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Abstract/Introduction
Sudden cardiac arrest accounts for some 250,000 to 500,000
deaths annually in the United States.  Most cardiac arrests
occur before the victim can reach a hospital and only 1% to
5% of these patients survive.  Ventricular tachycardia (VT)
and ventricular fibrillation (VF) are the most common
arrhythmias and defibrillation is the only means of reversing
these rhythms.1 This can be accomplished with manual
defibrillators or an automated external defibrillator (AED).
The probability of successful defibrillation decreases over
time as the heart becomes depleted of nutrients.  Figure 1
shows the chance of success is reduced 10% for each minute
the patient remains in ventricular fibrillation.    

The American Heart Association (AHA) chain of survival is
a sequence to promote improved survival after cardiac
arrest.  It involves rapid access to emergency medical servic-
es (EMS) by calling 911, prompt cardiopulmonary resuscita-
tion (CPR), early defibrillation and early initiation of
advanced cardiac care (fig. 2).  Despite evidence showing
early defibrillation improves survival many communities
have poor survival rates because of long response times of
local emergency medical services (EMS).4 The rate of sur-
vival was as low as 2% in Chicago and 1.4% in New York
City.5,6 The AHA promotes the concept of public access
defibrillation (PAD) in an attempt to shorten time between
collapse and defibrillation.7 Since early defibrillation is the
most important intervention, public access defibrillation
with an AED would be expected to improve outcomes.  This

paper focus is a review of AED's including effectiveness, safe-
ty, cost benefits and legal issues related to lay public use.

Automated External Defibrillator (AED)
AED’s were introduced for clinical use in 1979.8 They have
an advantage of being light (weighing from 2.1-5.2 kilo-
grams) and portable.1 They have microprocessors that ana-
lyze the patient’s heart rhythm and are programmed to iden-
tify VF and monomorphic or polymorphic VT.  AED’s only
deliver nonsynchronized shocks; they do not perform syn-
chronized shocks (i.e. cardioversion for VT with pulses).
Based on this interpretation the AED will decide if a shock is
needed.  They can be used by the lay public since the rescuer
does not have to interpret a rhythm.  They are battery oper-
ated and voice commands prompt the rescuer in its operation
once the power button is turned on.  It will notify the rescuer
to apply the electrode pads (which are clearly marked where
to place on the victim), it will then analyze the rhythm and
inform the rescuer if a shock is advised.  The AED will
charge itself to a preset energy and once charged the rescuer
will be notified to stay clear and depress the shock button.
Following these steps it will advise the rescuer to re-start
CPR.  The AED will re-analyze the rhythm after two more
minutes of CPR and advise if another shock is indicated.
This cycle will continue until the patient is resuscitated or
until EMS arrive and take over.  Most models of AED’s do
not have an electrocardiogram display so the rescuer cannot
see the victims rhythm but printouts of the rhythm can be
obtained from any AED model.  The latest models are able
to deliver biphasic shocks but up until now were pro-
grammed to deliver three stacked shocks.  They can be re-
programmed in order to comply with the 2005 Advanced
Cardiac Life Support updates.9

Availability can be anywhere; schools, shopping malls, 
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Figure 1. Resuscitation success versus time.2

Figure 2. AHA chain of survival.3
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airports, casinos, nursing homes, hospitals in areas away
from the emergency department or intensive care units, first
responders such as police and firefighters and even on golf
courses.  AED presence in the public sector would be
expected to decrease response times for cardiac arrest vic-
tims.  Public access defibrillation is supported by the
American Heart Association, the American Red Cross, and
the American Safety and Health Institute and all three have
AED training courses.10,11,12 The Occupational Safety and
Health Administration strongly encourage use of AED's in
the workplace.13 They are easy to learn how to use as
demonstrated in a study of sixth grade children who learned
to operate them successfully.14

Evidence Supporting AED Use
The Public Access to Defibrillation Trial involved 19,000
volunteer responders in 993 community units in 24 North
American regions from 2000 to 2003.  Sixteen hundred
AED's were deployed mostly in recreational facilities and
shopping malls.  Approximately half of the cardiac arrests
were VT or VF.  Results showed 30 of 128 patients (23%)
survived with CPR and AED availability versus 15 of 107
(14%) in communities with only CPR access.  Shocks were
delivered with PAD in 34% of the CPR plus AED group.15

In a study by U.S. Airline flight attendants 1997-1999,
AED's were applied to 200 persons.  VF was documented in
fourteen cases, a shock was delivered in thirteen, and all
were successful (one shock withheld at the family's request).
Survival with full neurologic recovery occurred in six of the
14 patients with VF.  The AED was applied to a large num-
ber of patients not in cardiac arrest accounting for the low
incidence of VF.16 A study of bystander AED use in three
Chicago airports with twenty one cases of cardiac arrest,
eighteen cases of VF were appropriately shocked with
eleven (61%) surviving to discharge.17 Results of outcomes
in gambling casinos with AED use were also very favorable.
Of 148 cardiac arrests, 71% had VF (not documented if any
cases were VT).  CPR was administered before arrival of the
AED in 54% of the VF patients.  The mean time to AED
arrival was 4.4 minutes and survival to hospital discharge
was 53% for all VF patients.  Of interest no patient with a
non VF rhythm survived to discharge.18

A strategy that may employ faster defibrillation to victims
of cardiac arrest is to equip law enforcement with AED's.
In some communities police often arrive on the scene of
medical emergencies before local EMS providers.  From
Miami-Dade County, Florida, police equipped AED (P-
AED) resulted in a 17% survival for VF compared with a
9% survival for standard EMS before P-AED implementa-
tion.19 A study from Pittsburgh demonstrated an improved
survival to discharge from 6% to 14% with the addition of
P-AED.  When the police arrived first 26% survived vs. 3%
when EMS arrived first.20 Two studies of P-AED did not
show benefit.  An Indiana study of P-AED did not demon-
strate improved survival but police only responded prior to

EMS in 6.7% of cases.21 Sayre et al reported no improve-
ment in survival to hospital discharge with P-AED compared
to fire department first response in an urban area.  An inter-
vention group consisted of one police district trained and
equipped with AED's and dispatched at the same time as
EMS.  A control group represented three other police dis-
tricts not equipped with AED's.  EMS was dispatched with-
out police officers in the control districts.   The survival to
discharge for VT/VF rhythms was 4/27 (15%) for the inter-
vention group (P-AED) and 9/73 (12%) for the control
group (no P-AED).  The police only arrived before EMS in
14 of 154 (9%) cardiac arrests in the intervention group.
VF was present in only 5 of the 14 cases and none of those
cases survived to hospital discharge.  A survey of police offi-
cers from this study indicated 54% were concerned about
legal action for using an AED incorrectly and some did not
view responding to a cardiac arrest their responsibility.  The
less favorable outcomes in the latter two studies are likely
due to the low incidence of law enforcement arriving first to
the scene of a medical emergency.22

AED use is not limited to out of hospital.  While resuscita-
tion rates in coronary care units approach 90%, the success
on medical and surgical wards is poor.  This likely relates to
a delay between onset of VF and time to first shock.23, 24 One
would intuit that AED presence in non critical care areas
would improve survival rates for in hospital cardiac arrest.
Two studies of AED use for in hospital cardiac arrest in non
monitored areas showed favorable results with survival to
discharge for VF/VT rhythms of 47% and 56%.25,26 To date
there has been no prospective randomized trial with in hos-
pital AED's versus manual defibrillators.

Safety of AED's
Shocking a heart can be an intimidating procedure.  The safe-
ty of AED's is a critical issue to the lay public.  A perform-
ance and error analysis of AED use in the out of hospital set-
ting found 132 errors in 3,448 AED rhythms.27 Only two
patients were inappropriately shocked.  One was a ventricu-
lar paced rhythm with pronounced interventricular conduc-
tion delay simulating VT at a rate of 220 beats/min., the
other was an atrial tachycardia of 180 beats/min. with ven-
tricular asystole.  The other 130 errors were due to the AED
not shocking when indicated.  Fifty-five (42%) of the 130
errors were AED dependent, 70 (54%) were operator
dependent, five (4%) were unclassified.   Examples of
machine failure included the presence of a pacemaker, fine
VF, rate too slow, and the rhythm was mistaken for another.
Operator errors included turning the machine off before the
analysis was completed, performing CPR or other movement
while analyzing, and radiofrequency interference.  Of the
3,448 cases, 685 were assessed to have a shockable rhythm
producing a sensitivity of 81% (67% for fine VF and 90%
for coarse VF), and a specificity of 99.9%.27 This study was
undertaken from 1995-1997 so perhaps the AED's of today
may perform better.  Two other earlier studies showed 
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similar sensitivities and specifici-
ties.28,29 The Public Access to
Defibrillation Trial had no clini-
cally significant harm from the
deployment of 46 shocks by the
lay public.15

Case Presentation  
A 60-year-old male with a known
cardiomyopathy collapsed in a
rural community church during a
Sunday service and was found to
have no pulse.  CPR was initiated.
A voluntary medic crew was
across the road having their yearly
chicken barbeque.  Someone from
the church summoned this crew
and they brought their AED into
the church.  The AED was con-
nected to the patient, it advised a
shock and the patient was immedi-
ately resuscitated.  The patient was transported to hospital
where he had an automated implantable cardiac defibrillator
inserted and is doing well since.  This patient was fortunate
an AED was immediately available because the medic crew
that was dispatched could not find the church.  Figure 3
shows a print out of his AED rhythm.  One can see it took
the AED about five seconds to analyze the rhythm, eight sec-
onds to charge, there was a 3 second delay in sending the
shock presumably the time it took the operator to depress
the shock button.  The shock was successful in terminating
the rhythm although he did have some ectopic beats after.
The whole process on these rhythm strips took 30 seconds.

Cost Benefit
AED's range in cost from $895 to $3,000 although one can
purchase a refurbished AED for under $600.  Despite the
abundant evidence supporting its use there are concerns
about its cost benefit.  The Chicago airports study estimated
the cost per life saved to be $7,000.17 A study by Forrer et
al looking at the cost effectiveness of a seven year police
AED program estimated the cost per life saved with P-AED
to vary between $23,542 and $70,342 per life saved.30 An
analysis of public funding of AED's in major airports, rail-
way and bus stations in Scotland estimated the cost per qual-
ity adjusted life year gained was $68,924.  This study did not
actually use AED's.  They estimated these costs based on
having 31 AED's in 17 locations with 38 cardiac arrests in
those locations over a seven year time frame.  There calcula-
tions were based on a number of assumptions including a
marginal increase per year in survival with AED's of 2% for
all cardiac arrests and an additional 5.7 life years per sur-
vivor.  The authors concluded that placement of AED's in
these locations would not be a cost effective method of

improving survival from cardiac arrest.31 Nichol et al com-
pared the potential cost effectiveness of standard EMS with
that of EMS supplemented with PAD.  PAD by lay rescuers
had a mean incremental cost of $44,000 per quality adjusted
life year saved.  PAD by police was $27,200 per quality
adjusted life year saved.32 Another study is underway to eval-
uate the economic impact of the Public Access Defibrillation
Trial which showed improved survival in communities with
lay rescuer defibrillation.  The goal of this study is to demon-
strate whether defibrillation by lay responders improves out-
comes at a reasonable cost.33

Certainly the cost benefit is going to be determined by the
amount of use of the defibrillator.  The AHA guidelines in
2000 recommended PAD in areas where response times for
EMS could not reliably be under 5 minutes, and where there
exists a reasonable probability of at least one sudden cardiac
arrest per thousand person years.34 Becker et al reported a
study on public locations of cardiac arrest.  Of 1,130 arrests
in public locations, placement of 276 AED's in the 172 high-
er incidence sites would provide treatment for 134 cardiac
arrest patients in a five year period with 60% in VF.  They
estimated between eight and 32 lives could be saved in five
years.  To cover the remaining cardiac arrests in lower inci-
dence sites, defibrillators would have to be placed in 71,000
locations.  Cost effectiveness was not reported but they con-
cluded that PAD should only be employed in locations with
a relatively high incidence of cardiac arrests.35 Cram report-
ed the cost per quality adjusted life year gained for AED
deployment is $30,000 for PAD compared with EMS defib-
rillation with AED's based on the assumption of one AED
use every five years (20% annual probability of AED use).
To have AED deployment costs of less than $50,000 per
quality adjusted life year gained would require a 12% annu-
al probability of AED use.  The $50,000 value is considered
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Figure 3. Rhythm strips from the case presentation. (Lawrence A. Lewis personal file)
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comparable to other medical interventions.  Based on these
numbers, this author concluded the current AHA guidelines
were overly restrictive and a further expansion of PAD pro-
grams is justified on clinical and economic grounds.36

Last is a hypothetical study to explore the relationship
between a 60-year-old individual's risk of cardiac arrest and
cost effectiveness of in home AED deployment.   Results are
based on the assumption of a 15% survival rate for EMS
defibrillation and 30% for AED's.  For all patients the cost
per quality adjusted life year gained is $216,000.  As the risk
factors for sudden cardiac death increased, the cost progres-
sively went down to a low of $88,000 in a cohort with
ischemic cardiomyopathy.  Obviously the cost effectiveness
for in home use of AED's is linked to an individual's risk of
sudden cardiac death but it still remains a relatively high
cost.37

Legal Considerations
The sale of AED's is regulated by the Food and Drug
Administration although a prescription is not required for
use in private homes.38 The Aviation Medical Assistance Act
of 1998 was the first federal mandate requiring AED's and
training of flight attendants, to be effective in 2004.39 The
Airport Medical Assistance Act of 2000 requires airports
with 100,000 or more annual flights to carry AED's in their
terminals.40 The Federal Cardiac Arrest Survival Act was
enacted in 2000 to encourage AED use in federal buildings
and create immunity for qualified individuals using AED's.
All fifty states have enacted defibrillator laws and all states
provide limited liability protection for trained persons under
the Good Samaritan law.  Health care professionals using
this in the scope of their practice are not protected by Good
Samaritan laws; they are covered by their professional liabil-
ity policies.  Good Samaritan laws do not apply if harm has
been caused by willful or criminal misconduct, gross negli-
gence, reckless misconduct or flagrant indifference to the
rights and safety of the victim who was harmed.41

Fortunately it would be very difficult to do harm with an
AED since they are fully automated.  The safety of these
devises has been proven as noted earlier in this review.
Perhaps the most flagrant misconduct would be shocking a
person not in cardiac arrest but the AED would not allow
that as it will only charge when it interprets a shockable
rhythm.  Lay rescuers may be concerned about liability
issues if the device does not function properly such as with a
battery failure.  These laws do not grant immunity if the
device is not properly maintained and tested however all
present day AED's have a daily automatic self test and will
beep if anything is found wrong.  Concerns could arise relat-
ed to the timing of getting an AED to the scene but there has
never been a successful lawsuit for the use of an AED.  There
are a number of lawsuits filed against airlines, hotels, and
businesses for failure to have an AED with some large 

verdicts.42 Although not specifically addressed in the Federal
Cardiac Arrest Survival Act, immunity is not likely if one
fails to use an available AED.   

Some states have legislated AED placement in public places.
For example, New York requires public schools with more
than 1000 persons to have an AED.  Golf courses in New
York also are required to have an AED.  Arizona mandates
AED's in state buildings costing more than $250,000, and
several states have requirements for AED's at various athlet-
ic events, nursing homes, health clubs, and schools.  New
Jersey mandates all municipal police forces to carry an
AED.43,44

AED's designated for use other than in homes can only be
obtained with a prescription. Therefore a physician is rec-
ommended to act as a medical director for such programs.
The Cardiac Arrest Survival Act does not specify whether
medical directors of AED programs quality for liability pro-
tection.   Many states have enacted legislation to provide
immunity to medical directors, AED trainers, or physicians
who prescribe an AED.  Some states require involvement of
a licensed physician at a site of an AED program.  A review
of current laws and regulations in your state will help deter-
mine if such laws exist and the scope of their coverage.43,44

Summary
An abundance of evidence shows AED's save lives.
However, higher survival rates are not achieved in communi-
ties that fail to reduce time to defibrillation.  Despite contro-
versy about cost benefit, we are likely to see more access to
AED's in the public sector.  They have a safe track record and
are easy to learn how to use.  State legislators are starting to
mandate their use and it will be necessary for businesses and
institutions to keep abreast of these laws.  Like airbags,
smoke detectors, and fire extinguishers, AED's will be firm-
ly established in the realm of public safety.42

Dr. Lawrence is an emergency physician with Premier Health
Care Services in Marion, Ohio. He is the Marion General
Hospital ACLS Course Director and Marion County EMS
Medical Director. This is his 18th year of emergency medi-
cine and 11th year as a member of the AAPS.
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