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OUT-OF-HOSPITAL CARDIAC

arrest claims the lives of
approximately 275 000
persons each year in the

United States.1,2 Automated external de-
fibrillators (AEDs) improve the low-
survival rates from cardiac arrest when
operated by trained emergency person-
nel.3-9 Recent studies10,11 have empha-
sized the effectiveness of AEDs in im-
proving survival when used by trained
laypersons in casinos and commercial
aircraft, with survival rates substan-
tially higher than those achieved by
emergency responders.12 However,
AEDs are costly, in terms of equip-
ment, maintenance, and training, so it
is unclear whether they represent an ef-
ficient use of health care resources.13,14

Cost-effectiveness analysis can lend in-
sight into which settings are the most
strategic for AED deployment.15

Cardiac arrest onboard a passenger
aircraft is almost always fatal due to
delays in emergency medical care.16 In
the hope of improving survival, various
airlines have installed AEDs on aircraft
since the early 1990s. Deployment of
AEDs on Quantas and American Air-
lines has demonstrated the ability of
flight attendants to resuscitate persons
who experienced cardiac arrest aboard
aircraft.11,17,18 Promptedby initial reports
of AED effectiveness, the US Congress
passed the Aviation Medical Assistance

Act (1998), which directed the Federal
Aviation Administration (FAA) to con-
siderrequiringAEDsonallpassengerair-
craft.19 In April 2001, the FAA issued a
rule requiring all commercial aircraft
with at least 1 flight attendant to carry
AEDs by 2004.20 An FAA cost evalua-

tion projected this regulation would cost
the airline industry $300000 per life
saved.21 Some industry observers have
questioned the appropriateness of this
regulatory action.22

We searched the MEDLINE data-
base (1966-2001) using keywords
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Context Installation of automated external defibrillators (AEDs) on passenger air-
craft has been shown to improve survival of cardiac arrest in that setting, but the cost-
effectiveness of such measures has not been proven.

Objective To examine the costs and effectiveness of several different options for
AED deployment in the US commercial air transportation system.

Design, Setting, and Subjects Decision and cost-effectiveness analysis of a strat-
egy of full deployment on all aircraft as well as several strategies of partial deploy-
ment only on larger aircraft, compared with a baseline strategy of no AEDs on aircraft
(but training flight attendants in basic life support) for a hypothetical cohort of per-
sons experiencing cardiac arrest aboard US commercial aircraft. Estimates for costs and
outcomes were obtained from the medical literature, the Federal Aviation Adminis-
tration, the Air Transport Association of America, a population-based cohort of Medi-
care patients, AED manufacturers, and the Bureau of Labor Statistics.

Main Outcome Measures Quality-adjusted survival after cardiac arrest; costs of
AED deployment on aircraft and of medical care for cardiac arrest survivors.

Results Adding AEDs on passenger aircraft with more than 200 passengers would
cost $35300 per quality-adjusted life-year (QALY) gained. Additional AEDs on air-
craft with capacities between 100 and 200 persons would cost an additional $40800
per added QALY compared with deployment on large-capacity aircraft only, and full
deployment on all passenger aircraft would cost an additional $94700 per QALY gained
compared with limited deployment on aircraft with capacity greater than 100. Sensi-
tivity analyses indicated that the quality of life, annual mortality rate, and the effec-
tiveness of AEDs in improving survival were the most influential factors in the model.
In 85% of Monte Carlo simulations, AED placement on large-capacity aircraft pro-
duced cost-effectiveness ratios of less than $50000 per QALY.

Conclusion The cost-effectiveness of placing AEDs on commercial aircraft com-
pares favorably with the cost-effectiveness of widely accepted medical interventions
and health policy regulations, but is critically dependent on the passenger capacity of
the aircraft. Placing AEDs on most US commercial aircraft would meet conventional
standards of cost-effectiveness.
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defibrillation, defibrillator, cost, or eco-
nomic, and found 311 titles, of which
3 were cost-effectiveness analyses of
AEDs. Two of these studies, which fo-
cused on residential communities,23,24

may contribute to decision making
about AED deployment in municipali-
ties and rural areas but do not apply to
the diverse settings for which AEDs are
now being considered. The only analy-
sis that addressed deployment in a spe-
cialized site was by Foutz and Sayre,25

who examined AED cost-effectiveness
in chronic-care facilities. To our knowl-
edge, we are the first to report a cost-
effectiveness analysis of AED deploy-
ment on passenger aircraft.

The purpose of our study was to
evaluate the cost-effectiveness of AEDs
on US passenger aircraft. We designed
a model that captured airline industry
and health care costs as well as the im-
proved survival and quality-of-life ben-
efits of AEDs, to estimate the cost per
quality-adjusted life-year (QALY)
gained by widespread AED deploy-
ment on commercial aircraft.

METHODS
Decision Model

We developed a decision-analytic model
to compare several different strategies for
AED placement on aircraft. Our model
used Markov processes to capture both
the immediate costs and benefits of the
AED as well as the costs and benefits in
the years following cardiac arrest
(FIGURE 1). Following the recommen-
dations of the Panel on Cost-effective-
ness in Health and Medicine,26 we took
a societal perspective for costs and ben-
efits, discounted at 3% annually. Our
study was restricted to costs derived
from the US airline industry and health
care system. The model was designed to
capture all costs and benefits accrued by
aircraft cardiac arrest patients until the
death of the entire cohort.

Strategies
We hypothesized that placing AEDs on
larger aircraft would be more efficient
than deployment on smaller aircraft, be-
cause larger aircraft carry a dispropor-
tionate number of passenger-hours in the

US air transportation system.27 For our
base-case, we compared 7 different strat-
egies for AED deployment (TABLE 1). Be-
cause most US flight attendants are
trained in basic life support (BLS),21 we
assumed that airlines would continue
BLS training for flight attendants even if
no AEDs were deployed. Thus, for the
initial comparison, the lowest cost op-
tion A was BLS training for all flight at-
tendants without AED installation. De-
ployment strategies B and C placed AEDs
only on large-capacity (�200 passen-
gers) aircraft. Strategy B assumed that air-
lines with at least 1 AED-equipped air-
craft would train all flight attendants in
AED use, while strategy C assumed that
airlines could selectively train some flight

attendants to use AEDs and designate
them to staff AED-equipped aircraft.
Strategies D and E had AEDs placed on
large-capacity and medium-capacity
(�100 passengers) aircraft, while strat-
egy F was full AED deployment on all
aircraft with trained flight attendants.
Analogous to the training schemes of al-
ternatives B and C, under strategy D all
flight attendants would receive AED
training, while under strategy E selec-
tive training would be used. All flight at-
tendants were trained to operate AEDs
in strategy F. As the probability is high
of at least 1 health professional on-
board any passenger aircraft,28 strategy
G assumed full AED deployment with no
flight attendant training and relied on

Figure 1. Decision Model for Automated External Defibrillators (AEDs)

Strategy A

No AEDs
Basic Life Support Training Only

Resuscitated

Immediate Death

Discharged Alive

Death in Hospital

Strategy G

AEDs on All Aircraft
No Flight Attendants Trained
(Rescuer Is Physician-Passenger)

1

Strategy F

AEDs on All Aircraft
All Flight Attendants Trained

( + )1

Strategy E

AEDs on Medium-Capacity and 
Large-Capacity Aircraft

Selected Flight Attendants
Trained

( + )1

Strategy D

AEDs on Medium-Capacity and 
Large-Capacity Aircraft

All Flight Attendants Trained

( + )1

Strategy C

AEDs on Large-Capacity
Aircraft Only

Selected Flight Attendants
Trained

( + )1

Strategy B

AEDs on Large-Capacity
Aircraft Only

All Flight Attendants Trained

( + )1

( + )1

AED
Deployment
Strategy

Alive

Death

The square node represents the choice of AED deployment strategy. Circles are chance nodes. The plus sign
indicates that the subtrees at all chance nodes numbered 1 are the same as for strategy A. A patient who sur-
vives to hospital discharge enters a Markov process (represented by the rectangle containing 2 circles and an
arrow), which models the possibility of death occurring on an annual basis, and continues until death.
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physician-passengers to provide treat-
ment in an emergency.

Base-Case Assumptions
Our model followed a hypothetical co-
hort of patients experiencing cardiac ar-
rest onboard US commercial aircraft dur-
ing a 12-month period. We assumed
aircraft cardiac arrest patients were simi-
lar to those in the general population.2

No published data exist on the actual
number of cardiac arrests occurring on
aircraft. We therefore based the event
rate on 627956 American Airlines flights
in 1997-1999.11 This represented a 15%
sample of US passenger-hours spent
aboard aircraft in the year 2001, accord-
ing to the FAA’s estimates for annual
growth.27 The cardiac arrest event rate
incorporated both domestic and inter-
national flights with US points of ori-
gin (TABLE 2). The cost to passengers not
experiencing cardiac arrest was cap-
tured elsewhere in the model, either
by accounting for program costs to the
airlines or for medical care costs to so-
ciety.

Effectiveness
The ability of AEDs to improve survival
was estimated from the survival rate mea-
sured on American Airlines for 36 cases

of cardiac arrest (29 aboard aircraft)
treated with AEDs.11 As the baseline rate
of survival in the absence of defibrilla-
tors is unknown, we estimated it using
the logistic regression model of Valen-
zuela et al,29 with predictor values (eg,
time to defibrillation) derived from ru-
ral emergency medical systems that have
transport times longer than 20 min-
utes.4,9 The hospital survival rate in the
absence of AEDs, assuming a delay in de-
livery of care, was also abstracted from
these rural studies. In our model, AEDs
increased both the initial resuscitation
rate and the hospital discharge rate af-
ter cardiac arrest. Rapid defibrillation can
improve hospital survival by prevent-
ing the adverse effects of prolonged
cessation of circulation that contribute
to mortality after initial resuscita-
tion.12,30,31

Outcomes
We assumed that cardiac arrest pa-
tients who survived to hospital dis-
charge would be in 1 of 3 health catego-
ries: cerebral performance category
(CPC)-1: able to function at prearrest
level; CPC-2: some cognitive or func-
tional difficulties but able to live inde-
pendently; or CPC-3/CPC-4: severely
impaired, requiring institutional care.

These outcomes were obtained from the
Heartstart Scotland Project,32 which ex-
amined outcomes in 174 survivors of
cardiac arrest. The annual mortality of
survivors was estimated from the age-
adjusted rate observed in 15152 Medi-
care patients who had survived to hos-
pital discharge after cardiac arrest or
ventricular arrhythmia.33

Costs
AirlinecostswereobtainedfromtheFAA
and the Air Transport Association of
America.Wagesfor flightattendantswere
estimated from Bureau of Labor Statis-
tics data. We assumed that flight atten-
dants would receive BLS and AED
instruction following American Heart
Association guidelines for duration and
frequencyof training.Trainingcostswere
approximated by calculating the oppor-
tunity cost of employee time and airline
resources devoted to BLS and AED train-
ing.26 Medical costs were derived from
publishedestimatesofhospitalandmedi-
cal expenditures after cardiac arrest and
from Medicare reimbursement claims33

for 15152 survivors of cardiac arrest or
ventriculararrhythmia(J.P.Weiss,writ-
ten communication, April 4, 2001).
Manufacturers of AEDs provided device
costsandmaintenanceestimates inatele-
phone survey. We used FAA estima-
tions for volume discounts.21

Quality of Life
The quality of life for unimpaired
(CPC-1) survivors of cardiac arrest was
abstracted from published measures of
health care utilities (quality weights) de-
rived from the Health Utilities Index
Mark-3 questionnaire, administered a
mean (SD) of 9.9 (3.5) months after
cardiac arrest.34,35 The utilities for mod-
erate (CPC-2) and severe (CPC-3/
CPC-4) impairment after cardiac ar-
rest were estimated from published
measurements of similar levels of im-
pairment in stroke survivors.36

Analyses
We calculated the base-case incremen-
tal cost-effectiveness. One-way sensitiv-
ity analyses were performed on all vari-

Table 1. Cost-effectiveness Analysis of Automated External Defibrillators (AEDs)*

Strategy

Seating Capacity of
Aircraft With AED

Flight Attendants
(FAs) With AED

Training
Non–AED-Trained

FAs With Basic
Life Support

Training�200 100-199 �99 All* Selective†

Primary analysis
A‡ �

B � � �

C � � �

D � � � �

E � � � �

F � � � � �

G§ � � � �

Additional strategies
H � �

I � � �

J§ � � �

K�

*If an airline had at least 1 aircraft with an installed AED, all flight attendants were trained.
†Only the minimum necessary fraction of an airline’s flight attendants trained in AED use.
‡Low-cost strategy.
§Physician-passengers to use AEDs.
�Alternative low-cost strategy.
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ables over specified ranges (Table 2).
Pairs of variables that appeared influen-
tialandcorrelatedwereselectedfor2-way
sensitivity analyses. Monte Carlo analy-
ses were performed in which every
parameter was varied simultaneously
over a specified probability distribu-
tion. Costs and time variables were
assigned log-normal distributions,37

probabilities were assigned logistic dis-
tributions,38 and the incidence of car-
diac arrest was modeled by the Poisson
distribution.39 Variableswithoutadefini-
tivedistributional formwereassignedthe
normal distribution, which was subse-
quently tested insensitivityanalysis.Ten
thousandsimulationswereperformedto
approximate confidence intervals for

the primary results. Models were cre-
ated and analyses were performed using
DATA 3.5 (TreeAge Software Inc, Willi-
amstown,Mass) andExcel2000(Micro-
soft Inc, Redmond, Wash).

RESULTS
Base-Case Analysis

The benefit of AEDs was proportional
to the number of person-years covered
by each strategy (TABLE 3). Deploying
AEDs on all aircraft (strategy F) would
save approximately 33 lives per year (es-
sentially the 17% survival rate found by
Page et al11). The average survivor would
experience 5.1 QALYs at an incremen-
tal cost per QALY of $94700. Limiting
AED deployment to larger aircraft (strat-

egy C) would save fewer lives but would
cost only $35300 per QALY gained.

Sensitivity Analyses
One-way sensitivity analyses identified
several influential variables (FIGURE 2).
Among these variables were AED effec-
tiveness in improving resuscitation and
hospital survival. A 2-way sensitivity
analysis of these factors indicated that
if the AED resuscitation rate were less
than 30% (base-case value [BCV] =36%)
and hospital survival were less than 45%
(BCV=46%), extending AED coverage
to small-capacity aircraft would im-
prove outcomes at a cost exceeding
$100000 per QALY. Conversely, to have
a cost of less than $50000 per QALY re-

Table 2. Model Variables, Base-Case Values, and Ranges

Variable Base-Case Range Distribution* Reference

US airline industry
Passenger-hours per year (millions) 1773 1600-2000 Normal 43, 55

No. of passenger aircraft 5100 4600-5600 Normal 43, 55

Aircraft cardiac arrests per year 200 140-300 Poisson 2, 11

Flight attendants, No. 117 500 105 000-130 000 Normal 21, 43

Automated external defibrillator (AED) initial training, h 3 2-4 Logistic 56-58

AED renewal training per 2 years, h 1 0.5-1.5 Normal 56-58

Probability of an onboard physician-passenger 0.7 0.5-0.85 Logistic 11

Cardiac arrest, %
Rate of resuscitation, no AED 4 1-10 Logistic 29

Rate of resuscitation with AED 36 21-51 Logistic 11

Rate of hospital discharge, no AED† 20 13-27 Logistic 4, 9, 29, 59

Rate of hospital discharge with AED† 46 30-70 Logistic 11

Outcomes, %
Mortality, first year after cardiac arrest 17 10-25 Logistic 32, 33

Subsequent annual mortality 12 6-20 Logistic 32, 33

Post–cardiac arrest quality of life (0-1 scale)
Unimpaired 0.78 0.56-1.0 Logistic 34

Moderately impaired 0.07 0-0.38 Logistic 36

Severely impaired 0 0-0.5 Logistic 36

Costs, $
AED purchase 3000 2000-4000 Log-normal Survey of manufacturers

AED maintenance 125 50-300 Log-normal Survey of manufacturers

Annual AED training program 41 000 20 000-100 000 Log-normal 21

Annual additional fuel per aircraft with AED 62.50 45-80 Log-normal 27

Hourly wage for new trainees 18 13-20 Log-normal 43

Hourly wage for renewal trainees 23 17-30 Log-normal 21, 43

Hospitalization
Survive to discharge 14 000 10 000-25 000 Log-normal 33, 60

Death 3500 2500-5000 Log-normal 33, 60

Annual medical
First year 9500 8000-12 500 Log-normal 33

Subsequent years 7000 5500-10 000 Log-normal 33

Average AED lifetime, y 10 5-15 Log-normal Survey of manufacturers

*For use in Monte Carlo simulation.
†Percentage of resuscitated patients eventually discharged from the hospital.

COST-EFFECTIVENESS OF DEFIBRILLATORS ON AIRLINES

©2001 American Medical Association. All rights reserved. (Reprinted) JAMA, September 26, 2001—Vol 286, No. 12 1485



gardless of passenger capacity, AEDs
would need to resuscitate 50% of per-
sons experiencing cardiac arrest, with
63% of resuscitated patients surviving
to hospital discharge. In comparison,
AEDs deployed solely on large-
capacity aircraft could resuscitate as few
as 25% of patients, with an overall sur-
vival rate of only 10%, and still yield a
cost of less than $50000 per QALY. A
separate 2-way sensitivity analysis
indicated that if utility for an unim-
paired survivor were greater than 0.9
(BCV=0.78) and the annual mortality
were less than 5% (BCV =12%), the cost-
effectiveness of AEDs would be less than
$50000 per QALY for all types of air-

craft. The rate of cardiac arrest on air-
craft is also critical to cost-effective-
ness—if 300 aircraft cardiac arrests
occurred annually instead of the base-
line estimate of 200, the incremental
cost-effectiveness would be reduced to
$26700, $30100, and $66000 per QALY
for AEDs on large-capacity, medium-
capacity, and small-capacity aircraft, re-
spectively.

Monte Carlo Analyses
Monte Carlo simulation is a method by
which the uncertainty of a model’s in-
put variables can be used to generate con-
fidence intervals for the model’s out-
put.38 Monte Carlo analyses suggested

that 95% of simulated cost-effective-
ness ratios for AED installation on large-
capacity aircraft would be between
$11400 and $74800 per QALY. Only
14.9% of simulations had incremental
cost-effectiveness ratios greater than
$50000 per QALY. The interval for
extending deployment to medium-
capacity aircraft was $23000 to $72100,
with 22.3% of the simulations having
cost-effectiveness ratios greater than
$50000 per QALY. Finally, the 95% con-
fidence interval for further expanding
AED coverage to cover all passenger air-
craft was $58300 to $166500. Most
(99.8%) of these trials had values greater
than $50000 per QALY while 44.2% of
trials had values in excess of $100000 per
QALY. None of these boundaries was af-
fected by the choice of modeling distri-
bution (�$5000 per QALY difference)
for variables with indeterminate func-
tional form.

Alternative Analyses
A factor not included among our origi-
nal strategies was the potential elimina-
tion of BLS training for flight atten-
dants who staff non–AED-equipped
aircraft (strategies A, C, and E) or when
physician-passengers would be rescu-
ers (strategy G). When this factor was in-
cluded via new strategies H, I, J, and K
(Table 1), we found that strategy J (plac-
ing AEDs on aircraft for use by physician-
passengers, but training no flight atten-
dants in BLS or defibrillation) became a
viable option at a cost of $45600 per

Figure 2. One-Way Sensitivity Analyses of the Cost-effectiveness of Automated External
Defibrillator (AED) Deployment (Strategy E)

0 10 30 40 50 60 70 8020
Incremental Cost-effectiveness, $ (in Thousands per QALY)

Hospital Survival Rate
With AED, % 3070

Annual Survival After
Cardiac Arrest, % 94 80

Resuscitation Rate
With AED, % 51 21

Unimpaired Survivor
Utility 1 0.56

No. of Cardiac Arrest
Events per Year 300 140

Base Case

The bars indicate the variability of the cost-effectiveness ratio (x-axis) caused by changes in the value of the
indicated variable, all other variables being held constant. Labels on the horizontal bars indicate the range of
each 1-way sensitivity analysis. QALY indicates quality-adjusted life-year.

Table 3. Results of Cost-effectiveness Analysis*

Strategy Description of Strategy

No. of
Lives Saved

Annually

Average per
Patient With

Cardiac Arrest†
Incremental Cost

per QALY, $‡

Simulated
95% Upper
Bound, $QALY Cost, $

A No AEDs, attendants with BLS training 2 0.04 25 100 Lowest cost
reference strategy

NA

B AEDs on large-capacity aircraft, full training 7 0.18 41 000 Dominated§ NA

C AEDs on large-capacity aircraft, selective training 7 0.18 30 100 35 300 64 500

D AEDs on medium- and large-capacity aircraft, full training 31 0.79 55 600 Dominated§ NA

E AEDs on medium- and large-capacity aircraft, selective training 31 0.79 54 700 40 800 65 200

F AEDs on all aircraft, full training 33 0.84 59 500 94 700 151 400

G AEDs on all aircraft, physician-passengers as rescuers 15 0.38 40 700 Dominated� NA

*QALY indicates quality-adjusted life-year; AED, automated external defibrillator; BLS, basic life support; and NA, data not applicable.
†Including both surviving patients and those who died.
‡Compared with preceding lower cost strategy.
§More costly than another equally effective strategy.
�More costly and/or less effective than a combination of other strategies.
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QALY. The incremental cost-effective-
ness for AED deployment on large-
capacity and medium-capacity aircraft
(with flight attendants trained to per-
form defibrillation) compared with the
physician-passenger strategywas$94400
per additional QALY. Further expan-
sion of deployment to all aircraft, com-
pared with limiting deployment to large-
capacity and medium-capacity aircraft,
cost $106700 per QALY gained. All other
strategies were dominated (more costly
and less effective) (FIGURE 3). Addition-
ally, a constraint that was not incorpo-
rated in our original strategies was the
possibility that airlines would be com-
pelled to offer a single training program
to all flight attendants regardless of how
many aircraft were equipped with defi-
brillators. When our model was ana-
lyzed with all partial-training strategies
removed (C, E, H, and I), the cost-
effectiveness of AED deployment on
medium-capacity and large-capacity air-
craft was $40800 per QALY, and extend-
ing deployment to small-capacity air-
craft cost $78600 per QALY. Finally,
when cost and outcome data derived
from the Antiarrhythmics Versus Im-
plantable Defibrillator (AVID) trial40,41

were used instead of the community-
based Medicare data, the cost-effective-
ness of large-capacity aircraft deploy-
ment was $52600 per QALY, extending
deployment to medium-capacity air-
craft cost $60300 per QALY, and de-
ployment on small-capacity aircraft cost
$135700 per QALY.

COMMENT
The incremental cost-effectiveness of full
AED deployment on commercial air-
craft ranges from $35300 to $94700 per
QALY. The values for deployment on
larger aircraft compare favorably with
other health care interventions and trans-
portation safety items. For example, a re-
cent study demonstrated that driver-
side airbags have a cost-effectiveness of
$30000 per QALY compared with no air-
bags, and adding passenger-side air-
bags saves lives at a cost of $76500 per
QALY compared with driver-side air-
bags alone (values adjusted from pub-
lished estimates to 2001 dollars).42

Key Variables
The cost-effectiveness of AEDs depends
ontherateatwhich theysave lives.How-
ever, only a few, small studies have
assessed theeffectivenessofAEDs inspe-
cialized settings such as commercial air-
craft. In addition to the work of Page et
al,11 O’Rourke et al18 reported the 5-year
experienceofQuantasAirlines, inwhich
2 of 27 patients who experienced car-
diac arrest eventually survived to hos-
pital discharge. (The American Air-
lines study may be more representative
ofAEDefficacyondomestic flights, since
some Quantas patients were not recog-
nized to be in cardiac arrest but were
assumedtobesleepingduring longtrans-
Pacific flights.) Additionally, little is
known about survival rates from car-
diac arrest in comparable settings prior

to AED deployment. The assumption
that most patients experiencing cardiac
arrest aboard aircraft would not sur-
vive in the absence of AEDs is plau-
sible, but it may not hold in other set-
tings. Two-way sensitivity and Monte
Carlo analyses of our model demon-
strated that even if our assumption of
AED effectiveness were overly optimis-
tic or baseline survival overly pessimis-
tic, thecost-effectivenessofAEDdeploy-
ment on large-capacity and medium-
capacity aircraft is still likely to cost less
than $50000 per QALY gained.

The incidence of cardiac arrest on air-
craft also plays an important role in AED
cost-effectiveness. There is a paucity of
data on the true incidence rate of car-
diac arrest during flight. The Aviation
Medical Assistance Act of 1998 required

Figure 3. Automated External Defibrillators (AEDs) Deployment Strategies

Q
A

LY
s

0.9
Primary Analysis

0.7

0.8

A

C B

G

Line of
Optimality

E
D

F

0.6
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0.4

0.3

0.2

0.1

0

Analysis With Additional Strategies

Q
A
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s

0.9

0.7
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0.4

0.3
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0.1

Line of
Optimality

J

H

A
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G

E
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F

K
0 20 60 8040

Cost, $ (in Thousands)

Strategy

A No AEDs
BLS Training Only

B AEDs on Large-Capacity Aircraft Only
All Flight Attendants Trained

C AEDs on Large-Capacity Aircraft Only
Selected Flight Attendants Trained

D AEDs on Medium-Capacity and Large-Capacity
Aircraft

All Flight Attendants Trained

E AEDs on Medium-Capacity and Large-Capacity
Aircraft

Selected Flight Attendants Trained

F AEDs on All Aircraft
All Flight Attendants Trained

G AEDs on All Aircraft
No Flight Attendants Trained
(Rescuer Is Physician-Passenger)

H AEDs on Large-Capacity Aircraft Only
Selected Flight Attendants Trained
No BLS Training for Other Flight Attendants

I AEDs on Medium-Capacity and Large-Capacity
Aircraft Only

Selected Flight Attendants Trained
No BLS Training for Other Flight Attendants

J AEDs on All Aircraft
No Flight Attendants Trained
BLS Training Eliminated
(Rescuer is Physician-Passenger)

K No AEDs on Aircraft
No Flight Attendants Trained
BLS Training Eliminated

The slope of the line of optimality indicates incremental cost-effectiveness. Strategies below and to the right of
the line of optimality are dominated (more expensive and/or less effective). QALY indicates quality-adjusted
life-year; BLS, basic life support.
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majoraircarriers toreport in-flightdeaths
over a 1-year period (108 deaths were
recorded),19 yet some have speculated
that airlines may be reluctant to report
deaths.16 The frequency measured by
Page et al11 was derived from a 1997-
1999 sample representing only 15% of
US aircraft passenger-hours flown in the
year 2001. Our analysis suggests that a
highereventratewouldimprovethecost-
effectiveness of AED deployment.

Extensions
If airlines could not limit AED training
when only a fraction of aircraft were
AED-equipped, deployment on large-
capacity aircraft only would become an
unacceptable (dominated) strategy.
Large-capacity aircraft deployment
would also be dominated if airlines were
able to eliminate AED and BLS training
entirely for flight attendants who would
not staff AED-equipped aircraft. Cur-
rently most airlines have a single health-
and-safety training program for flight at-
tendants.43 Creating different tiers of
training may not be feasible or may in-
troduce additional costs (eg, staffing
shortages or pay differentials) that were
not incorporated into this model.

Limitations
Our analysis has important limitations
inquantifyingeffectiveness.First, theout-
comes of rural emergency services may
be an imperfect proxy for cardiac arrest
outcomes on non–AED-equipped air-
craft. However, we found in sensitivity
analysis that varying the baseline resus-
citation rate from 1% to 10% had no sub-
stantialeffectontheresults.Second, there
is incomplete understanding of quality
of life after cardiac arrest. Among the
studies of quality of life in cardiac arrest
survivors,30,31,44-48 only 1 reported pref-
erence-based measures (utilities).34 This
study may have favored patients who
wereabletoreturnasurvey,andthusmay
have produced biased estimates. We
supplemented these data with utilities
derived from patients (stroke survi-
vors) forwhomcomprehensivedataexist
on health-related utility with differing
degreesofneurological impairment.Fur-
ther follow-up studies of patients who

experienced cardiac arrest on aircraft are
neededtobetterdeterminewhether these
patients have better or worse outcomes
than cardiac arrest survivors in the gen-
eral population. Finally, we did not
account for the potential benefit that
AEDsmayprovide to themillionsofpas-
sengers who will not experience a car-
diac arrest on an aircraft but who enjoy
the intangible benefit of greater secu-
rity.Nevertheless, thisvalue is likelyneg-
ligible—a recent passenger survey indi-
cated that the small differences in the
flight safety records of major carriers do
not influence the choice of airline for the
vast majority of US travelers.49

We also note limitations in the mea-
surement of costs. We did not ac-
count for additional costs of diverting
an aircraft in mid flight to transport a
person experiencing cardiac arrest to
the nearest hospital. It is possible that
onboard AEDs may increase as well as
decrease the frequency of emergency
medical diversions. Additionally, at-
torney and court costs or savings from
increased or decreased litigation were
excluded. However, Good Samaritan
legislation may protect users of AEDs
from legal liability.50 Finally, the use of
Medicare data for costs and outcomes
potentially biased the results, as this
older population may have higher
health costs and worse outcomes.51 We
age-adjusted our mortality rate; the val-
ues we obtained were comparable with
those observed in the community-
based Heartstart Scotland Project.32 An
alternative source of economic and out-
comes data is the AVID trial—using
these data increases the cost per QALY
of all AED deployment options. Nev-
ertheless, this result may also be bi-
ased, as the use of expensive medical
technologies by cardiac arrest patients
in the AVID trial was higher than in the
general population.52

Implications and
Recommendations
This study suggests that widespread de-
ployment of AEDs on commercial air-
craft is cost-effective when compared
with many other health or safety inter-
ventions that are generally acceptable.

This assessment of cost-effectiveness is
robust, particularly for AED installa-
tion on large-capacity aircraft—even si-
multaneous changes in many of the key
parameters do not raise the cost above
$50 000 per QALY for AED place-
ment. Conversely, BLS training of flight
attendants in the absence of AEDs is not
cost-effective. The economic benefit of
extending AED deployment to small-
capacity aircraft is less certain. Our
results suggest that careful monitor-
ing of the costs and effectiveness of
AEDs is warranted as these devices are
deployed on small-capacity aircraft over
the next 3 years. Eventual reevalua-
tion of the economic consequences of
current policy compared with other
safety-related programs would be ap-
propriate.53

Determining optimal device deploy-
ment locations and identifying AED
training candidates are significant chal-
lenges for public access defibrillationpro-
grams. Cost will be an essential factor in
these decisions due to sizeable device and
training expenses as well as the infre-
quency and unpredictability of cardiac
arrests. Policymakers will face multiple
decisions regarding AED deployment in
diverse settings. The ongoing Public Ac-
cess Defibrillation Trial may address
some of the uncertainties in commu-
nity deployment.54 However, other set-
tings have special characteristics that
substantially influence the costs and like-
lihoodof survival.Ouranalysis,whilenot
directly applicable beyond passenger air-
craft, can guide the construction of simi-
lar economic analyses.

Summary
A program of placing AEDs on large-
capacity passenger aircraft readily
meets conventional standards of cost-
effectiveness. Even deployment on me-
dium-capacity passenger aircraft at-
tains generally accepted levels of cost-
effectiveness. The cost-effectiveness of
deployment on smaller aircraft is less
certain. Careful monitoring of the costs
and consequences of total aircraft AED
deployment is warranted to ensure ef-
ficient use of safety-related resources in
the airline industry.
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