promptly, can prevent sudden cardiac death. Therefore, these
devices have become commonplace in public and private spaces
in developed countries (Fredman 2018, Gri(is 2016). This practice
is supported by resuscitation guidelines worldwide. This expansion
has come at not inconsiderable financial outlay because each
defibrillator costs in the region of £1000  (Andersen 2019). As the
American Heart Association guidelines state (Kronick  2015), AEDs
should be placed "in public locations where there is a relatively
high likelihood of witnessed cardiac arrest (e.g. airports, casinos,
sports facilities)". The Resuscitation Council UK guidelines contain
a similar message promoting public access AEDs so that "someone
nearby [can]  use an AED to deliver the shock that may save a
life" (Perkins 2015).

However, it is not clear what the most e(icient method is of
delivering an AED to an arrested patient. There have been three
randomised controlled trials looking at public AED use and they are
very heterogeneous:

1. The Public Access Defibrillation (PAD) Trial (Hallstrom   2004):
In this trial, AEDs were placed in 993 public installations. In the
control arm, lay volunteers in the installations were trained in
CPR. In the treatment arm, lay volunteers were trained in CPR and
AEDs were supplied. The primary outcome measure was survival
of OOHCA to hospital discharge. The trial included both witnessed
and unwitnessed cardiac arrests. The trial did show an increase in
survival to hospital discharge in the control group, although the
result was very fragile: if one survivor had died in the treatment
arm, the result would have lost statistical significance.

2. Home Use of Automated External Defibrillators for Sudden Cardiac
Arrest (Bardy 2008): This trial enrolled 7001 patients who were at
high risk for sudden cardiac death but did not have implantable
ICDs in situ. In the control arm, cohabiters or carers were trained in
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CPR. In the treatment arm, carers or cohabiters were trained in CPR
and in the use of an AED, which was then supplied to the residence.
There were 117 deaths of which only 58 were witnessed, and only 14
shocks given. The trial showed no significant benefit to residential
AED supply in this group.

3. Use of Automated External Defibrillator by First Responders in
Witnessed Out of Hospital Cardiac Arrest: Prospective Controlled Trial
(Van Alem 2003): This trial compared areas randomly assigned to
trained but non-medical first responders (fire brigade or police
depending upon the district) equipped with AEDs to areas with
trained first responders without AEDs. The control and treatment
areas switched every four months. The trial showed no significant
di(erence in survival to hospital discharge between the arms.

There are two other ongoing trials that may also be of interest.
The first is assessing the use of a smartphone application to direct
dispatched lay volunteers to the nearest AED - The Scandinavian
AED and Mobile Bystander Activation Trial (NCT02992873). The
second is assessing the benefit of AED delivery by drone
(NCT04723368).

These trials all have issues that demonstrate the pitfalls of
assessing single randomised trials in this subject area. In the
Bardy trial, for instance, there were 117 cardiac arrests but only 58
were witnessed, and only 14 were shocked. This is commensurate
with other evidence about OOHCA - namely that arrests at home
are more likely to be non-shockable because they are oMen
unwitnessed and therefore shockable rhythms degenerate into
non-shockable rhythms. Furthermore, patients who arrest at home
are more likely to have multiple comorbidities that lead to non-
shockable rhythms. In contrast, arrests in public places are more
likely to be shockable rhythms due to the nature of the conditions
that cause them: the patients are well enough to leave the
house before su(ering, for example, an acute coronary syndrome.
The data supports this: 60% of witnessed, public OOHCAs are
shockable, whereas only 25% of residential cardiac arrests occur
with VF or VT as the initial recorded rhythm (Weisfeldt 2017).
Therefore, as a synthesis of these points, in order to test the
e(ectiveness of an AED intervention, it is most rigorous to examine
their e(ectiveness only in situations of witnessed cardiac arrest.

Similarly, the statistically insignificant result in the Van Alem trial
can largely be explained by  the slow  response time between the
two arms - the non-EMS responders (i.e. treatment group) arrived
on average just over 11 minutes aMer the witnessed arrest, and the
control group at almost 13 minutes. Even patients with shockable
rhythms who are not defibrillated for 12 minutes have only a 2%
to 5% chance of survival (AHA 2000) and, therefore, the number of
survivors was low and the intervention was not overly e(ective, and
certainly not enough for the sample size.

Therefore, the burden of proof for public access AEDs mainly falls
on large, non-randomised studies. These have been instrumental
in showing that AEDs, when applied by the public, can be used
safely, e(ectively, and with survival benefit. This has been shown in
numerous observational studies and, perhaps most convincingly,
in a recent meta-analysis (Holmberg 2017). Other Cochrane reviews
have focussed upon time to bystander CPR rather than time to
defibrillation (Barry 2019) or the method of chest compression
provision (Wang 2018). However, there is no consensus yet as to the
best way in which to supply AEDS to would-be resuscitators to make
use of their life-saving capabilities.

Furthermore, there has been theoretical discussion around
di(erent phases of cardiac arrest, and the relative importance
of CPR and AED use during these phases. As  Weisfeldt and
Becker laid out, the first few minutes of a cardiac arrest can
be described as the "electrical" phase, where defibrillation is
all-important (Weisfeldt  2002). In Valuenzela's 1997 study, those
who were defibrillated without prior CPR still had a 90% survival
rate  (Valenzuela 1997). Once an arrest moves beyond four
minutes, the arrest enters a "circulatory" phase where CPR is
necessary to maintain perfusion and remove toxic metabolites and
inflammatory compounds that result from prolonged ischaemia.
Subgroup analysis of the collected data could be very illuminating
in assessing this theory by determining  at what time point
defibrillation becomes dependent upon prior CPR. This will have
indirect theoretical implications in describing di(erent phases of
cardiac arrest in addition to providing evidence with practical
applications for how best to apply CPR and defibrillation at
di(erent time points in cardiac arrest.

Therefore, this meta-analysis will assess the survival rates
to hospital discharge, functional survivor status, and cost-
e(ectiveness of the di(erent strategies of early AED provision
to witnessed cardiac arrests. It will synthesise the findings from
randomised controlled trials, and will compare the four main
methods of early AED provision with standard care, where the first
AED is brought by the EMS. An important subgroup analysis will
be between defibrillation success rate by time, with and without
prior CPR. The hope is that these conclusions will help public health
decision-makers to utilise AED resources in the most e(icient way.

O B J E C T I V E S

To establish the e(ectiveness of di(erent methods of early  AED
application (non-dispatched layperson, dispatched layperson,
dispatched professional, drone delivery - all interventions) versus
standard care (comparator) in adults who su(er a witnessed out-
of-hospital cardiac arrest in a public setting (population) upon
outcomes of survival and neurological function.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include randomised controlled trials (RCTs) and cluster-
RCTs for the main statistical analysis.

Studies included will be those reported as full text, published as
abstract only, and unpublished data.

Cross-over trials will be included because the intervention does
not have a washout period or e(ect aMer cross-over. Period e(ects
are unlikely in these trials due to the stable frequency of cardiac
arrests.

We will not include non-randomised trials due to potential
confounding.

Types of participants

This review will include patients in randomised studies assessing
the e(ectiveness of early AED provision in an out-of-hospital arrest
setting.
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Inclusion criteria:

1. Patients who su(er a witnessed public OOHCA

2. Patients aged 18 years and above

Exclusion criteria:

1. Patients with implanted ICDs (Implanted Cardioverter
Defibrillators)

2. Cardiac arrest in a non-public location including private
residences

3. Arrest witnessed by EMS

We will only include trials with participants under the age of 18
yearsor with ICDs if they include a subset of eligible participants and
then only if separate data for the eligible participants are available
or if more than 80% of the patients are eligible.

Types of interventions

We will include studies comparing di(erent methods of early AED
provision for treatment of witnessed out of hospital cardiac arrests
(intervention) versus standard care (control).

Comparisons (method of AED application):

1. AED applied by non-dispatched lay responders (e.g. people who
witness an arrest and use a nearby AED) versus standard care
(control)

2. AED applied by dispatched lay responders (e.g. lay volunteers
who are summoned via telephone, text message and know the
location of an AED) versus standard care (control)

3. AED applied by dispatched professional but non-medical first
responders (e.g. security guards, police o(icers, firefighters)
versus standard care (control)

4. Drone-delivered AED used by non-dispatched lay responders
(e.g. people who witness an arrest and use the delivered AED)
versus standard care (control)

Definition of control (standard care)

Standard care is defined as any case where the first access to
a defibrillator occurs when it is brought  by a trained healthcare
professional (usually emergency medical services).

The primary outcome will measure these methods individually and
pooled versus the standard care comparator.

Types of outcome measures

Reporting one or more of the outcomes listed here in the trial is
not an inclusion criterion for the review. Where a published report
does not appear to report one of these outcomes, we will access the
trial protocol and contact the trial authors to ascertain whether the
outcomes were measured but not reported. Relevant trials which
measured these outcomes but did not report the data at all, or not
in a usable format, will be included in the review as part of the
narrative. For all outcomes, we will use the trial results at longest
follow-up.

Specifically, with regards to neurological outcome, there is
significant  heterogeneity of outcomes scores reported in the
various studies. The primary outcome measure for neurological
recovery will be “discharge with favourable neurological outcome”
as measured by a Cerebral Performance Category (CPC) score of

less than or equal to 2, or a modified Rankin score (mRS) of less than
or equal to 3 (Safar 1981; Saver 2010). It has previously been shown
that there is fair correlation between these scores (Rittenberger
2011). 

If another scoring system is used in a study, then two authors will
map the scores into this system based upon available data. For
example, in the PAD trial. those with “mild” disability are defined
as having “su(icient cerebral function for part-time work in a
sheltered environment or independent activities of daily life” which
approximates to a CPC score of 2 (“su(icient cerebral function for
independent activities of daily life [and] able to work in sheltered
environment”). Therefore, those with a score of “mild” disability in
this trial would be classed as “discharged with good neurological
outcome” because the “mild” score can be mapped to a CPC
score of 2. If there is not enough information to convert the trial
neurological outcome data to either the CPC or the mRS score,
then data will be described narratively in the neurological outcome
section.

If both the mRS and CPC are reported, and do not place the patient
in the same category of "discharge with favourable neurological
outcome", then the mRS will take precedence in the hierarchy of
outcomes.

Primary outcomes

1. Survival to hospital discharge

2. Favourable neurological function at longest available follow-up.
Please see above for a description of how this is defined.

Secondary outcomes

1. Cost-e(ectiveness of each method of early AED provision

2. Median time from arrest to first shock or rhythm assessment

3. Proportion of patients with return of spontaneous circulation
(ROSC) aMer cardiac arrest

The cost-e(ectiveness of each intervention will be described
as a brief economic commentary rather than an integrated full
systematic review of economic evidence. We will focus on the
incremental benefit of each method of early AED provision, divided
by the incremental cost above standard care. Using this, we will
calculate the cost per additional life saved (if applicable) and
quality-adjusted life years (QALYs) examining neurological data.

In the largest single trial (PAD), the average age of cardiac arrest
was 69.8 years. This means that there is a potential for, on average,
a decade of further life in resuscitated survivors, or a decade of
high care costs if a survivor has a poor neurological outcome that
could have been ameliorated by earlier AED provision. However,
early AED provision is a costly exercise as it involves training large
numbers of volunteers or professionals, and/or providing a high
density of publicly accessible AEDs. Therefore, we believe that an
economic evaluation of the di(erent methods of AED provision is
important and could a(ect policy decisions in future.

Search methods for identification of studies

Electronic searches

We will identify trials through systematic searches of the following
bibliographic databases:
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• Cochrane Central Register of Controlled Trials (CENTRAL) in the
Cochrane Library

• MEDLINE (Ovid, from 1946 onwards)

• Embase (Ovid, from 1980 onwards)

• CPCI-S (Conference Proceedings Citation Index-Science ) Web of
Science (Clarivate Analytics,  from 1990 onwards)

The preliminary search strategy for MEDLINE (Ovid) (Appendix 1)
will be adapted for use in the other databases. The Cochrane
sensitivity-maximising RCT filter (Lefebvre 2019) will be applied to
MEDLINE (Ovid) and adaptations of it to the other databases, except
CENTRAL.

We will also conduct a search of ClinicalTrials.gov
(www.ClinicalTrials.gov), the ISRCTN registry (International
Standard Randomised Controlled Trial Number) (www.isrctn.com/)
and the WHO International Clinical Trials Registry Platform
(ICTRP) Search Portal (apps.who.int/trialsearch/) for ongoing or
unpublished trials. We will contact authors of unpublished trials.

We will search all databases from their inception to the present,
and we will impose no restriction on language of publication or
publication status.

Searching other resources

We will check reference lists of all included studies and any relevant
systematic reviews identified for additional references to trials. We
will also examine any relevant retraction statements and errata for
included studies.

We will be  contacting authors for missing data and will contact
authors of ongoing trials by email.

Data collection and analysis

All the identified abstracts and articles from the databases will be
imported to Covidence soMware for referencing and screening.

Selection of studies

Two review authors (HB, CB) will independently screen titles and
abstracts for inclusion of all the potential studies we identify as
a result of the search. If there are any disagreements, a third
author will be asked to arbitrate (HV). We will retrieve the full-
text study reports/publication and two review authors (MA, AT) will
independently screen the full-text and identify studies for inclusion,
and identify and record reasons for exclusion of the ineligible
studies. We will resolve any disagreement through discussion or, if
required, we will consult a third person (HV). We will identify and
exclude duplicates and collate multiple reports of the same study
so that each study rather than each report is the unit of interest in
the review. We will record the selection process in su(icient detail to
complete a PRISMA flow diagram and 'Characteristics of excluded
studies' table (Liberati 2009).

Data extraction and management

We will use a data collection form for study characteristics and
outcome data which has been piloted on at least one study
in the review. One review author (HB, MW) will extract study
characteristics from the included studies. We will extract the
following study characteristics.

1. Methods: author, year of publication, country of publication, the
study design, the number of centres taking part

2. Participants: If randomised: N randomised, how they
were randomised (allocation random, allocation sequence
concealed), baseline di(erences between intervention groups,
were participants aware of intervention, were carers aware of
intervention, deviations from outcome due to trial context, were
these deviations in both groups, what analysis done to estimate
the e(ect of assignment to intervention

3. N lost to follow-up/withdrawn, N analysed, mean age, age range,
gender, inclusion criteria, and exclusion criteria

4. Interventions: intervention, comparison

5. Baseline characteristics of participants including age, number
of males and females, smoking status, hypertension, diabetes
mellitus, high cholesterol, history of Cardiovascular Disease
(CVD), history of previous reduced LV function, previous stroke,
previous coronary artery bypass graM surgery, previous history
of Atrial Fibrillation (AF), baseline lung function, previous
Percutaneous Intervention (PCI),  body mass index, New York
Heart Association (NYHA) class, CPR pre-arrest (Y/N) and on
scene AED (Y/N), and time from arrest to shock. For the public
CPR performers, we will collect data on age, sex, employment
status, relationship to patient, dispatched lay responders, non-
dispatched lay responders and   dispatched professional but
non-medical first responders.

6. Outcomes: primary and secondary outcomes specified
and collection, time points, measurement  methods and
thresholds reported. We will also specifically look at the amount
of missing data.

7. Notes: funding for trial, and notable conflicts of interest of trial
authors

Two review authors (CB, GA) will independently extract outcome
data from included studies. We will resolve disagreements by
consensus or by involving a third person (MA). One review author
(MA) will transfer data into the Review Manager (Revman Web
2020) file. We will double-check that data are entered correctly by
comparing the data presented in the systematic review with the
data extraction form. A second review author (AT) will spot-check
study characteristics for accuracy against the trial report. We will
contact the authors of the trials by email to ask for the data, if they
have not been reported su(iciently in the publication.

Assessment of risk of bias in included studies

Two review authors (HB/CB) will independently assess risk of bias
for each study using version two of the Cochrane risk of bias tool
(RoB2), outlined in the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2019c). We will resolve any disagreements
by discussion or by involving another author (AT).

Our e(ect of interest is the e(ect of assignment to the interventions
at baseline, regardless of whether the interventions are received as
intended. The rationale for using intention-to-treat analysis is that
this review is examining health system level policy regarding the
e(ectiveness of di(erent methods  of AED delivery. Therefore, the
conclusions of this review should be applicable in recommending
policy for a health system rather than individual patient treatment
decisions and intention-to-treat analysis fits more closely with this
aim.
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The risk of bias of specific results of a trial will be assessed according
to the following domains:

1. bias arising from the randomisation process;

2. bias due to deviations from intended interventions;

3. bias due to missing outcome data;

4. bias in measurement of the outcome; and

5. bias in selection of the reported result.

We will assess the risk of bias for the following outcomes of the
included studies that will be included in our Summary of Findings
table by utilising:

1. a series of ‘signalling questions’ (answers can be Yes, Probably
Yes, Probably No, No and No information) regarding the above
risk of bias domains

2. a judgement regarding risk of bias for the domain, using the ROB
2 algorithm which will map responses to the signalling questions
to proposed judgements

3. free text boxes to justify responses to the signalling questions
and the risk of bias judgements

4. the prediction option to give a predicted risk of bias

We will use this to give an overall risk of bias for the outcome which
can be categorised as low risk of bias, some concerns and high risk
of bias. The outcomes we will be looking at will be:

1. Survival to hospital discharge

2. Favourable functional neurological status at longest available
follow-up

3. Median time from arrest to first shock or rhythm assessment

4. Proportion of patients with return of spontaneous circulation
(ROSC) aMer cardiac arrest

We will be using the ROB Excel tool to carry out our assessments
[ROB Excel Tool]. Due to the large amount of data generated by
the ROB 2 tool, we will be unable to list all of this in the full
review apart from a ROB 2 table reporting an overall risk of bias.
We will, however, list all the consensus decisions for the signalling
questions in supplemental data files.

We will use the RoB 2 variant for cluster-RCTs (https://
sites.google.com/site/riskofbiastool/welcome/rob-2-0-tool/rob-2-
for-cluster-randomized-trials?authuser=0)  and  use the guidance
in the Cochrane Handbook (version 6) chapter 23, section 23.1.2
(Higgins 2021) and Table 23.1.a.

We will   use the RoB 2 variant for cross-
over RCTs (https://sites.google.com/site/riskofbiastool/welcome/
rob-2-0-tool/rob-2-for-crossover-trials) and use guidance in the
Cochrane Handbook  (version 6) chapter 23 (Higgins 2021) to
help answer the signalling questions.

Measures of treatment e�ect

Dichotomous data will be analysed as risk ratios with 95%
confidence intervals and continuous data as mean di(erence or
standardised mean di(erence with 95% confidence intervals.  We
will analyse continuous data as mean di(erence (MD) with 95%
CIs, provided the studies have all used the same tool to measure
the outcome. If studies have used di(erent tools to measure
an outcome (such as neurological outcome), we will use the

standardised mean di(erence (SMD) with 95% CIs instead. For SMD,
we will use Hedges’ (adjusted)  g which uses a pooled SD in the
denominator of its calculation  (Higgins 2020a). This pooled SD
is an estimate of the SD using outcome data from the intervention
groups, based on the assumption that the SDs in the two groups are
similar. An SMD less than 0.2 will be interpreted as trivial, between
0.2 and 0.5 as small, between 0.5 and 0.8 as medium, and greater
than 0.8 as large (Cohen 1988).

Data presented as a scale will be presented with a consistent
direction of e(ect. The one-half standard deviation will be the
benchmark of an outcome measure and a patient whose outcomes
improve more than one-half of the outcome score's standard
deviation will be classed as having achieved a minimal clinically
important di(erence (Norman 2004).

In the case of  continuous data provided as a mean di(erence or
change from baseline, data will be extracted on both change from
baseline and post-intervention outcomes if the required means
and SDs are available, but mean di(erence will be preferred. The
advantage of using an MD is that it allows the possibility of
combining end of follow-up data with change from baseline data,
if reported by di(erent studies. This contrasts with the SMD, where
this cannot be done.

Skewed data will be narratively reported as medians and
interquartile ranges (Higgins 2019a).

Unit of analysis issues

Multi-arm, cluster and cross-over RCTs will be included. Unit
of analysis errors in cluster-randomised trials will be overcome
by  conducting the analysis at the same level as the allocation.
The  data will be analysed considering  each cluster as  a unit of
analysis.  However, for cluster-RCTs in which the unit of analysis
is not reported,  we will calculate the e(ective sample size  using
an ICC (Higgins 2020b). Cluster-randomised trials will be combined
with individually randomised trials in the same meta-analysis.

If trials are included that could contribute multiple, correlated
comparisons with multiple treatment arms, the groups will be
combined to create a single pairwise comparison for analysis.

For a hierarchy of outcomes, please see the Types of outcome
measures section above.

With regard to multiple observations on patients, the longest
follow-up from each study will be included. However, this
could cause  a lack of consistency across studies, giving rise to
heterogeneity.

For cross-over trials, data will be analysed from all study periods as
there is unlikely to be a cross-over e(ect from this intervention.

Dealing with missing data

We will contact investigators or study sponsors in order to verify
key study characteristics and obtain missing numerical outcome
data where possible (e.g. when a study is identified as abstract
only). Where possible, the Revman Excel tool will be used (https://
training.cochrane.org/resource/revman-calculator)  to calculate
missing standard deviations using other data from the trial, such as
confidence intervals, based on methods outlined in the Cochrane
Handbook (Higgins 2019b). Where this is not possible, and the
missing data are thought to introduce serious bias, we will explore
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the impact of including such studies in the overall assessment of
results by a sensitivity analysis.

Assessment of heterogeneity

Forest plots will be inspected visually to consider the direction and
magnitude of e(ects and the degree of overlap between confidence
intervals. We will use the I2 statistic to measure heterogeneity
among the trials in each analysis, but acknowledge that there is
substantial uncertainty in the value of I2 when there are  only a
small number of studies; we will also consider the P value from
the Chi2 test  (P < 0.05). If we identify substantial or considerable
heterogeneity (indicated by an I2 value greater than 50%), it
will be reported and the authors will explore possible causes by
prespecified subgroup analysis. The following boundaries will be
used for I2:

• 0% to 40%: might not be important

• 30% to 60%: may represent moderate heterogeneity

• 50% to 90%: may represent substantial heterogeneity

• 75% to 100%: considerable heterogeneity.

Assessment of reporting biases

If more than 10 trials are pooled, a funnel plot will be created
to explore possible small study biases for the primary outcomes
(Egger 1997). It should be noted that if fewer than ten trials are
included,  the power of the tests is too low to distinguish chance
variation from real asymmetry (Higgins 2019a).

Data synthesis

Meta-analyses will only be undertaken when it could be
meaningful, for example, if the treatments, participants and the
underlying clinical question are similar enough for pooling be
appropriate. All studies will be included in the primary analysis and
to assess the potential e(ects of studies at high risk or high risk/
some concerns, sensitivity analyses will be performed.

Cross-over RCTs, parallel-group RCTs and cluster-RCTs will be
included. An analysis would be precluded in cross-over trials if
we managed to find significant period e(ects such as a significant
di(erence in frequency of cardiac arrests before and aMer cross-
over. In that case, we would use only the first period before cross-
over. We will identify cluster-randomised trials and explicitly state
how we have dealt with the data.

A random-e(ects model will be used due to the high probability of
heterogeneity in the RCTs that will be included in this review.

If a meta-analysis is not possible, then data will be presented
narratively using the nine-point checklist in the new SWIM
guidance. Using this, studies will be grouped by intervention and
vote-counting will be used based on the direction of e(ect. In
addition, characteristics such as study design, sample sizes and
risk of bias will be presented. Synthesis findings will be reported
describing the contribution and limitations of each synthesis
(Campbell 2020).

Subgroup analysis and investigation of heterogeneity

We plan to carry out the following subgroup analyses:

1. Primary outcome measures by presenting rhythm:  shockable
(VF/VT) versus  non-shockable (PEA/asystole) as first rhythm.

This will assess to what extent the e(ectiveness of AEDs is driven
by the presenting rhythm and hence by the population that the
studies are based within.

2. Primary outcome measures by time (0-4 minutes, 4-10 minutes,
> 10 minutes) to first shock (further broken down by CPR versus
no CPR for each time category).  The rationale for this is to
examine whether there is any evidence to support the three-
phase model for e(ective defibrillation, and whether CPR before
defibrillation has di(erent levels of e(icacy during the di(erent
phases (Weisfeldt 2002).

3. CPR versus no CPR before defibrillation - linked to above.

We will use the formal test for subgroup di(erences in Review
Manager (Review Manager 2014), and base our interpretation

on this. The I2 statistic will also be computed for subgroup
di(erences. We will undertake a standard test for heterogeneity
across subgroup results instead of individual study results. We
will consider the P value from the test to look for a statistically
significant subgroup di(erence. This test assesses the di(erence
between the pooled e(ect estimates for each subgroup. A P value
for this test of less than 0.1 would indicate a statistically significant
subgroup e(ect.

Sensitivity analysis

We plan to carry out the following sensitivity analyses, to test
whether key methodological factors or decisions have a(ected the
main result:

1. Assessment of the e(ect of studies with low risk of bias
compared to pooling all studies. This will help to contribute to
the decision to include studies with some risk of bias or high risk
of bias in the overall model.

2. We will examine a fixed-e(ect model in addition to our
prespecified random-e(ects model.

3. We plan to explore the impact of missing data. If we identify
studies with missing data that were unobtainable, we will repeat
the analyses excluding them to find their impact on the primary
analyses.

4. Excluding cluster-randomised trials from our analysis

Summary of findings and assessment of the certainty of the
evidence

Summary of findings tables will be created using the following
outcomes:

1. Survival to hospital discharge

2. Favourable functional neurological status at longest available
follow-up

3. Median time from arrest to first shock or rhythm assessment

4. Proportion of patients with return of spontaneous circulation
(ROSC) aMer cardiac arrest

The five GRADE considerations (study limitations, consistency of
e(ect, imprecision, indirectness and publication bias) will be used
to assess the certainty of a body of evidence as it relates to
the studies which contribute data to the meta-analyses for the
prespecified outcomes. We will use the overall ROB 2 judgement
to feed into GRADE.  A GRADE table will be created by GRADEpro
soMware  (GRADEpro GDT 2015). We will justify all decisions to
downgrade the certainty of studies using footnotes and we will
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make comments to aid readers' understanding of the review, where
necessary (Schünemann 2019).

Judgements about evidence certainty will be made by two review
authors (GA, MW) working independently, with disagreements
resolved by discussion or involving a third author (MA). Judgements
will be justified, documented and incorporated into reporting of
results for each outcome.
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A P P E N D I C E S

Appendix 1. Preliminary MEDLINE (Ovid) search strategy

1     Defibrillators/ (1828)
2     ((Automatic or automated or external) adj3 defibrillator*).tw. (3347)
3     (AED or AEDs).tw. (9238)
4     (early adj3 defibrillat*).tw. (561)
5     1 or 2 or 3 or 4 (12912)
6     heart arrest/ or out-of-hospital cardiac arrest/ (33272)
7     (OOHCA or OHCA).tw. (2631)
8     Cardiac arrest*.tw. (34287)
9     cardiopulmonary arrest*.tw. (2387)
10     Heart arrest*.tw. (640)
11     Heart attack*.tw. (5524)
12     6 or 7 or 8 or 9 or 10 or 11 (55915)
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13     5 and 12 (2222)
14     randomized controlled trial.pt. (510864)
15     controlled clinical trial.pt. (93789)
16     randomized.ab. (488116)
17     placebo.ab. (209911)
18     drug therapy.fs. (2225413)
19     randomly.ab. (338309)
20     trial.ab. (514955)
21     groups.ab. (2076966)
22     14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 (4763732)
23     exp animals/ not humans.sh. (4723792)
24     22 not 23 (4134340)
25     13 and 24 (371)
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