
Contents lists available at ScienceDirect

Resuscitation

journal homepage: www.elsevier.com/locate/resuscitation

Clinical paper

Regional variation in the characteristics, incidence and outcomes of out-of-
hospital cardiac arrest in Australia and New Zealand: Results from the Aus-
ROC Epistry☆

Ben Becka,⁎, Janet Braya,b,c, Peter Camerona,c, Karen Smitha,d,e, Tony Walkerd,
Hugh Granthamb,f,g, Cindy Heinf,g, Melanie Thorrowgoodg, Anthony Smithh, Madoka Inoueb,
Tony Smithi, Bridget Dickeri,j, Andy Swainj,k, Emma Bosleyl,m, Katherine Pembertonl,
Michael McKayn, Malcolm Johnston-Leekn, Gavin D. Perkinso, Graham Nicholp, Judith Finna,b,h,
on behalf of the Aus-ROC Steering Committee
a Department of Epidemiology and Preventive Medicine, Monash University, Victoria, Australia
b Prehospital, Resuscitation and Emergency Care Research Unit (PRECRU), Curtin University, Western Australia, Australia
c Emergency and Trauma Centre, The Alfred, Melbourne, Victoria, Australia
d Ambulance Victoria, Victoria, Australia
e Department of Community Emergency Health and Paramedic Practice, Monash University, Australia
f Flinders University, South Australia, Australia
g SA Ambulance Service, South Australia, Australia
h St John Ambulance Western Australia, Western Australia, Australia
i St John, Auckland, New Zealand
jAuckland University of Technology, Auckland, New Zealand
kWellington Free Ambulance, Wellington, New Zealand
lQueensland Ambulance Service, Queensland, Australia
m School of Clinical Sciences, Queensland University of Technology, Brisbane, Queensland, Australia
n St John Ambulance NT, Northern Territory, Australia
oWarwick Medical School, University of Warwick, Coventry, United Kingdom
pUniversity of Washington-Harborview Center for Prehospital Emergency Care, University of Washington, Seattle, WA, United States

A R T I C L E I N F O

Keywords:
Out-of-hospital cardiac arrest
Emergency medical service
Epidemiology
Registry

A B S T R A C T

Introduction: The aim of this study was to investigate regional variation in the characteristics, incidence and
outcomes of out-of-hospital cardiac arrest (OHCA) in Australia and New Zealand.
Methods: This was a population-based cohort study of OHCA using data from the Aus-ROC Australian and New
Zealand OHCA Epistry over the period of 01 January 2015–31 December 2015. Seven ambulance services
contributed data to the Epistry with a capture population of 19.8 million people. All OHCA attended by am-
bulance, regardless of aetiology or patient age, were included.
Results: In 2015, there were 19,722 OHCA cases recorded in the Aus-ROC Epistry with an overall crude in-
cidence of 102.5 cases per 100,000 population (range: 51.0–107.7 per 100,000 population). Of all OHCA cases
attended by EMS (excluding EMS-witnessed cases), bystander CPR was performed in 41% of cases (range:
36%–50%). Resuscitation was attempted (by EMS) in 48% of cases (range: 40%–68%). The crude incidence for
attempted resuscitation cases was 47.6 per 100,000 population (range: 34.7–54.1 per 100,000 population). Of
cases with attempted resuscitation, 28% survived the event (range: 21%–36%) and 12% survived to hospital
discharge or 30 days (range: 9%–17%; data provided by five ambulance services).
Conclusion: In the first results of the Aus-ROC Australian and New Zealand OHCA Epistry, significant regional
variation in the incidence, characteristics and outcomes was observed. Understanding the system-level and
public health drivers of this variation will assist in optimisation of the chain of survival provided to OHCA
patients with the aim of improving outcomes.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is a global public health
problem, with significant regional variation reported in the incidence
and outcomes internationally [1–7]. The development of multi-centre
OHCA registries has enhanced our understanding of these regional
differences, by highlighting the influence of different ambulance service
structures; and the patient, ambulance service and clinical factors as-
sociated with survival [8–10]. These national/international registries
also contribute to quantifying the burden of OHCA [1].

In Australia and New Zealand, many regional OHCA registries have
been established, based on geographical boundaries [11–14]. However,
until now, there has not been the infrastructure to combine and com-
pare these data; and therefore little attempt to ensure a consensus of
definitions and standardisation of data elements. This has prevented
understanding of variation in practice and outcomes within our region.
Understanding such factors may provide an opportunity to improve the
systems of care provided to OHCA patients. In this study, we aim to
investigate regional variations in the characteristics, incidence and
outcomes of OHCA in Australia and New Zealand.

Methods

Study design

This is a population-based cohort study of OHCA occurring between
01 January 2015 and 31 December 2015. Data were collected from
seven ambulance services who participate in the Aus-ROC Australia and
New Zealand OHCA Epistry.

Aus-ROC Australian and New Zealand OHCA Epistry

The Aus-ROC Australian and New Zealand OHCA Epistry was es-
tablished with the aim of understanding regional, ambulance service
and treatment factors associated with improved OHCA survival and
outcomes [15]. In this study, seven ambulance services in Australia
(Ambulance Victoria (AV), SA Ambulance Service (SAAS), St John
Ambulance Western Australia (SJAWA), Queensland Ambulance Ser-
vice (QAS) and St John Ambulance Northern Territory (SJANT)) and
New Zealand (St John New Zealand (SJNZ) and Wellington Free Am-
bulance (WFA)) contributed data to the Epistry. Each participating
ambulance service in Australia covers a whole state/territory, while
SJNZ and WFA collectively cover New Zealand (WFA covers the me-
tropolitan region of Wellington, and Wairarapa, and SJNZ cover the
remainder of New Zealand) (Fig. 1). The total catchment population
was approximately 19.8 million persons, representing 64% of the
Australian population and 100% of the New Zealand population. We
are actively engaging with the three non-participating ambulance ser-
vices (NSW Ambulance, Ambulance Tasmania and the ACT Ambulance
Service) with respect to future participation in the Aus-ROC Epistry.
Ethics approval was independently sought by each of the contributing
registries. Over-arching ethics for the Epistry was provided by Monash
University HREC (Approval No. CF12/3938-2012001888).

Description of emergency medical services (EMS)

The ambulance services participating in the Aus-ROC Epistry have
been described previously [16]. Clinical management of OHCA was
noted to be similar across ambulance services, and follow the 2015
Australian and New Zealand Committee on Resuscitation (ANZCOR)
resuscitation guidelines which are co-badged by both the Australian
Resuscitation Council (ARC) and the New Zealand Resuscitation
Council (NZRC) [17,18]. Differences were noted in the proportion of
paramedics with BLS, ALS or intensive care skills training, the geo-
graphical areas serviced (Table 1) and criteria for withholding or ter-
minating resuscitation attempts.

Inclusion criteria

All OHCA cases attended by ambulance, regardless of aetiology or
patient age, were included in this study. There were 54 cases where the
patient was defibrillated and achieved a return of spontaneous circu-
lation (ROSC) prior to the arrival of EMS, which were excluded from
this analysis (AV: n=21; SAAS: n= 3; SJAWA: n=8; QAS: n= 11;
SJANT: n= 1; SJNZ: n= 10; WFA: n=0). All deaths attended by
ambulance are classified as OHCA and thus included in the Epistry. One
ambulance service (Wellington Free Ambulance) provided data on only
those patients that received attempted resuscitation.

Data collection

Data across all participating sites were collected in accordance with
Utstein definitions [19], although some variation in the coding of these
items existed. Recoding of each variable was conducted to improve
uniformity in the data collected. The primary outcome measure was
‘survived event’ (defined as ROSC on arrival at hospital) with ‘ROSC in
the prehospital setting’ and ‘survival to hospital discharge’ or ‘survival
to 30 days’ as key secondary outcomes. The secondary outcome of
survival to hospital discharge was provided by four of the seven par-
ticipating ambulance services. One ambulance service (St John New
Zealand) collected survival to 30 days as their primary outcome. In this
study, survival is reported as either survival to hospital discharge or
survival to 30 days. The Utstein comparator group was defined as those
cases that had attempted resuscitation, were bystander-witnessed and
had a first recorded rhythm that was shockable [19].

Definition of attempted resuscitation

Across six of the seven participating ambulance services, ‘attempted
resuscitation’ was defined as any chest compressions and/or any defi-
brillation by EMS. One ambulance service (Wellington Free Ambulance)
defined ‘attempted resuscitation’ as ‘any purposeful initiation of CPR by
paramedics’ [16].

Data analysis

Annual crude and age-standardised incidence rates (ASIRs) of all
attended cases of OHCA, and annual crude incidence rates for cases of
attempted resuscitation, were calculated. Annual rates were calculated
using population data from the Australian Bureau of Statistics or
Statistics New Zealand. ASIRs were calculated using the direct method
[20] whereby annual age-specific incidence rates were calculated
across 5-year age-groups using the number of OHCAs for each age-
group as numerators. Rates were standardised by 5-year age groups
using the 2011 Australian standard population [21]. Age and/or sex
were missing in 339 cases (1.7%). These data were assumed to be
missing at random and an inflation factor (calculated as the percentage
of missing data; see Supplementary material) was calculated for each
ambulance service and applied to both the crude and age-standardised
incidence rates. Uninflated incidence rates are provided in the Sup-
plementary material.

Comparisons of data between ambulance services were made using
the χ2 test and the Kruskal–Wallis test as appropriate. A summary of
missing data is provided in the Supplementary Material. Data analysis
was performed using Stata (Version 14.2, StataCorp, College Station,
TX). A p-value<0.05 was considered statistically significant.

Results

Overall

In 2015, there were 19,722 OHCA cases recorded in the Aus-ROC
Epistry; 15,129 in Australia (77%) and 4593 in New Zealand (23%).
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Fig. 1. Map of ambulance services contributing to the Aus-ROC Australian and New Zealand OHCA Epistry in 2015.

Table 1
Summary of ambulance services contributing to the Aus-ROC Australian and New Zealand OHCA Epistry in 2015.

Overall Australia New Zealand

Victoria (AV) South
Australia
(SAAS)

Western
Australia
(SJAWA)

Queensland
(QAS)

Northern
Territory
(SJANT) a

St John New
Zealand (SJNZ)

Wellington Free
Ambulance (WFA)
b

Number of EMS agencies 7 1 1 1 1 1 1 1

Service area population (2015) 19,811,078 5,937,481 1,698,660 2,590,259 4,778,854 210,104 4,098,840 496,880

Geographical area (km2) 227,496 984,180 2,526,418 1,725,826 1,353,164 261,522 8130

Population density (persons per
km2)

26.1 1.7 1.0 2.8 0.18 15.7 61.1

Number of OHCA cases attended
by EMS

19,722 5740 1829 2451 5002 107 4324 269

Crude incidence (per 100,000
population) c

102.5 d 96.6 107.7 94.4 104.6 51.0 105.5 -

Age standardised incidence (per
100,000 population) c

99.2 92.8 93.6 99.0 105.6 71.9 103.8 -

Attempted resuscitation

Yes 9425 (47.8%) 2708 (47.2%) 737 (40.3%) 1265 (51.6%) 2337 (46.7%) 73 (68.2%) 2036 (47.1%) 269 (100%)

Crude incidence for attempted
resuscitation cases (per
100,000 population)

47.6 45.6 43.4 48.8 48.9 34.7 49.7 54.1

Transported to hospital
(of those cases that had
attempted resuscitation)

Yes 3686 (39.1%) 974 (36.0%) 209 (28.4%) 816 (64.5%) 870 (37.2%) 38 (52.0%) 673 (33.1%) 106 (39.4%)

No 5726 (60.8%) 1734 (64.0%) 528 (71.6%) 438 (34.6%) 1467 (62.8%) 35 (48.0%) 1361 (66.8%) 163 (60.6%)

Missing 13 (0.1%) 0 0 11 (0.9%) 0 0 2 (0.1%) 0

A) Note: SJANT do not service the entire Northern Territory (NT); some ambulance coverage is provided by the Department of Health. Given this, the exact geographical area that SJANT
service could not be accurately quantified; the geographical area and population density reflect that of the entire region of the NT. B) Note: Wellington Free Ambulance provided data only
on cases that received attempted resuscitation. C) Note: incidence calculations include an inflation factors that accounts for missing age and sex data (see Methods and Supplementary
Material). D) Note: the overall crude incidence reflects all contributing regions, with the exception of Wellington Free Ambulance who provided data only on cases that received
attempted resuscitation. Missing data (see Supplementary Material) was subtracted from denominators.
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The overall crude incidence was 102.5 per 100,000 population (range:
51.0–107.7 per 100,000 population) and the overall age-standardised
incidence was 99.2 per 100,000 population (range: 71.9–105.6 per
100,000 population) (Table 1). The crude incidence for Australia was
99.4 per 100,000 population and the crude incidence for New Zealand
(SJNZ only) was 105.5 per 100,000 population. The median age of all
OHCA cases was 66 years (interquartile range (IQR): 50–80 years), and
most were male (66%) (see Supplementary material). Arrests attended
by SJANT were typically younger (median age 50 years; IQR: 36–66
years), reflecting the underlying population, compared to other regions.
Of all OHCA cases attended by EMS (excluding EMS-witnessed cases),
41% received bystander CPR (range: 36%–50%). However, of those
cases that were witnessed by a bystander, 67% received bystander CPR.
Bystander CPR rates for bystander-witnessed cases were highest in
areas serviced by SJNZ (71%) and SJANT (70%).

Attempted resuscitation

Overall, resuscitation was attempted in 48% (n= 9,425) (range:
40%–68%) of all OHCA cases. The overall crude incidence of attempted
resuscitation cases was 47.6 per 100,000 population (range: 34.7–54.1
per 100,000 population). Among cases with attempted resuscitation,
15% were witnessed by EMS (range: 6%–17%) and 42% were witnessed
by a bystander (range: 26%–52%) (Table 2). A shockable rhythm was
present in 28% of cases with attempted resuscitation (range: 20%–37%)
and most OHCA were of a presumed cardiac aetiology (74%; range:
51%–86%). Response times for non-EMS witnessed cases varied be-
tween a median of 7.5 and 9.6 min (Table 2).

Outcomes

For those who received attempted resuscitation, 33% achieved
ROSC in the prehospital setting, 39% were transported to hospital and
28% survived the event (had ROSC on arrival at hospital) (Table 3).
Significant variation in these outcomes was noted between services in
this patient group; ROSC in the prehospital setting varied from 24% to
38% (p < 0.001), the proportion of patients transported to hospital
varied from 28% to 65% (p < 0.001) and the proportion who survived
the event varied from 21% to 36% (p < 0.001) (Fig. 2). Of those
ambulance services that collected survival to hospital discharge or
survival to 30 days (n=5), overall survival (for those patients where
resuscitation was attempted) was 12%, which varied from 9% to 17%
(p=0.002) (Table 3).

In sub-group analyses, survival to hospital discharge or survival to
30 days (five services only) in the EMS-witnessed group was 25%
(range: 19%–44%; p=0.126) and 12% for non-EMS witnessed cases
with a presumed cardiac aetiology (range: 8%–15%; p=0.004)
(Table 4). Survival to hospital discharge in the Utstein comparator
group was 31%, which varied from 29% to 40% (p=0.530).

Discussion

This is the first study to report regional variation in the incidence,
characteristics and outcomes of OHCA in Australia and New Zealand. In
2015, there were 19,722 OHCA cases recorded in the Aus-ROC Epistry
with an overall crude incidence of 102.5 cases per 100,000 population.
For all OHCA cases (excluding EMS-witnessed cases), bystander CPR
was performed in 41% of cases and this ranged from 36% to 50% be-
tween regions. Overall, 48% of cases received attempted resuscitation
and of these, 33% achieved ROSC in the prehospital setting, 28% sur-
vived the event and survival to hospital discharge or 30 days was 12%.
Regional variation was observed in the incidence, demographics, arrest
characteristics and outcomes. Specifically, ROSC in the prehospital
setting varied from 24% to 38% and survival to hospital discharge
varied from 9% to 17%.

Other multi-centre OHCA registries have provided significant

insights into regional variation in OHCA, including the North-American
Resuscitation Outcomes Consortium (ROC) [2], the Cardiac Arrest
Registry to Enhance Survival (CARES) [7], the European Registry of
Cardiac Arrest (EuReCa ONE) [6], the Out-of-Hospital Cardiac Arrest
Outcomes (OHCAO) project in England [4], and the Pan Asian Re-
suscitation Outcomes Study (PAROS) [3]. However, this is the first time
that regional variation in OHCA has been quantified in our region of
Australia and New Zealand.

We observed a crude incidence rate for Australian OHCA cases of
99.4 per 100,000 population and a crude incidence rate for New
Zealand OHCA cases of 105.5 per 100,000 population. This equates to
an estimated 24,373 cases of OHCA in Australia annually (using the
2017 Australian population of 24,511,800 persons) [22] and 5048 cases
of OHCA in New Zealand annually (using the 2017 New Zealand po-
pulation of 4,785,100) [23]. This incidence is higher than that pre-
viously reported for Europe (84.0 per 100,000 population) [6] and
Japan (70.3 per 100,000 population) [5], but similar to North America
(95.7 per 100,000 population) [2]. Variation within our region was also
observed with age-standardised incidence rates ranging between 71.9
and 105.6 per 100,000 population. Some of this variation may be ex-
plained by case capture and accuracies in defining the serviced popu-
lation. Specifically, SJANT do not service the entire Northern Territory
region, with ambulance coverage in the remaining region provided by
the state’s Department of Health. As a result, defining the exact popu-
lation that is captured by SJANT is challenging. The lower incidence in
the area serviced by SJANT is particularly surprising given that the
Northern Territory has the largest proportion of Indigenous people [15]
and it is known that the incidence of cardiovascular disease in In-
digenous people is substantially higher than that of non-Indigenous
people [24]. This regional variation may also be explained by an ac-
companying variation in underlying risk of OHCA; studies have de-
monstrated that a large proportion of regional variation in incidence
can be explained through socioeconomic factors and health character-
istics of the underlying population [25,26].

Bystander CPR is a crucial component of the ‘chain of survival’;
patients who receive bystander CPR are more than two times more
likely to survive than those who do not receive bystander CPR [27]. In
our study, 41% of all OHCA cases attended by EMS (excluding EMS-
witnessed cases) received bystander CPR. This is greater than the
United States (34%) [7], but less than the 47% reported in Europe [6].
This difference may be explained by higher rates of bystander-wit-
nessed arrests in Europe (54% vs 26%) or rates of CPR training in the
populations [28]. In our study, 33% of cases that were witnessed to
collapse by a bystander did not receive bystander CPR, which varied
between 29% and 37%. This is despite all services using a similar dis-
patch system (Medical Priority Dispatch System; MPDS) and all provide
pre-arrival instructions for bystander CPR over the telephone if the
arrest is recognised at the point of call [16]. This demonstrates a sig-
nificant area where improvements may be achieved and a number of
studies are underway in some regions to understand the associated
barriers and implement strategies to improve rates of bystander CPR.

Overall, 48% of OHCA cases received attempted resuscitation from
EMS with an overall crude incidence of attempted resuscitation cases of
47.6 per 100,000 population. This incidence is lower than what has
been previously reported for North America (56.0 per 100,000 popu-
lation) [12] and England (53.2 per 100,000 population) [4], but similar
to that of Europe (49 per 100,000 population) [6]. In our study, rates of
attempted resuscitation varied between 40% and 68%. Some of this
variation may be explained by differences in the system responses to
OHCA cases. For example, fire fighters act as first responders in Victoria
[29] and cases in which fire fighters commence CPR, but resuscitation
is subsequently ceased on arrival of paramedics, are counted as at-
tempted resuscitation by EMS. Of cases with attempted resuscitation,
28% had a first monitored cardiac arrest rhythm that was shockable,
and this varied from 20% to 37% between regions. In the region with
the lowest rate of shockable rhythms (SJAWA), lower proportions of
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EMS and bystander-witnessed cases were also observed. The region
serviced by SJAWA, Western Australia, has a low population density
(1.0 persons per square kilometre) [16] and this may explain, at least in
part, the low rates of EMS and bystander-witnessed arrests. We have
previously noted the wide variation in population density in areas
serviced by ambulance services in Australia and New Zealand and the
challenges that geographical remoteness place on EMS systems in
providing appropriate and timely care for populations across entire
states and territories [16].

For cases that had attempted resuscitation, the proportion of pa-
tients that survived the event (ROSC on hospital handover) (28%) was
similar to that reported in England (26%) [4] and Europe (25%) [6].
Five services provided data on survival to hospital discharge or survival
to 30 days, for which the overall rate was 12%. This is higher than the
10% in Europe [7] and the United States [7], 8% in England [4], and
5% in Asia [3]. Some of these differences may be explained by a more
selective approach to the patients that receive attempted resuscitation
in our region, which is demonstrated by the lower incidence of at-
tempted resuscitation cases in our study compared to that of North
America and England. In our study, significant variation in these out-
comes was observed between ambulance services and may be partially
explained by differences in definitions. For example, WFA defined at-
tempted resuscitation as ‘any purposeful initiation of CPR by para-
medics’, as opposed to the more inclusive definition used by other
services of ‘any chest compressions and/or defibrillation by EMS’. This
is an important distinction as the reporting of outcomes is more fa-
vourable to WFA and this definition likely excludes patients with short
resuscitation attempts, such as when futility is established shortly after
the commencement of resuscitation. Within Australia and New Zealand
(excluding WFA), event survival varied between 21% and 36% and
survival to hospital discharge or 30 days varied between 9% and 13%.
This variation is lower than that previously reported in North America,
in which survival to hospital discharge varied between 1.1% and 8.1%
[2]. The lower variation in our study may be explained by more
homogenous and fewer EMS providers compared to North America.
Additionally, our study demonstrated that survival to hospital dis-
charge for EMS-witnessed cases varied between 19% and 25% and
survival to hospital discharge in the Utstein comparator group (by-
stander-witnessed cases in a shockable rhythm) varied between 29%

and 35%. The Utstein comparator group is considered to be a homo-
genous patient cohort that is often used to make comparisons between
regions or to investigate changes over time. However, our results de-
monstrated that, even in this homogenous group, regional variation
persisted. Large regional variation in survival from OHCA has been
demonstrated in other international settings [2–7]. Girotra et al. [7]
investigated regional variation in survival to discharge using data from
the CARES registry and demonstrated that 41% of the county-level
variation in outcome could be explained by patient-level demographics,
cardiac arrest characteristics and bystander response. This increased to
50% upon inclusion of county-level sociodemographic characteristics.
However, this demonstrates that a significant proportion of regional
variation cannot be explained by patient and arrest characteristics and
may be explained by system-level factors, such as the structure of the
EMS workforce. Some of this variation may also be explained by var-
iation in receiving hospital characteristics and post-resuscitation care
[30,31]. However, we were unable to account for this variation in our
study at this point. Regardless, understanding the fundamental drivers
of the regional variation in outcomes observed in our study is a key
component of improving survival from OHCA in Australia and New
Zealand.

Strengths of the Aus-ROC Epistry include the attempted use of
consistent definitions, the capture of all cases of OHCA for most ser-
vices, not just those that receive attempted resuscitation from EMS, and
the provision of data from only seven EMS providers. This is in contrast
to the 264 EMS agencies that provided data to ROC. There is therefore
less regional variation in systems, practice, data quality and case cap-
ture. Furthermore, data is provided by ambulance services that house
and maintain existing OHCA registries [32–34]. All seven existing re-
gistries use multiple methods to identify OHCA cases and have in-built
quality control measures [16]. However, the Aus-ROC Epistry is not
without limitations. We noted varying amounts of missing data for all
OHCA cases. However, there was minimal missing data for cases that
had attempted resuscitation (range: 0.0% to 1.8%). As previously dis-
cussed, there were challenges with defining the capture population of
SJANT and this may have impacted on incidence calculations. In this
study, we excluded OHCA cases that were defibrillated and achieved
ROSC prior to the arrival of EMS. We noted variation in the com-
pleteness of capturing these data between regions; and thus these fig-
ures are potentially subject to case ascertainment issues. Regardless, as
the number and utilisation of public automated external defibrillators
by lay people increases, the inclusion of these cases in OHCA registries
will be important in reflecting the effectiveness of the system of care
that is provided to OHCA patients. In this study, we reported crude
outcome measures, rather than conducting multivariable analyses to
account for regional variation in the underlying demographic and arrest
characteristics; this analysis is planned for future work. Finally, the
importance of measuring neurological outcomes and quality-of-life
following OHCA is acknowledged [35]. However, only one registry
participating in the Aus-ROC Epistry collects quality-of-life data (AV)
and only one registry collects neurological outcomes measured using
the Cerebral Performance Category (SJAWA). It is hoped that these data
will become part of routine data collection in the future.

Conclusions

Significant regional variation was observed in the incidence, char-
acteristics and outcomes of OHCA in Australia and New Zealand.
Understanding the system-level and public health drivers of this var-
iation will enable an optimisation of the delivery of care by EMS in our
region with the aim of improving survival from OHCA.

Funding

The Australian Resuscitation Outcomes Consortium (Aus-ROC) is a
National Health and Medical Research Council (NHRMC) Centre of

Fig. 2. Outcomes by ambulance service. Note that the percentage of cases that received
attempted resuscitation reflects the proportion of all OHCA cases, while the proportion of
cases that survived the event (ROSC on hospital handover) and survived to hospital
discharge (reported by four ambulance services) or survival to 30 days (reported by one
ambulance service: SJNZ) reflects the proportion of cases that received attempted re-
suscitation. Wellington Free Ambulance collected data only on those patients that re-
ceived attempted resuscitation and therefore the proportion of patients with attempted
resuscitation is not available.

B. Beck et al. Resuscitation 126 (2018) 49–57

55



Ta
bl
e
4

Su
b-
gr
ou

p
an

al
ys
es

of
ou

tc
om

es
fo
r
O
H
C
A

ca
se
s
th
at

re
ce
iv
ed

at
te
m
pt
ed

re
su
sc
it
at
io
n,

by
am

bu
la
nc

e
se
rv
ic
e.

P-
va

lu
es

re
fl
ec
t
co

m
pa

ri
so
ns

ac
ro
ss

al
l
am

bu
la
nc

e
se
rv
ic
es
.

O
ve

ra
ll

A
us
tr
al
ia

N
ew

Ze
al
an

d

V
ic
to
ri
a

(A
V
)

So
ut
h
A
us
tr
al
ia

(S
A
A
S)

W
es
te
rn

A
us
tr
al
ia

(S
JA

W
A
)

Q
ue

en
sl
an

d
(Q

A
S)

N
or
th
er
n

Te
rr
it
or
y

(S
JA

N
T)

St
Jo

hn
N
ew

Ze
al
an

d
(S
JN

Z)

W
el
lin

gt
on

Fr
ee

A
m
bu

la
nc

e
(W

FA
)

P-
va

lu
e
*

EM
S
w
it
ne

ss
ed

ca
se
s

Su
rv
iv
ed

to
ho

sp
it
al

di
sc
ha

rg
e/
30

da
ys

**
0.
12

6

Y
es

25
5
(2
4.
6%

)
10

9
(2
4.
8%

)
20

(1
9.
4%

)
31

(2
2.
3%

)
–

–
83

(2
5.
4%

)
12

(4
4.
4%

)

N
o

76
8
(7
4.
2%

)
32

6
(7
4.
3%

)
80

(7
7.
7%

)
10

5
(7
5.
5%

)
–

–
24

2
(7
4.
0%

)
15

(5
5.
6%

)

M
is
si
ng

12
(1
.2
%
)

4
(0
.9
%
)

3
(2
.9
%
)

3
(2
.2
%
)

–
–

2
(0
.6
%
)

0

N
on

-E
M
S
w
it
ne

ss
ed

ca
se
s

Su
rv
iv
ed

to
ho

sp
it
al

di
sc
ha

rg
e/
30

da
ys

**
−

A
ll
no

n-
EM

S-
w
it
ne

ss
ed

ca
se
s

0.
04

5

Y
es

59
1
(9
.9
%
)

23
1
(1
0.
3%

)
52

(8
.4
%
)

87
(7
.7
%
)

–
–

18
8
(1
1.
0%

)
33

(1
3.
6%

)

N
o

53
20

(8
9.
4%

)
20

08
(8
9.
0%

)
56

1
(9
0.
6%

)
10

32
(9
1.
9%

)
–

–
15

11
(8
8.
4%

)
20

8
(8
6.
0%

)

M
is
si
ng

37
(0
.6
%
)

15
(0
.7
%
)

6
(1
.0
%
)

5
(0
.4
%
)

–
–

10
(0
.6
%
)

1
(0
.4
%
)

Su
rv
iv
ed

to
ho

sp
it
al

di
sc
ha

rg
e/
30

da
ys

**
–
Sh

oc
ka

bl
e
rh
yt
hm

,
by

st
an

de
r-
w
it
ne

ss
ed

0.
53

0

Y
es

39
5
(3
1.
2%

)
14

6
(3
0.
7%

)
40

(3
5.
4%

)
34

(2
9.
1%

)
–

–
14

9
(3
0.
0%

)
26

(4
0.
0%

)

N
o

85
8
(6
7.
7%

)
32

2
(6
7.
8%

)
71

(6
2.
8%

)
83

(7
0.
9%

)
–

–
34

3
(6
9.
0%

)
39

(6
0.
0%

)

M
is
si
ng

14
(1
.1
%
)

7
(1
.5
%
)

2
(1
.8
%
)

0
–

–
5
(1
.0
%
)

0

Su
rv
iv
ed

to
ho

sp
it
al

di
sc
ha

rg
e/
30

da
ys

**
–
pr
es
um

ed
ca
rd
ia
c
ca
se
s

(e
xc
lu
di
ng

EM
S
w
it
ne

ss
ed

ca
se
s)

0.
00

4

Y
es

53
0
(1
1.
5%

)
20

2
(1
1.
9%

)
47

(9
.9
%
)

73
(8
.2
%
)

–
–

17
6
(1
3.
0%

)
32

(1
5.
4%

)

N
o

40
71

(8
7.
9%

)
14

85
(8
7.
6%

)
42

1
(8
8.
8%

)
81

8
(9
1.
4%

)
–

–
11

71
(8
6.
4%

)
17

6
(8
4.
6%

)

M
is
si
ng

28
(0
.6
%
)

9
(0
.5
%
)

6
(1
.3
%
)

4
(0
.4
%
)

–
–

9
(0
.6
%
)

0

*N
ot
e:

p-
va

lu
es

fo
r
co

m
pa

ri
so
ns

of
ou

tc
om

es
be

tw
ee
n
am

bu
la
nc

e
se
rv
ic
es

re
fl
ec
t
da

ta
th
at

ex
cl
ud

es
m
is
si
ng

va
lu
es
.*

*
N
ot
e:

SJ
N
Z
pr
ov

id
ed

da
ta

on
su
rv
iv
al

to
30

da
ys

w
hi
le

al
lo

th
er

se
rv
ic
es

th
at

pr
ov

id
ed

su
rv
iv
al

da
ta

(A
V
,S

A
A
S,

SJ
A
W
A
an

d
W
FA

)
pr
ov

id
ed

da
ta

on
su
rv
iv
al

to
ho

sp
it
al

di
sc
ha

rg
e.

M
is
si
ng

da
ta

(s
ee

Su
pp

le
m
en

ta
ry

M
at
er
ia
l)

w
as

su
bt
ra
ct
ed

fr
om

de
no

m
in
at
or
s.

B. Beck et al. Resuscitation 126 (2018) 49–57

56



Research Excellence (#1029983) (https://www.ausroc.org.au/). BB,
CH, MI and JF receive salary support from the Aus-ROC Centre of
Research Excellence. JB is supported by a Heart Foundation Fellowship.
PC is supported by an NHMRC Practitioner Fellowship (#545926).

Competing interests

Several of the authors (KS, TW, HG, CH, MT, AS, MI, TS, BD, AS, EB,
KP, MM, MJL, JF) are employees or are fully or partially funded by one
of the Ambulance Services participating in the Aus-ROC Epistry.

Acknowledgement

The authors would like to thank the registry staff in each of the
participating ambulance services for their contribution.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.resuscitation.2018.02.029.

References

[1] Berdowski J, Berg RA, Tijssen JGP, Koster RW. Global incidences of out-of-hospital
cardiac arrest and survival rates: systematic review of 67 prospective studies.
Resuscitation 2010;81(November (11)):1479–87.

[2] Nichol G, Thomas E, Callaway CW, et al. Regional variation in out-of-hospital
cardiac arrest incidence and outcome. JAMA 2008;300(September (12)):1423–31.

[3] Ong MEH, Shin SD, De Souza NNA, Tanaka H, Nishiuchi T, Song KJ, et al. Outcomes
for out-of-hospital cardiac arrests across 7 countries in Asia: the Pan Asian
Resuscitation Outcomes Study (PAROS). Resuscitation 2015;96(November):100–8.

[4] Hawkes C, Booth S, Ji C, Brace-McDonnell SJ, Whittington A, Mapstone J, et al.
Epidemiology and outcomes from out-of-hospital cardiac arrests in England.
Resuscitation 2017;110(January):133–40.

[5] Hasegawa K, Tsugawa Y, Camargo Jr. CA, Hiraide A, Brown DFM. Regional varia-
bility in survival outcomes of out-of-hospital cardiac arrest: the All-Japan Utstein
Registry. Resuscitation 2013;84(August (8)):1099–107.

[6] Gräsner J-T, Lefering R, Koster RW, Masterson S, Böttiger BW, Herlitz J, et al.
EuReCa ONE − 27 Nations, ONE, Europe, ONE Registry: A prospective one month
analysis of out-of-hospital cardiac arrest outcomes in 27 countries in Europe.
Resuscitation 2016;105(August):188–95.

[7] Girotra S, Diepen van S, Nallamothu BK, Carrel M, Vellano K, Anderson ML, et al.
Regional vriation in out-of-hospital cardiac arrest survival in the United States.
Circulation 2016;133(May (22)):2159–68.

[8] Tijssen JA, Prince DK, Morrison LJ, Atkins DL, Austin MA, Berg R, et al. Time on the
scene and interventions are associated with improved survival in pediatric out-of-
hospital cardiac arrest. Resuscitation 2015;94(September):1–7.

[9] Daya MR, Schmicker RH, Zive DM, Rea TD, Nichol G, Buick JE, et al. Out-of-hospital
cardiac arrest survival improving over time: results from the Resuscitation
Outcomes Consortium (ROC). Resuscitation 2015;91(June):108–15.

[10] Zive D, Koprowicz K, Schmidt T, Stiell I, Sears G, Van Ottingham L, et al. Variation
in out-of-hospital cardiac arrest resuscitation and transport practices in the
Resuscitation Outcomes Consortium: ROC epistry–cardiac arrest. Resuscitation
2011;82(March (3)):277–84.

[11] Nehme Z, Bernard S, Cameron P, Bray JE, Meredith IT, Lijovic M, et al. Using a
cardiac arrest registry to measure the quality of emergency medical service care
decade of findings from the victorian ambulance cardiac arrest registry. Circ
Cardiovasc Qual Outcomes 2015;8(January (1)):56–66.

[12] Bray JE, Di Palma S, Jacobs I, Straney L, Finn J. Trends in the incidence of pre-
sumed cardiac out-of-hospital cardiac arrest in Perth,Western Australia,
1997–2010. Resuscitation 2014;85(June (6)):757–61.

[13] Pemberton K, Bosley E. Temporal trends 2002–2014 of incidence and shockable
status of adult emergency medical service attended out-of-hospital cardiac arrest of
presumed cardiac aetiology in Queensland. Emerg Med Australas
2018;30(1):89–94.

[14] Dicker B, Davey P, Smith T. The association between the first locating emergency
ambulance being single crewed and cardiac arrest outcomes in New Zealand. N Z
Med J Online Christch 2017;130(September (1461)):47–55.

[15] Beck B, Bray J, Smith K, Walker T, Grantham H, Hein C, et al. Establishing the Aus-
ROC Australian and New Zealand out-of-hospital cardiac arrest Epistry. BMJ Open
2016;6(April (4)):e011027.

[16] Beck B, Bray JE, Smith K, Walker T, Grantham H, Hein C, et al. Description of the
ambulance services participating in the Aus-ROC Australian and New Zealand out-
of-hospital cardiac arrest Epistry. Emerg Med Australas 2016;28(December
(6)):673–83.

[17] Australian Resuscitation Council. Australian Resuscitation Council Guidelines 2010
[Internet]. 2010 [cited 2015 May 11]. Available from: http://resus.org.au/
guidelines/.

[18] New Zealand Resuscitation Council. New Zealand Resuscitation Council Guidelines
[Internet]. 2010 [cited 2015 November 5]. Available from: http://www.nzrc.org.
nz/guidelines/.

[19] Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhanji F, Biarent D, et al. Cardiac
arrest and cardiopulmonary resuscitation outcome reports: Update of the Utstein
resuscitation registry templates for out-of-hospital cardiac arrest: a Statement for
Healthcare Professionals From a Task Force of the International Liaison Committee
on Resuscitation (American Heart Association, European Resuscitation Council,
Australian and New Zealand Council on Resuscitation, Heart and Stroke Foundation
of Canada,InterAmerican Heart Foundation, Resuscitation Council of Southern
Africa, Resuscitation Council of Asia); and the American Heart Association
Emergency Cardiovascular Care Committee and the Council on Cardiopulmonary,
Critical Care, Perioperative and Resuscitation. Resuscitation 2015;96:328–40.

[20] Australian Institute of Health and Welfare. Metadata online registry: age-standar-
dised rate [Internet]. 2018 [cited 2015 April 4]. Available from: http://meteor.
aihw.gov.au/content/index.phtml/itemId/327276.

[21] Australian Bureau of Statistics. 3235.0 – Population by age and sex, regions of
Australia, 2011 [Internet]. 2011 [cited 2015 April 3]. Available from: http://www.
abs.gov.au/ausstats/abs@.nsf/Products/3235.0-2011?Main+Features?Western
+Australia?OpenDocument.

[22] Australian Bureau of Statistics. Australian Demographic Statistics, March 2017
[Internet]. 2017 [cited 2017 November 27]. Available from: http://www.abs.gov.
au/ausstats/abs@.nsf/0/D56C4A3E41586764CA2581A70015893E?
Opendocument.

[23] Statistics New Zealand. Population of New Zealand – Stats NZ [Internet]. 2017
[cited 2017 November 27]. Available from: https://www.stats.govt.nz/topics/
population.

[24] Australian Institute of Health and Welfare. The health and welfare of Australia’s
Aboriginal and Torres Strait Islander peoples. Canberra, Australia: Australian
Institute of Health and Welfare; 2015.

[25] Straney LD, Bray JE, Beck B, Bernard S, Lijovic M, Smith K. Are sociodemographic
characteristics associated with spatial variation in the incidence of OHCA and by-
stander CPR rates? A population-based observational study in Victoria, Australia.
BMJ Open 2016;6(November (11)):e012434.

[26] Raun LH, Jefferson LS, Persse D, Ensor KB. Geospatial analysis for targeting out-of-
hospital cardiac arrest intervention. Am J Prev Med 2013;45(August (2)):137–42.

[27] Sasson C, Rogers MAM, Dahl J, Kellermann AL. Predictors of survival from out-of-
hospital cardiac arrest a systematic review and meta-analysis. Circ Cardiovasc Qual
Outcomes 2010;3(January (1)):63–81.

[28] Bray JE, Straney L, Smith K, Cartledge S, Case R, Bernard S, et al. Regions with low
rates of bystander cardiopulmonary resuscitation (CPR) have lower rates of CPR
training in Victoria, Australia. J Am Heart Assoc 2017;6(June (6)):e005972.

[29] Smith KL, McNeil JJ. Cardiac arrests treated by ambulance paramedics and fire
fighters. Med J Aust 2002;177(September (6)):305–9.

[30] Callaway CW, Schmicker R, Kampmeyer M, Powell J, Rea TD, Daya MR, et al.
Receiving hospital characteristics associated with survival after out-of-hospital
cardiac arrest. Resuscitation 2010;81(May (5)):524–9.

[31] Stub D, Schmicker RH, Anderson ML, Callaway CW, Daya MR, Sayre MR, et al.
Association between hospital post-resuscitative performance and clinical outcomes
after out-of-hospital cardiac arrest. Resuscitation 2015;92(July):45–52.

[32] St John WA. St John WA Cardiac Arrest Annual Report 2016 [Internet] 2016 Perth,
Western Australia; Available from: http://www.stjohnambulance.com.au/docs/
default-source/corporate-publications/st-john-wa?-out-of-hospital-cardiac-arrest-
report-2016. pdf?sfvrsn=2.

[33] St John New Zealand. St John New Zealand: Out-of-Hospital Cardiac Arrest Registry
Annual Report 2016/17 [Internet] 2017 Nov. Available from: http://www.stjohn.
org.nz/globalassets/documents/publications/hq0022-ohca-report-2017_hq.pdf.

[34] Ambulance Victoria Victorian Ambulance Cardiac Arrest Registry: 2015–2016
Annual Report [Internet] 2016 Doncaster, Victoria; 2017 Jan. Available from:
http://s3-ap-southeast-2. amazonaws.com/prod.assets.ambulance.vic.gov.au/wp-
content/uploads/2017/03/VACAR-Annual-Report_2015-2016.pdf.

[35] Smith K, Andrew E, Lijovic M, Nehme Z, Bernard S. Quality of life and functional
outcomes 12 months after out-of-hospital cardiac arrest. Circulation
2015;131(January (2)):174–81.

B. Beck et al. Resuscitation 126 (2018) 49–57

57

https://www.ausroc.org.au/
https://doi.org/10.1016/j.resuscitation.2018.02.029
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0005
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0005
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0005
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0010
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0010
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0015
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0015
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0015
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0020
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0020
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0020
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0025
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0025
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0025
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0030
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0030
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0030
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0030
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0035
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0035
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0035
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0040
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0040
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0040
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0045
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0045
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0045
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0055
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0055
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0055
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0055
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0060
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0060
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0060
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0070
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0070
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0070
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0075
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0075
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0075
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0080
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0080
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0080
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0080
http://resus.org.au/guidelines/
http://resus.org.au/guidelines/
http://www.nzrc.org.nz/guidelines/
http://www.nzrc.org.nz/guidelines/
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0095
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0095
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0095
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0095
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0095
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0095
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0095
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0095
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0095
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0095
http://meteor.aihw.gov.au/content/index.phtml/itemId/327276
http://meteor.aihw.gov.au/content/index.phtml/itemId/327276
http://www.abs.gov.au/ausstats/abs@.nsf/Products/3235.0-2011?Main+eatures?Western+ustralia?OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/Products/3235.0-2011?Main+eatures?Western+ustralia?OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/Products/3235.0-2011?Main+eatures?Western+ustralia?OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/0/D56C4A3E41586764CA2581A70015893E?Opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/0/D56C4A3E41586764CA2581A70015893E?Opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/0/D56C4A3E41586764CA2581A70015893E?Opendocument
https://www.stats.govt.nz/topics/population
https://www.stats.govt.nz/topics/population
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0120
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0120
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0120
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0130
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0130
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0135
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0135
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0135
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0140
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0140
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0140
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0145
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0145
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0150
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0150
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0150
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0155
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0155
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0155
http://www.stjohnambulance.com.au/docs/default-source/corporate-publications/st-john-wa?-out-of-hospital-cardiac-arrest-report-2016.%20pdf?sfvrsn=2
http://www.stjohnambulance.com.au/docs/default-source/corporate-publications/st-john-wa?-out-of-hospital-cardiac-arrest-report-2016.%20pdf?sfvrsn=2
http://www.stjohnambulance.com.au/docs/default-source/corporate-publications/st-john-wa?-out-of-hospital-cardiac-arrest-report-2016.%20pdf?sfvrsn=2
http://www.stjohn.org.nz/globalassets/documents/publications/hq0022-ohca-report-2017_hq.pdf
http://www.stjohn.org.nz/globalassets/documents/publications/hq0022-ohca-report-2017_hq.pdf
http://amazonaws.com/prod.assets.ambulance.vic.gov.au/wp-content/uploads/2017/03/VACAR-Annual-Report_2015-2016.pdf
http://amazonaws.com/prod.assets.ambulance.vic.gov.au/wp-content/uploads/2017/03/VACAR-Annual-Report_2015-2016.pdf
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0175
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0175
http://refhub.elsevier.com/S0300-9572(18)30106-0/sbref0175

	Regional variation in the characteristics, incidence and outcomes of out-of-hospital cardiac arrest in Australia and New Zealand: Results from the Aus-ROC Epistry
	Introduction
	Methods
	Study design
	Aus-ROC Australian and New Zealand OHCA Epistry
	Description of emergency medical services (EMS)
	Inclusion criteria
	Data collection
	Definition of attempted resuscitation
	Data analysis

	Results
	Overall
	Attempted resuscitation
	Outcomes

	Discussion
	Conclusions
	Funding
	Competing interests
	Acknowledgement
	Supplementary data
	References




