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EDUCATION AND PRACTICE

THE PRICE OF A HELPING HAND: MODELING THE OUTCOMES AND COSTS

OF BYSTANDER CPR
Andrew J. Bouland, BS, Nicholas Risko, MD, MHS, Benjamin J. Lawner, DO, MS, Kevin

G. Seaman, MD, Cassandra M. Godar, BS, Matthew J. Levy, DO, MS

ABSTRACT

Objective. Early, high-quality, minimally interrupted by-
stander cardio-pulmonary resuscitation (BCPR) is essential
for out-of-hospital cardiac arrest survival. However, rates of
bystander intervention remain low in many geographic ar-
eas. Community CPR programs have been initiated to com-
bat these low numbers by teaching compression-only CPR
to laypersons. This study examined bystander CPR and the
cost-effectiveness of a countywide CPR program to improve
out-of-hospital cardiac arrest survival. Methods. A 2-year
retrospective review of emergency medical services (EMS)
run reports for adult nontraumatic cardiac arrests was per-
formed using existing prehospital EMS quality assurance
data. The incidence and success of bystander CPR to pro-
duce prehospital return of spontaneous circulation and fa-
vorable neurologic outcomes at hospital discharge were an-
alyzed. The outcomes were paired with cost data for the
jurisdiction’s community CPR program to develop a cost-
effectiveness model. Results. During the 23-month study
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period, a total of 371 nontraumatic adult out-of-hospital car-
diac arrests occurred, with a 33.4% incidence of bystander
CPR. Incremental cost-effectiveness analysis for the commu-
nity CPR program demonstrated a total cost of $22,539 per
quality-adjusted life-year (QALY). A significantly increased
proportion of those who received BCPR also had an auto-
mated external defibrillator (AED) applied. There was no
correlation between witnessed arrest and performance of
BCPR. A significantly increased proportion of those who
received BCPR were found to be in a shockable rhythm
when the initial ECG was performed. In the home setting,
the chances of receiving BCPR were significantly smaller,
whereas in the public setting a nearly equal number of peo-
ple received and did not receive BCPR. Witnessed arrest,
AED application, public location, and shockable rhythm on
initial ECG were all significantly associated with positive
ROSC and neurologic outcomes. A home arrest was signif-
icantly associated with worse neurologic outcome. Conclu-
sions. Cost-effectiveness analysis demonstrates that a com-
munity CPR outreach program is a cost-effective means for
saving lives when compared to other healthcare-related in-
terventions. Bystander CPR showed a clear trend toward im-
proving the neurologic outcome of survivors. The findings
of this study indicate a need for additional research into the
economic effects of bystander CPR. Key words: CPR; EMS;
cost effectiveness
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INTRODUCTION

In the United States an estimated 360,000 cardiac ar-
rests occur outside of the hospital each year.1 Despite
advances in emergency care, the overall survival rate
to hospital discharge remains strikingly low.1 Early,
high-quality bystander cardiopulmonary resuscitation
(BCPR) is an important link in the chain of survival
for out-of-hospital cardiac arrest (OHCA).1−6 A num-
ber of barriers to BCPR exist and rates of OHCA sur-
vival remain low.1 On average, bystanders provide
CPR at only one-quarter of all OHCA events in the
United States.1 Studies indicate that low rates of BCPR
are attributable to many factors, including low rates
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of trained bystanders present, concern of physically
harming someone in cardiac arrest, performing CPR
incorrectly, fear of legal consequences, and fear of
mouth-to-mouth contact and disease transmission.2,7,8

General anxiety and panic related to the stressful event
have also been indicated as possible reasons for low
bystander intervention.8,9

In 2008, the American Heart Association began to
promote hands-only, noncertification community CPR
training for laypersons in the hopes of overcoming
such barriers.1,8 Hands-only CPR has a number of ad-
vantages. Several studies indicate that it is just as effec-
tive as conventional CPR and indicate increased ease of
implementation, improved bystander retention of the
skill, and decreased cost of training.8,10,11 In addition,
hands-only CPR compliments training methods that
are faster, less expensive, and geared toward larger and
younger populations.12 Given these advancements in
bystander CPR technique, increased feasibility, and
lower cost of new training paradigms, combined with
the current inadequacy and poor distribution of by-
stander training programs, the time has come for fur-
ther research on this topic.

The research team postulated that BCPR would be
associated with a higher incidence of return of sponta-
neous circulation (ROSC) and favorable cerebral per-
formance category (CPC) scores when compared to
those who did not. Based on the low cost of provid-
ing BCPR, it was further hypothesized that a mod-
eled community CPR program would demonstrate a
cost-effective means of emergency medical services
(EMS) outreach when compared to other outreach and
cardiac arrest interventions. The aim of this study is
to contribute to the scarce literature on the clinical
outcomes and cost-effectiveness of BCPR with new
estimates.13−21

METHODS

Howard County, Maryland Department of Fire and
Rescue Services (HCDFRS) is a fire and EMS agency
that has had an extensive community CPR public out-
reach program since October 2011. The department
comprises career and volunteer personnel staffing,
12 frontline advanced life support (ALS) transport
units, and 1 frontline basic life support (BLS) trans-
port unit, as well as 6 volunteer-staffed reserve BLS
transport units with ALS capability. It serves a pop-
ulation of 299,430 with a density of 1,144.9/square
mile.22 Prehospital emergency care in Howard County
is provided in accordance with the Maryland Medical
Protocols for Emergency Medical Services Providers.
Emergency medical care of cardiac arrest patients is
based on current American Heart Association (AHA)
guidelines.23 In addition, Howard County initiated
high-performance CPR for all cardiac arrest patients
prior to the study period. High-performance CPR

is defined as continuous chest compressions with
interspersed asynchronous ventilations. The high-
performance CPR protocol was adapted from training
at the Resuscitation Academy, Seattle, WA. Using this
method, CPR is the highest priority and CPR is per-
formed 80% or more of each minute during resuscita-
tion. This is accomplished through crew resource man-
agement, which includes the pre-assignment of roles
for the BLS team, coordinated team practice with a goal
of minimizing interruptions in CPR, integration of the
ALS crew working around the BLS crew to perform
ALS tasks without interrupting CPR.

Other forms of CPR delivery prior to EMS arrival
implemented in Howard County include the system’s
emergency medical dispatchers who verbally coach
bystanders in hands-only CPR via phone, and the
training of Howard County middle and high-school
students on CPR and automated external defibrillator
(AED) use. The chain of survival in Howard County
includes bystanders activating 9-1-1 and emergency
medical dispatchers (EMD) using National Academies
of Emergency Dispatch ProQA version 12.2 to pro-
vide pre-arrival instructions (PAI) in bystander CPR.
The dispatch PAIs include CPR instructions with chest
compressions and ventilations or CPR instructions
with compression-only CPR PAIs. If there is an AED
available on scene based on a flag available in the
computer-aided dispatch system, the EMD can instruct
the caller to use the AED.

The system’s EMS record database (EMS Field
Bridge and Service Bridge, ImageTrend, Lakeview,
MN) was electronically queried for cardiac arrest cases
and manually entered as part of an existing QA/QI
dataset. The dataset was de-identified, retrospectively
examined, and aggregated into an Utstein style report.
Figure 1 includes a sample Utstein report used in the
data set. The figure includes the distribution of initial
ECG rhythm arm of the template from 2013 (Figure 1).

Data were analyzed for all OHCA patients from Oc-
tober 1, 2011 through August 31, 2013. Subgroups were
stratified according to factors such as the performance
of BCPR and prehospital ROSC. Traumatic arrests
were excluded from analysis, as were pediatric cardiac
arrests and patients with do not resuscitate (DNR) or-
ders and advanced directives. Data points included pa-
tient age, first ECG rhythm upon EMS arrival, arrest lo-
cation, whether the arrest was witness or unwitnessed,
and record of any bystander intervention and CPR or
AED use prior to EMS arrival. These data elements
were selected by EMS direction for inclusion based on
their feasibility of collection and association with end
outcomes broadly in the literature. In this study, “by-
stander” included all persons except first responders
(police) and EMS personnel responding in official ca-
pacity. In addition to lay medical personnel, off-duty
police and off-duty EMS and healthcare providers are
considered bystanders. Prehospital ROSC and neuro-
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FIGURE 1. Sample Utstein template for initial ECG rhythm among witnessed arrests in 2013.

logic outcome (Cerebral Perfusion Category “CPC”
score) at hospital discharge were collected as outcome
measures. Hospital outcome data were obtained from
either the base hospital physician at the most frequent
hospital destination or from the emergency depart-
ment physician for other hospitals. Cardiac arrests for
which no outcome data were available were excluded
from the data set altogether and not included in the
total number of cardiac arrests included in analysis.
Cost data were collected directly from records pro-
vided by the jurisdiction’s community CPR specialist.
This project was completed with approval of the insti-
tutional review board at the Human Research Protec-
tions Program for University of Maryland, Baltimore.

Analysis was performed using standard statistical
methods and software (STATA13).24 Exploratory anal-
yses were performed using cross-tabulations of fre-
quency counts and chi-square tests to assess the as-
sociation between the binary, nominal, and ordinal
covariates. Univariate logistic regression was used to
determine the relationship between each variable of
interest and our chosen outcomes. These were re-
ported as independent odds ratios. Due to sample
size, limitations within the CPC subcategories, neu-
rologic outcome was collapsed into a binary variable,
with CPC scores 1 and 2 considered “good neurologic
outcome” and 3, 4, or 5 considered poor neurologic
outcome.
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FIGURE 2. Decision tree.

Cost-effectiveness Analysis (CEA)

Cost-effectiveness analysis was conducted in U.S. 2013
dollars with a 1-year time window extended over
a 10-year analytic horizon. Cost-effectiveness analy-
sis (CEA) utilized a decision tree model (Figure 2).
All CEA data were compiled and analyzed using
Microsoft Excel and TreeAge Professional.25 All val-
ues were taken from the 2 years of observed data
in Howard County, with the exception of life ex-
pectancy and QALY values, which were taken from
the literature.20,26−30 The end utility measure is qual-
ity adjusted life-years (QALYs). Results are presented
as incremental cost-effectiveness ratios (ICER), and
sensitivity analyses were conducted to assess the in-
fluence of all key variables on the final results.

The key parameters for the model can be seen in
Table 1 along with the ranges used for sensitivity anal-
ysis. They include the incidence of OHCA in Howard
County; the proportion of arrests receiving BCPR or
not, and the proportion of each category noted to have
ROSC; the CPC outcomes for all categories; the life
expectancies and QALY values for survivors; the pro-
gram costs; and the reach of the intervention.

The costs included in the model were taken from
the county-level governmental perspective and can be
seen in Table 2. All direct costs, such as salaries, equip-
ment, vehicles, American Heart Association Family &
Friends program and manuals, and other materials

needed to conduct the trainings for a total of 10 years
were included.31 Although Howard County’s training
program had been in implementation throughout the
data collection time period, the study team chose a
conservative route of not factoring in any intervention
or intervention costs for the base case.

Some of the equipment included in cost analysis is
optional for a compression-only BCPR training pro-
gram; likewise, other programs may choose to include
more equipment, especially if AED training is de-
sired. Maintenance and one-time start-up costs were
included. Manikins were budgeted to be replaced ev-
ery 2 years. Manikins for the school trainings were
budgeted separately, but included as program costs for
the purpose of the analysis. Opportunity costs were
not included due to the short length of training and
high prevalence of school-aged trainees. The total 10-
year cost of running the training program is approxi-
mately $650,000.

The reach of training is defined as the population
percentage increase in the prevalence of BCPR-trained
individuals for each year of intervention. The Howard
County program trains over 11,000 individuals each
year. This number includes the training of all middle
and high school students in the county’s public school
system, which is mandated as a graduation require-
ment. To calculate the reach of training, numerous
variables were accounted for, including the number of
individuals trained each year; the total population of

TABLE 1. Key model parameters

Parameter Value Interval for sensitivity analysis Source

Incidence of OHCA 193.6 per year 150–250 per year HC data
Arrests receiving BCPR,% 33.4% 25–50% HC data
ROSC for BCPR cases,% 34.7% 30–40% HC data
ROSC for no BCPR cases,% 28.7% 24–34% HC data
BCPR survivors with CPC 1-2/CPC 3–4,% 11.3%/2.4% (8–14)/(1–3) HC data
No BCPR survivors with CPC 1–2/3–4,% 6.1%/3.2% (4–8)/(2–4) HC data
Life expectancy for survivors with CPC 1–2 5.6 years 3–8 years Merchant et al.20,
Life expectancy for survivors with CPC 3–4 1 year 0.5–2 years Rea et al.26

Quality adjusted life-year score for CPC 1–2 0.75 0.5–1 Merchant et al.20

Quality adjusted life-year score for CPC 3–4 0.39 −0.1–0.5
Cost of intervention program $65,363 per year $30,000–$100,000 HC data
Reach of intervention program 3% of population per year 1–5% per year HC data
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TABLE 2. Description of costs

Item 10-year cost

Salary for full-time community CPR specialist $500,000
Presentation supplies (projector, microphone,

screen, etc.)
$2,150

CPR manikins (includes school system, replaced
every 2 years)

$126,725

Hand-outs and misc. costs $1,113
Vehicle and transportation $23,649
Total cost $653,636
Average cost per year $65,363
Average number trained per year 11,325
Average cost per trainee $5.77

the county; the exclusion of certain age groups from
the potential BCPR pool (those below 14 and over
75 years); death and birth rates in Howard County;
along with compression-only BCPR knowledge reten-
tion, is considered to be >10 years based on literature
estimates and the simplicity of this method com-
pared to previous guidelines, unless the individual
graduates from the eligible age pool.32 Utilizing all
these variables, a point estimate of a 3% increase in
the population prevalence of compression-only CPR
knowledge for each year of intervention was derived.
This number is slightly less than the actual training
figure of closer to 4% of the population per year.

A linear scale-up function was created to predict
the effects of continuing the intervention over a 10-
year period on the incidence of BCPR. The scale-up
function incorporated the reach of training, the inci-
dence of OHCA, and the base case BCPR incidence rate
(Table 3).

RESULTS

A total of 371 nontraumatic OHCAs occurred within
the study period. This amounts to an average inci-
dence of roughly 64 arrests per 100,000 population per
year, which is higher than rates in the literature.26,33

Overall, 114 (30.7%) of the arrests had prehospital
ROSC and 29 (8.0%) had good neurologic outcome at
hospital discharge, considered to be a CPC score of 1 or

TABLE 3. Linear scale-up function

Intervention OHCAs receiving Total OHCAs
year BCPR,% receiving BCPR

0 33.4 64
1 36.4 70
2 38.4 76
3 41.4 82
4 44.4 87
5 47.4 93
6 50.4 99
7 53.4 105
8 56.4 111
9 59.4 116
10 62.4 123

TABLE 4. Summary of outcome variables

Variable n %

BCPR
BCPR 124 33.4
No BCPR 247 66.6

ROSC
ROSC 114 30.7
No ROSC 257 69.3

Neurologic outcome of survivors
CPC score 1-2 29 8.0
CPC score 3-4 11 5.6

2 (Table 4). Three hundred twenty-four persons, or 89%
of the sample, did not survive to hospital discharge.
One hundred seventy-three arrests (47.9%) were wit-
nessed and 143 (38.7%) had an AED applied by a by-
stander. The initial ECG rhythm breakdown was 22.9%
shockable rhythms (V-fib/V-tac), 18.3% pulseless elec-
trical activity (PEA), and 58.9% asystole. The average
age of all patients studied was 65.8 years, with a stan-
dard deviation of 16.7 years. The majority of cardiac
arrests occurred in the home (n = 257, 69.3%) with an-
other 48 (12.9%) occurring in public settings (Table 5).

Of the total 371 cardiac arrests, 124 (33.4%) received
bystander CPR prior to EMS arrival, and 247 (66.6%)
did not (Table 4). Cross-tabulation and chi-square anal-
ysis to stratify the covariables by BCPR revealed that
a significantly increased proportion of those who re-
ceived BCPR also had an AED applied. There was no
correlation between witnessed arrest and performance
of BCPR; a significantly increased proportion of those
who received BCPR were found to be in a shockable
rhythm when the initial ECG was performed and a sig-
nificantly decreased number were found to be in PEA
arrest. In the setting of a private home, the chances of
receiving BCPR were significantly smaller, whereas in
public a nearly equal number of people received and
did not receive BCPR (Table 6).

TABLE 5. Summary of data set

Parameter n % of total

Age
Average 65.8
Range 18–97
SD 16.7

First ECG rhythm
Shockable: V-Tac, V-Fib 84 22.9
PEA 67 18.3
Asystole 216 58.9

Arrest witnessed 173 47.9
AED applied 143 38.7
Location

Home residence 257 69.3
Public 48 12.9
Nursing facility or medical care

setting
59 15.9

Other/unknown 7 1.8
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TABLE 6. Comparison of BCPR and no BCPR groups

Parameter BCPR (%) No BCPRa (%) P-value

Ageb

Average (range) 65 (23–96) 66 (18–97) .737
First ECG rhythm

Shockable: V-Tac, V-Fib 39 (31.7) 45 (18.4) .004
PEA 12 (9.76) 55 (22.5) .003
Asystole 72 (58.5) 144 (59.0) .930
Arrest witnessedc 53 (30.6) 120 (69.4) .223
AED applied 57 (46.0) 86 (35.0) .040

Locationc

Home residence 97 (37.7) 160 (62.3) .008
Public 21 (43.7) 27 (56.2) .104
Nursing/medical facility 0 (0.0%) 59 (100) —

aIncludes EMS and police initiating CPR; excludes RNs, MDs, and off-duty
EMS at skilled nursing facilities or other medical care settings.
bAll MOLST (Medical Orders for Life-Sustaining Treatment)/DNR patients
excluded.
cBCPR/no BCPR percentage include witnessed arrests only.

Univariate logistic regression of the variables found
that arrest-witnessed, AED-applied, arrest occurring in
public and a shockable rhythm on initial ECG were all
significantly associated with positive ROSC and neuro-
logic outcomes (Table 7). A home arrest was associated
with worse neurologic outcome. Exposure to BCPR did
not significantly affect the odds of ROSC, but a strong
trend was noted between BCPR and neurologic out-
come for the survivors. Controlling for witnessed ar-
rest modified the effect of BCPR only on neurologic
outcome, increasing it to a level of statistical signifi-
cance (Table 7).

Cost-effectiveness Results

The base case scenario utilized the current system of
bystander CPR training and emergency response in
Howard County interpolated to a 1-year analytic win-
dow, then projected 10 years into the future. The results
of the base case analysis (Table 8) included 208 QALYs
saved by BCPR at a cost of zero dollars.

Over 10 years, the training program can expect to
have trained roughly 110,000 people. As shown in
Table 8, 647 OHCAs receive BCPR in the base case
over those 10 years. In the intervention scenario 966

TABLE 8. CEA results

10 years 10 years
Parameter base case intervention

Total OHCA 1,936 1,936
Total BCPR 647 966
Total death before discharge 1,871 1,864
Total lives saved (lived to

discharge)
65 72

Total discharge CPC 1, 2 48 55
Total discharge CPC 3, 4 17 17
Total life years saved 285 324
Total QALYs saved 208 237
Total cost — $653,630
Incremental cost-effectiveness ratios

Cost per life saved $93,376
Cost per life year saved $16,760
Cost per QALY saved $22,539

receive BCPR over the same time period. The incre-
mental cost-effectiveness ratios are as follows: $93,376
per life saved, $16,760 per life-year saved, and a final
incremental cost-effectiveness ratio (ICER) of $22,539
per QALY saved. Here, life saved is taken to mean an
OHCA patient who is discharged alive from the hospi-
tal with a CPC score of 1–2 (Table 8).

Sensitivity Analysis

One- and two-way sensitivities were conducted on all
the key variables in the model (Figure 3). The influence
of the CPC outcome variables and the odds of ROSC
are split by BCPR and no BCPR, as we assume these
values fluctuate within their confidence intervals inde-
pendently. Life expectancy refers to the influence of the
estimated life expectancy of OHCA survivors stratified
by their CPC status at discharge. The utility of survival
reflects the influence of the QALY value assigned to the
remaining time an OHCA survivor lives at a certain
CPC level. As mentioned earlier, reach of training was
the variable with the most effect on final ICER values.
This was followed by CPC outcomes, life expectancy,
the initial incidence of BCPR, and overall cost of
training.

The remaining variables were found to have little im-
pact on the final ICER values. All values of the sensi-

TABLE 7. Effect of variables on outcome measures

Outcome: ROSC Outcome: Favorable CPC score

Variable Odds ratio CI (p) Odds ratio CI (p)

BCPR 1.32 0.83–2.09 (0.24) 1.94 0.90–4.15 (0.09)
BCPR (witnessed arrests only) 1.57 0.82–3.00 (0.175) 2.68 1.17–6.15 (0.02)
Arrest witnessed 3.72 2.31–6.0 ( < 0.00) 37.0 5.0–275 ( < 0.00)
AED use 3.01 1.91–4.75 ( < 0.00) 5.73 2.38–13.8 ( < 0.00)
Home arrest 0.67 0.42–1.07 (0.09) 0.17 0.07–0.38 ( < 0.00)
Public arrest 3.86 2.07–7.21 ( < 0.00) 12.1 5.32–27.4 ( < 0.00)
Asystole arrest 0.29 0.18–0.46 ( < 0.00) 0.02 0.00–0.16 ( < 0.00)
PEA arrest 1.03 0.58–1.83 (0.91) 0.69 0.23–2.07 (0.51)
Shockable rhythm arrest 4.80 2.86–8.02 ( < 0.00) 21.7 7.95–59.1 ( < 0.00)
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FIGURE 3. Sensitivity analysis.

tivity analysis remained well under $100,000 per QALY
saved, which is commonly used as a cutoff to judge the
cost-effectiveness of a public health intervention in the
United States.34,35

Linear Scale-up Function

Analysis of the data showed that the primary benefit
of BCPR occurs with witnessed arrests, which totaled
48% of all arrests in the sample. However, only 30%
of witnessed arrests received BCPR and only 43% of
all BCPR performed was on a witnessed arrest. Con-
sidering the analysis is not confined in the scale-up to
only witnessed arrests, it is felt that there was plenty
of room to increase the incidence of BCPR to the ex-
tent of the 10-year time horizon. However, the benefits
of increased incidence are mitigated by the inability to
preferentially target only witnessed arrests, which the
model takes into account.

DISCUSSION

Implications for Community CPR

In this study, retrospective EMS data were examined to
determine the incidence of bystander CPR and its effi-
cacy to promote prehospital return of spontaneous cir-
culation (ROSC) and favorable Cerebral Performance
Category Scale (CPC) scores at hospital discharge
in victims of out-of-hospital cardiac arrest (OHCA)
within a county-level EMS jurisdiction. By estimat-
ing the prevalence of trained bystanders and using
records on the costing and output of the countywide
CPR training programs, a cost-effectiveness model for
community CPR training programs was created. Previ-
ous cost-effectiveness models in this field have a lim-
ited scope or focus exclusively on the implementation
of public access defibrillators. The present study is the
first to examine outcome data and actual training costs
and for an individual jurisdictional community CPR
program.13−21 Findings of this study will guide na-

tional level policy and guideline discussions by pro-
viding cost-effectiveness data on reducing the devas-
tating impact of cardiac arrest on communities.

Results indicate that an EMS jurisdiction-based
compression-only CPR training outreach program can
improve out-of-hospital cardiac arrest survival at a
price of $16,760 per life-year saved and $22,539 per
QALY. We are not aware of any previous cost–benefit
analyses that look at this particular intervention. Some
estimates do exist with regards to older models of com-
munity CPR training, as well as other interventions
for OHCA, such as defibrillators. However, the present
study presents a unique, real-world analysis of com-
munity CPR costs and outcomes because data were
drawn from within a single jurisdiction with minimal
use of literature values.

Groeneveld and Owens estimate a cost of $202,400
per QALY for community CPR training providing CPR
certification. This higher cost estimate is likely due
to the factoring in of AED training and purchase, as
well as the variability added by the use of a com-
pletely modeled population, setting, and outcomes.
Furthermore, the point estimate does not fully re-
flect the wide range of results their model produces
as the baseline prevalence of CPR-trained individuals
fluctuates.13 Nichol et al. examined cost-effectiveness
of layperson CPR training and AED use. Their ICER
results for CPR were remarkably similar to our find-
ings ($22,100 – $62,600) despite an older form of
BCPR training with increased costs and different
model design that did not account for neurologic
outcome.14

When compared to literature values for other EMS
cardiac arrest interventions, a community CPR out-
reach program represents a cost-effective means by
which a fire or EMS department may save lives
(Table 9). Here, the community CPR program was
more cost-effective than programs to implement PAD
at locations with high-risk individuals ($44,000 per
QALY)17 and PAD and AED training in high schools
($108,334 – $170,233, Table 9),15 as well as many
other non-EMS interventions (Table 9). The initial
implementation of paramedic care in cardiac arrest
($8,886/QALY)19 and implementation of PAD in ru-
ral locations ($2,616/QALY)18 proved to be more cost-
effective, as did non-EMS public safety outreach in-
cluding interventions in tobacco and high-risk al-
cohol use and smoke alarm installation and give-
away programs.36−39 The community CPR outreach
was more cost-effective than many common non-EMS
medical interventions, including renal dialysis and
heart, liver, and lung transplantation.40−42

Data from this study indicate that bystander CPR in-
creased the incidence of a good CPC score (as defined
as CPC 1 or 2). However, while BCPR may improve
neurologic outcome for survivors, it does not appear
to decrease overall mortality.
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TABLE 9. Comparison of costs from literature

Intervention $/QALY or LEa Reference

Community CPR outreach
Community CPR $22,539 Current study
Community CPR, literature-based estimates $202,400 for training only (with certification) Groeneveld and Owens13

$2,489,700 for training and AED purchase
$75,000 for training individuals living with

persons age 75 or older or who had cardiac
disease

Layperson CPR vs. CPR plus AED training in
multiple EMS systems

$42,400 (CPR training only) Nichol et al.14

$46,700 (CPR + AED training)

Other EMS community outreach
Project ADAM: PAD and AED training in high

schools
$108,334.00 – $170,233.00 at 5 years Berger et al.15

AED implementation on commercial aircraft $34,000 Cram et al.16

PAD at locations with high-risk individuals $44,000 Nichol et al.17

PAD in rural locations $2,616 Mears et al.18

Other EMS interventions
Paramedic care in cardiac arrest $8,886 Valenzuela et al.19

Therapeutic hypothermia after witnessed
out-of-hospital ventricular fibrillation arrest

$47,168 Merchant et al.20

48-second improvement in mean EMS response
time

$368,000 Nichol et al.21

Additional EMS apparatus $53,000 per pump vehicle Nichol et al.21

$159,000 per ambulance

Non-EMS public outreach
Interventions in hazardous alcohol, tobacco $297 - $1,919b (Alcohol physician advice, random

breath testing, excise tax, advertisement ban,
reduced retail access)

Chisholm et al.34

$52 – 3,806 (Tobacco excise tac, clean indoor air
law, comprehensive advertisement ban,
information dissemination, nicotine replacement
therapy)

Ban on cell phone use by drivers $300,000 Redelmeier and Weinstein35

Motivational interviewing to confront
alcohol-related risk behaviors

$8,795 Neighbors et al.36

Smoke alarm giveaway and installation $51,404 (smoke detector giveaway program) Liu et al.37

$45,630 (smoke detector installation program)

Non-EMS medical interventions
Inpatient dialysis for renal failure $128,000 (1994 USD) Hamel et al.38

$274,100 (1994 USD) with worst prognosis
LVAD in advanced heart failure $198,184 Rogers et al.39

Heart, liver, lung transplant $46,000; $31,000; $61,000, respectively Machnicki et al.40

aLE, long-term survival expectancy, comparable to QALY.
bPrice per disability-adjusted life year (DALY).

This research demonstrates a strong correlation be-
tween performance of BCPR and initial ECG rhythm.
Those who received BCPR were significantly more
likely to be found in a shockable rhythm and less likely
to be in a PEA arrest. Human data demonstrates an
association of good-quality CPR with coronary perfu-
sion pressure (CPP) of greater than 15 mmHg and a
higher rate of return of spontaneous circulation.43−45

Animal studies demonstrate an association of good-
quality CPR with increased levels of intramyocardial
ATP, higher amplitude, and higher frequency charac-
teristics of VF and a greater ROSC.46 Based on the
results of the current study, BCPR was associated
with a higher rate of shockable rhythm, likely due
to improved CPP and increased intramyocardial lev-

els of ATP. Future cardiac arrest research can further
elucidate the impact of BCPR on neurologically intact
cardiac arrest survival.

Results demonstrating that witnessed arrest, AED
application, and public location are all significantly as-
sociated with positive ROSC, and neurologic outcomes
indicate that BCPR is a helpful intervention for im-
proving neurologic outcome for survivors when per-
formed rapidly after arrest. However, its utility wanes
as time between arrest and onset of CPR increases.47

These results fall closely in line with the findings of
several recent large-scale studies. Yasunga et al. found
significantly better neurologic outcomes resulting from
the performance of BCPR in comparison groups that
included only witnessed arrests.6 A composite model
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recently published by the Cardiac Arrest Registry to
Enhance Survival (CARES Group) looked at both wit-
nessed and unwitnessed arrests, and similarly found
that the effect of BCPR on survival was enhanced in
the situation of witnessed arrest.47

Furthermore, this study shed light on the poten-
tial for a high incidence of bystander CPR in a juris-
diction with extensive community CPR outreach. Ap-
proximately one-third of all victims of out-of-hospital
cardiac arrest received bystander CPR in the studied
data set, which is higher than the national average of
25%.1

Data also demonstrate that bystander CPR is less
likely in the home setting, and arrests in the home set-
ting are significantly associated with worse neurologic
outcome. These are concerning findings considering
that most out-of-hospital cardiac arrests occur at home,
which is particularly surprising because potential bar-
riers to bystander CPR are likely low in this setting. For
instance, the victim may be a friend or family mem-
ber, in which case a bystander might have less fear of
disease transmission, legal ramifications, or other com-
mon barriers.2, 7−9 In fact, survey-based studies have
indicated more willingness to perform CPR on a family
member than a stranger.7 However, the findings of the
present study are in line with literature indicating that
general anxiety and panic are the prevailing barriers to
bystander CPR, which might be expected to be espe-
cially overwhelming if the victim is a friend or family
member.9

Bystander CPR was neither less likely nor more
likely to occur in a public setting. This finding is sur-
prising considering the presumably large number of
bystanders in many public settings, so that a greater
incidence of BCPR would be expected. These results
indicate a need for greater research into barriers to by-
stander CPR in public settings and how they can be
overcome.

The HCDFRS Community CPR Program

The HCDFRS community CPR program takes a proac-
tive “come to you” approach to its CPR outreach.
In addition to holding monthly American Heart As-
sociation Family & Friends31guided CPR trainings at
its headquarters about twice per month, it employs
a community CPR specialist to actively seek out and
contact community organizations to set up and ad-
minister CPR training events, which occur about twice
per week. The community CPR specialist position is
unbenefited and totals 30 hours per week. Because
compression-only CPR can be taught in as little as 10
minutes, training is provided for any time frame an
organization offers.10 The CPR training events include
“sidewalk”48 CPR sessions at local libraries and shop-
ping centers where laypersons may stop by at their
convenience to learn CPR and ask questions. In order

to encourage interactive trainings, the department’s
trainers do not wear an official fire department uni-
form when conducting community CPR training. This
is particularly important in light of psychological re-
search indicating that EMS uniforms might be mis-
taken for police,49 and the negative attitudes associated
with police uniforms50 might prevent laypersons from
asking questions and gaining the full benefits of a CPR
training event.

Like many jurisdictions, HCDFRS has implemented
hands-only CPR training in public middle and
high schools where CPR training is a graduation
requirement.48 The community CPR specialist devel-
oped a train-the-trainer model for teachers of health
classes to offer CPR training as a half-hour module in
the health class curriculum. Training programs empha-
size quick action by bystanders and focus on proper
identification of victims of cardiac arrest.52 Training
also emphasizes lack of liability under jurisdictional
good Samaritan laws, limited risk of disease transmis-
sion with compression-only CPR, and the unlikeliness
of causing further harm to an individual already in car-
diac arrest.

LIMITATIONS

One possible limitation of the study is the use of
ROSC as one of the outcome measures. Because many
patients with ROSC in the field may not survive to
hospital discharge and may have a poor long-term
neurologic outcome, it may not be an ideal outcome
measure. However, previous studies show that return
of spontaneous circulation in the prehospital setting
is a positive predictor of out-of-hospital cardiac arrest
survival to hospital discharge.53−55 This study directly
addresses this concern by also including CPC score at
hospital discharge in our model. Because the ultimate
goal of CPR and post-cardiac arrest care is quality
of life, this is the ideal outcome measure and should
be the standard for studies examining cardiac arrest
outcomes.

The developed model does not account for the bar-
riers in reaching all individuals living within an EMS
jurisdiction to teach community CPR. Here, a linear in-
crease in CPR-trained individuals was assumed, when
in reality a community CPR program may face increas-
ing difficulty in reaching out to an entire population,
particularly homeless and impoverished individuals.
Therefore, a logarithmic growth pattern is possible. An
exponential increase in trained individuals is also pos-
sible if a layperson trained in bystander CPR were to
take it upon himself to train more laypersons and so
on.

The study assumes that increased community CPR
training results in a higher incidence of BCPR. Pre-
vious studies have investigated the incidence of CPR
training among bystanders who performed BCPR and
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correlated community CPR initiatives to increased
rates of BCPR.9,56 However, causality between commu-
nity CPR programs and increased incidence of BCPR
has not been conclusively established and deserves
consideration for future studies.

Another limitation is the baseline estimate of 20%
CPR-trained individuals of the lay population. Be-
cause these data were unavailable for the specific
jurisdictions, inferences were drawn from literature.
However, this estimation does not significantly affect
the model because the saturation of CPR-trained
individuals in each jurisdiction was greatly increased
by community CPR programs in each jurisdiction,
and a disparity still appeared. Additionally, it is a
very conservative baseline estimate in comparison
to literature values and considering the affluent na-
ture of the studied jurisdiction. All other key model
parameters were taken directly from the data set or
were conservative estimates from literature.

CONCLUSION

This study utilizes a cost-effectiveness model to es-
timate the impact of a jurisdictional bystander CPR
program. Given the poor outcomes traditionally asso-
ciated with out of hospital cardiac arrest, the results
of this study support the usefulness of programs that
train bystanders to perform CPR. Community CPR
training programs embrace interventions consistently
linked to survival: early bystander care and early com-
pression delivery. The cost-effectiveness findings of
this analysis demonstrate the financial utility of by-
stander CPR training. Further research is needed to
better understand the economic effects of the increase
in quality adjusted life-years and improved neurologic
outcome associated with bystander CPR.
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