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Background-—Bystander cardiopulmonary resuscitation (CPR) more than doubles the chance of surviving an out-of-hospital cardiac
arrest. Recent data have shown considerable regional variation in bystander CPR rates across the Australian state of Victoria. This
study aims to determine whether there is associated regional variation in rates of CPR training and willingness to perform CPR in
these communities.

Methods and Results-—We categorized each Victorian postcode as either a low or high bystander CPR region using data on adult,
bystander-witnessed, out-of-hospital cardiac arrests of presumed cardiac etiology (n=7175) from the Victorian Ambulance Cardiac
Arrest Registry. We then surveyed adult Victorians (n=404) and compared CPR training data of the respondents from low and high
bystander CPR regions. Of the 404 adults surveyed, 223 (55%) resided in regions with low bystander CPR. Compared with
respondents from high bystander CPR regions, respondents residing in regions with low bystander CPR had lower rates of CPR
training (62% versus 75%, P=0.009) and lower self-ratings for their overall knowledge of CPR (76% versus 84%, P=0.04). There were
no differences between the regions in their reasons for not having undergone CPR training or in their willingness to perform CPR.
Rates of survival for bystander-witnessed, out-of-hospital cardiac arrests were significantly lower in low bystander CPR regions
(15.7% versus 17.0%, P<0.001).

Conclusions-—This study found lower rates of CPR training and lower survival in regions with lower rates of bystander CPR in
Victoria, Australia. Targeting these regions with CPR training programs may improve bystander CPR rates and out-of-hospital
cardiac arrest outcomes. ( J Am Heart Assoc. 2017;6:e005972. DOI: 10.1161/JAHA.117.005972.)
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B ystander cardiopulmonary resuscitation (CPR) for
patients with out-of-hospital cardiac arrest (OHCA) more

than doubles survival.1,2 Bystander CPR increases the likeli-
hood of patients being found in a shockable cardiac rhythm
and of emergency medical services attempting a resusitca-
tion.3 In turn, shockable rhythms are treatable with defibril-
lation and CPR and are also associated with greater survival.3

However, bystander CPR is not provided in every instance,

and recent reports have indicated the existence of significant
regional variation in rates of bystander CPR.4–6

In our region, the Australian state of Victoria, only 42% of
those with OHCA receive bystander CPR (�75% in bystander-
witnessed OHCAs).7 This occurs despite relatively high
recognition of OHCA by dispatchers during the emergency
call (�85%)7 and the availability of dispatcher CPR instruc-
tions.8 As has been reported internationally,4,5 we have also
found a significant variation in bystander CPR rates across our
state and, in some instances, between neighboring areas.6

Recent evidence from 2 studies9,10 suggests residents in
regions of low CPR may have lower rates of CPR training. A
study of major CPR providers in the United States found
regional variation in attendance at CPR classes over the
course of a year, with lower rates seen in regions with lower
rates of bystander CPR.9 Another report from Korea found
regional variation in self-reported CPR training, and again, an
association was found between low training rates in regions
with lower bystander CPR.10 Given that CPR training is
associated with higher willingness11 and likelihood to perform
CPR,12 it is possible that a regional variation in CPR training
rates exists in our region and may be contributing to the
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variation seen in bystander CPR rates. In this study, we aimed
to determine whether regions of Victoria with lower CPR rates
also have lower rates of CPR training, knowledge, and
willingness to perform CPR.

Methods
This cross-sectional study was conducted in the Australian
state of Victoria (population 5.79 million). The study used
data from 2 sources: (1) the Victorian Cardiac Arrest Registry
(VACAR) and (2) survey data of adult Victorians in 2016. This
study was approved by the Monash University human ethics
committee.

Identification of Regions With Low CPR Rates
The VACAR is described in detail elsewhere.7,13 In brief, the
VACAR is maintained by Ambulance Victoria and is a
statewide OHCA registry using the Utstein definitions.14,15

The VACAR includes a variable for bystander CPR, defined
as any attempt at chest compressions (with or without
breaths). The VACAR data were used to calculate bystander
CPR rates for each Victorian postcode. To do this, we
extracted cases of adult, bystander-witnessed (not a para-
medic) arrests of presumed cardiac etiology for the period
from 2008 to 2015 (n=7175). As described elsewhere,6 we
calculated annual smoothed estimates of the bystander CPR
and OHCA survival rates for each Victorian postcode using
mixed-effects regression. This method provides more conser-
vative estimates of the rates where data are sparse (eg,
postcodes with small numbers of OHCAs) and is clustered in
uneven group sizes. We allowed for the average rate to vary
over time by using year as a linear predictor and for regional
variation by using a random effect on each postcode. As
previously used,6 the smoothed estimate refers to the fitted
value of the model and is an inverse variance weighted

average of the fixed- and random-effect components of the
model. Because bystander CPR and survival rates varied
annually, we used smoothed estimates from the year 2015—
the year closest to the survey year (early 2016)—in the
statistical analysis.

Collection of CPR Training Data
Over the month of April 2016, a telephone survey of 404
adults in Victoria was conducted. Following a brief introduc-
tion of the study, the respondent’s consent was implied by
continuation in the survey. The survey methods and the
demographics of the respondents are described elsewhere.11

Briefly, a computer-assisted telephone interviewing survey of
Victorian, English-speaking adults was conducted by a
professional survey center. The survey (available from the
corresponding author) gathered information about demo-
graphics, previous CPR training, self-rated confidence and
knowledge about CPR (5-point Likert scale), awareness of
hands-only CPR, and willingness to perform CPR in 5
scenarios (from close relative to stranger). A sample of 400
was selected based on previous CPR training rates in our
region (estimated at 52%16) and a confidence interval of 95%
and a margin of error of 5%. The survey response rate was
45%. The survey sampling strategy used mobile (25%) and
landline (75%) phone numbers and aimed to include 75%
metropolitan and 25% regional/rural residents to reflect the
population and cardiac arrest distribution in the state. The
survey also ascertained reasons for not having CPR training
and the respondents’ residential postcode.

Analysis
The residential postcodes of those surveyed were categorized
as either high or low CPR regions using the median smoothed
bystander CPR rate for bystander-witnessed arrests. In 2015,
the median estimate of bystander CPR for witnessed OHCAs
of cardiac origin among postcodes was 75.6%; postcodes with
estimated CPR rates below this rate were categorized as
regions with low bystander CPR and those at or above this
rate were categorized as regions with high bystander CPR.
Respondents residing in postcodes with no OHCAs during the
study period (n=18) were categorized using the average
bystander CPR rates of all surrounding postcodes with which
they shared a boundary.

The telephone survey data and OHCA survival from 2015
were then compared between regions with high and low
bystander CPR rates. Because all data were categorical, we
used the v2 statistic to compare groups. We used logistic
regression to examine the independent association between
regions with high and low CPR (high versus low) and CPR
training, adjusting for the demographics (female sex, age

Clinical Perspective

What Is New?

• Our study found that the regional variation seen in
bystander CPR rates for adult, witnessed, out-of-hospital
cardiac arrest is associated with similar variation in the CPR
training rates of residents.

• Importantly, there was no difference between regions in
willingness to provide or learn CPR.

What Are the Clinical Implications?

• Providing CPR training in these regions may improve
bystander CPR rates and thus outcomes from out-of-
hospital cardiac arrest.
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groups, regional/rural postcode, born in English-speaking
country, and level of education) of those surveyed (reported
as an adjusted odds ratio and 95% confidence interval). We
also conducted a sensitivity analysis removing respondents
residing in postcodes with no OHCAs. P<0.05 was considered
to be statistically significant.

Results
Of the 404 adults surveyed, 223 (55%) resided in regions with
low CPR. There were no significant differences in the
demographic characteristics of respondents between the
high and low CPR regions (Table 1).

Respondents residing in regions with low CPR were less
likely to have received CPR training (62% versus 75%,
P=0.009; Figure 1) compared with residents of regions with
high CPR rates, and this association remained significant after
adjusting for the demographics of those surveyed (adjusted
odds ratio: 0.55; 95% confidence interval, 0.35–0.87;
P=0.01). The direction of effect and statistical significance
did not change with removal of respondents with missing
estimates for bystander CPR in the sensitivity analysis (data
not shown).

For respondents who had received CPR training, there
were no differences between the high and low regions in the
time since CPR training (Table 2), although the majority had
not received recent CPR training (71% were trained
>12 months before the survey). Reasons for not receiving

CPR training between the 2 regions were similar, with most
stating they had “never thought about being trained” or citing
“lack of time” as a factor. Approximately half of those who
had never received CPR training stated that they would be
willing to learn via a CPR training kit at home, and this
proportion was similar between the 2 regions (50% versus
44% for high and low respectively, P=0.48).

Table 1. A Comparison of the Demographics of Respondents From Regions With Low and High Bystander CPR

Characteristics
Regions With Low
Bystander CPR (n=223)

Regions With High
Bystander CPR (n=181)

Univariate
P Value

Adjusted Odd
Ratio (95% CI)

Multivariate
P Value

Female, n (%) 124 (56) 113 (62) 0.16 0.78 (0.52–1.18) 0.24

Age, n (%)

18–34 22 (10) 25 (14) 0.29 Reference

35–54 73 (33) 68 (38) 1.25 (0.64–2.45) 0.51

55–74 93 (42) 51 (34) 1.83 (0.93–6.62) 0.08

≥75 35 (16) 27 (15) 1.47 (0.65–3.33) 0.35

Born in Australia, n (%)* 163 (73) 122 (67) 0.81 . . . . . .

Born in English-speaking country, n (%) 174 (78) 143 (79) 0.99 1.10 (0.66–1.83) 0.71

Resides in rural region, n (%) 61 (27) 49 (27) 0.30 0.93 (0.58–1.48) 0.76

Level of education, n (%)

Primary or some high school 40 (18) 38 (21) 0.40 Reference

High school 92 (41) 63 (35) 1.58 (0.88–2.83) 0.12

Tertiary 91 (41) 80 (44) 1.35 (0.75–2.43) 0.31

Prior CPR training, n (%) 139 (62) 135 (75) 0.009 0.55 (0.35–0.87) 0.01

CI indicates confidence interval; CPR, cardiopulmonary resuscitation.
*Born in Australia was not included in multivariate model due to multicollinearity with born in English-speaking country.
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Figure 1. A comparison of rates of cardiopulmonary resuscita-
tion (CPR) training, self-reported knowledge, confidence to
perform CPR, and awareness of hands-only CPR between regions
with low and high bystander CPR (error bars represent 95%
confidence intervals).
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Respondents in regions with lower CPR rates also had
lower self-ratings for their overall knowledge of CPR (good to
excellent: 76% versus 84%; P=0.04; Figure 1), but they

reported levels of confidence similar to those in high CPR
regions. There was also no significant difference between the
2 regions in the willingness to perform either standard or
hands-only CPR on family members, children, friends, or
strangers.

Residents in regions with low rates of CPR were more likely
to have heard of hands-only CPR; however, they were more
likely to have heard about it through the media rather than in
CPR classes.

In the postcodes in which respondents resided, rates of
survival for bystander-witnessed OHCAs in 2015 were signif-
icantly lower in regions with low bystander CPR (15.7% versus
17.0%, P<0.001; Figure 2).

Discussion
Across the Australian state of Victoria, we found that regions
with low bystander CPR rates also had lower rates of CPR
training, self-rated CPR knowledge, and OHCA survival when
compared with regions with high rates of CPR. However, there
were no differences in confidence or willingness to perform
CPR in hypothetical situations.

Our results confirm and add to those recently reported
from Korea, in which regional variation in CPR rates was also
associated with differences in CPR training rates.10 Given that
people without CPR training are less likely to provide
bystander CPR,17 this finding is important—particularly in
our region, as we had not previously identified any unique
characteristics of the population in these regions.18 We are
currently listening to the emergency calls in regions with low
bystander CPR to better understand the reasons for not
providing CPR. However, it is possible that in some cases,
untrained bystanders experience difficulty in identifying a
person in cardiac arrest or lack confidence to follow
dispatcher instructions. Importantly, our findings also suggest

Table 2. A Comparison of CPR Training and Willingness to
Perform CPR Between Low and High Bystander CPR Regions

Characteristics

Regions With
Low Bystander
CPR (n=223)

Regions With
High Bystander
CPR (n=181) P Value

Prior CPR training, n (%) 139 (62) 135 (75) 0.009

Time since training, n (%)

<1 y 40 (29) 38 (28)

1–5 y 29 (21) 22 (16)

5 y 68 (49) 73 (54) 0.77

Can recall 9 (1) 2 (1)

Reasons for not receiving training, n (%)

Never thought about it 49 (58) 28 (61) 0.78

Time 23 (27) 9 (20) 0.32

Did not know where
to learn

13 (15) 6 (13) 0.71

Cost 6 (7) 6 (13) 0.27

Other 6 (7) 6 (13) 0.27

Previously performed CPR
in an emergency, n (%)

28 (13) 24 (13) 0.65

Heard of hands-only CPR,
n (%)

124 (56) 77 (43) 0.03

Source of hands-only CPR awareness, n (%)

First aid course 48 (39) 38 (49) 0.28

Social media 19 (15) 10 (13)

Other media 25 (20) 8 (10)

Word of mouth 24 (19) 15 (19)

DVD kit 1 (1) 0 (0)

Other (online) 2 (1) 1 (3)

Cannot recall 3 (2) 1 (1)

Willingness to perform conventional CPR, n (%)

Close family member 204 (91) 160 (88) 0.62

Distant family member 193 (86) 152 (84) 0.64

Friend 196 (88) 152 (84) 0.58

Unrelated child 189 (85) 153 (85) 0.31

Stranger 151 (67) 121 (67) 0.69

Willingness to perform hands-only CPR, n (%)

Close family member 203 (91) 158 (87) 0.47

Distant family member 202 (91) 157 (87) 0.40

Friend 202 (91) 159 (88) 0.56

Unrelated child 190 (85) 155 (86) 0.46

Stranger 196 (88) 150 (83) 0.38

CPR indicates cardiopulmonary resuscitation.
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Figure 2. A comparison of rates of survival for bystander
witnessed out-of-hospital cardiac arrests in 2015 between
regions with low and high bystander cardiopulmonary resuscita-
tion (CPR; error bars represent 95% confidence intervals [CI]).
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that untrained persons in regions of low CPR would be willing
to perform and learn CPR, particularly using self-instructional
methods.

Targeting low CPR regions with CPR educational programs
may have considerable potential to improve bystander CPR
rates and survival, specifically if focused on regions with
accompanying high OHCA incidence.19 The Community CPR
Take 10 Program conducted in the United States, for example,
targeted CPR education in high-risk regions and saw a
subsequent increase in CPR rates.20 More recent programs
are now using different training strategies, (eg, classes, self-
instruction, online)21 to overcome the barriers of time and
cost, and the promotion of hands-only (or compression-only)
CPR is now encouraged internationally, especially for
bystanders who are not trained in CPR.22,23

Despite a lack of promotion in our region, there was
reasonable awareness of hands-only CPR in our population
(50%), including regions with low bystander CPR; however,
we did note a difference in the source of this information,
with respondents from low CPR regions more likely to hear
of hands-only CPR via media or word of mouth rather than
through formalized training, where they could practice.
Future efforts to train residents in these regions may need
to consider providing opportunities to receive hands-on
practice and to target groups within these regions known
to have no prior CPR training. As reported previously, in
our region, this includes young adults, those with lower
levels of education, and residents born outside of
Australia.11

Our study also has implications for regions considering
implementing mobile device activation of lay rescuers to
attend OHCA patients.24 An identified issue with such
systems is a lack of trained rescuers.25 Emergency medical
services planning to use these systems may need to consider
identifying and training willing rescuers in regions with
existing low bystander and community CPR training.

This study has several potential limitations. The survey
data are subject to recall and potential responder bias. The
OHCA bystander CPR rates are reported for witnessed OHCA
of presumed cardiac etiology only and do not represent rates
for all OHCA cases. We restricted the data to witnessed
arrests in this study because there was regional variation in
rates of witnessed arrest and because we wanted to remove
cases that were obviously deceased by the time they were
found by bystanders.

In summary, our study found that the regional variation
seen in bystander CPR rates for adult witnessed OHCA is
associated with a similar variation in the CPR training rates of
residents. Importantly, there was no difference between
regions in willingness to provide or learn CPR. Providing CPR
training in these regions may improve bystander CPR rates
and thus outcomes for those with OHCA.
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