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ABSTRACT
Objectives: The objective of this study was to
compare the temporal trends in survival after out-of-
hospital cardiac arrest (OHCA) between two large
metropolitan communities in Asia and evaluate the
factors affecting survival after OHCA.
Design: A population-based prospective observational
study.
Setting: The Cardiovascular Disease Surveillance
(CAVAS) project in Seoul and the Utstein Osaka Project
in Osaka.
Participants: A total of 36 292 resuscitation-
attempted OHCAs with cardiac aetiology from 2006 to
2011 in Seoul and Osaka (11 082 in Seoul and 25 210
in Osaka).
Primary outcome measures: The primary outcome
was neurologically favourable survival. Trend analysis
and multivariable Poisson regression models were
conducted to evaluate the temporal trends in survival
of two communities.
Results: During the study period, the overall
neurologically favourable survival was 2.6% in Seoul
and 4.6% in Osaka (p<0.01). In both communities,
bystander cardiopulmonary resuscitation (CPR) rates
increased significantly from 2006 to 2011 (from 0.1%
to 13.1% in Seoul and from 33.3% to 41.7% in
Osaka). OHCAs that occurred in public places increased
in Seoul (12.5% to 20.1%, p for trend <0.01) and
decreased in Osaka (13.5% to 10.5%, p for trend
<0.01). The proportion of OHCAs defibrillated by
emergency medical service (EMS) providers was only
0.4% in 2006 but increased to 17.5% in 2011 in
Seoul, whereas the proportion in Osaka decreased
from 17.7% to 13.7% (both p for trend <0.01). Age-
adjusted and gender-adjusted rates of neurologically
favourable survival increased significantly in Seoul
from 1.4% in 2006 to 4.3% in 2011 (adjusted rate
ratio per year, 1.17; p for trend <0.01), whereas no
significant improvement was observed in Osaka (3.6%
in 2006 and 5.1% in 2011; adjusted rate ratio per year,
1.03; p for trend=0.08).
Conclusions: Survivals after OHCA were increased in
Seoul while remained constant in Osaka, which may

have been affected by the differences and
improvements of patient, community, and EMS system
factors.

INTRODUCTION
Out-of-hospital cardiac arrest (OHCA) is a
significant global public health problem.1 2

Despite the advances in emergency medical
service (EMS) systems and resuscitation tech-
nology over the past several decades,
however, only a minority of OHCA patients
are successfully resuscitated and discharged
with minimal neurological impairment.1–4

The temporal trends of survival outcomes
after OHCA show variations across different
communities.2 5–9 Some nationwide popula-
tion-based studies have successfully demon-
strated significant improvements in the chain
of survival and outcomes, while others have
shown no improvements over the past 20
years.5 6 10 A better understanding of tem-
poral trends in survival outcomes and chain
of survival may corroborate evidence-based
interventions towards reducing the health
burden of OHCA.

Strengths and limitations of this study

▪ This study demonstrated the differences in sur-
vival outcomes between two Asian communities.

▪ We used data from two large population-based
registries of out-of-hospital cardiac arrest (OHCA).

▪ Neurological and survival outcomes in Seoul
increased significantly over the study period.

▪ Neurological and survival outcomes in Osaka
changed steadily over the study period.

▪ The limitation is that iInformation on hospital-
based postresuscitation care of OHCA that might
affect outcomes was not available.
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There have been several EMS-based multicentre
studies on OHCAs,11–14 reflecting different regional cir-
cumstances, cultural aspects and EMS practices of par-
ticipating communities. Thereupon, numerous reports
have demonstrated considerable regional variations in
resuscitation outcomes of OHCA with respect to those
factors. Recently, an international, multicentre, prospect-
ive registry of OHCA across the Asia-Pacific region was
developed with the aim of generating best practice pro-
tocols for Asian EMS systems by reflecting on regional
characteristics, and ultimately to improve OHCA sur-
vival.11 14 This ongoing international collaboration pro-
vides standardised data across different communities
and enables researchers to investigate the inherent
regional variations in EMS systems and OHCA out-
comes.14 Understanding regional characteristics and
temporal trends is critical for developing culturally
appropriate interventions.14–16

The purpose of this study was to compare the tem-
poral trends in survival outcome, chain of survival and
patient factors for OHCAs between two large metropol-
itan communities in Asia, and to evaluate important
factors that affect survival after OHCA, using population-
based registries according to the international research
guidelines for OHCA.

METHODS
The Seoul-Osaka Resuscitation Study (SORS) group is a
collaborating study group of the two communities’
research scientists in Seoul (Korea) and Osaka ( Japan).
This study was carried out in those two metropolitan
communities which have prospective and population-
based registry systems of OHCA. The study was approved
by the institutional review boards of the Seoul National
University and Osaka University.17

Study setting
The total population was 9.6 million in Seoul (2010)
and 8.8 million in Osaka (2010). The population struc-
tures and EMS characteristics of the two communities
are shown in table 1.
In Korea, policies and laws for developing public edu-

cation and training programmes for cardiopulmonary
resuscitation (CPR) were enacted in 2002, and the
actual training programme began later in 2006 with the
support of the Seoul Metropolitan Government.
Government-backed financial support for the supply of
automatic external defibrillators (AEDs) in public places
became compulsory in 2008 with the Good Samaritan
Law, and was expanded to more private places in 2012.
The fund was also used to support advocacy and educa-
tion for high-quality bystander CPR since 2008.18

In Osaka, CPR training for citizens has been offered
since 1994, and each year approximately 120 000 citizens
participate in conventional CPR training. Citizens
gained legal permission to use AED in July 2004, and
public access defibrillators (PADs) have become increas-
ingly available in Osaka.10

In both communities, the EMS level is intermediate
where the highest qualified emergency medical techni-
cians can give CPR with AED, perform advanced airway
management and inject intravenous fluid or drug.
Under each country’s guideline, EMS providers are
required to continue CPR unless there is a return of
spontaneous circulation on the scene. In Seoul, EMS
providers are encouraged to scoop and run to the emer-
gency department (ED) while giving CPR during ambu-
lance transport as soon as possible after giving one cycle
of CPR. In Osaka, EMS providers are usually encouraged
to stay for around 10 min for interventions including 3–
4 cycles of CPR.17 EMS providers can withdraw provision
of CPR with online medical control when there is

Table 1 Characteristics of population and EMS system in Seoul and Osaka

Seoul Osaka

Total population, N 9 631 482 8 776 018

Area (km2) 605 1898

Population density (/km2) 15 914 4624

Age, year, median (IQR) 37 (23–52) 43 (26–63)

Gender ratio (male: female) 0.96 0.93

EMS, N

Ambulance stations 114 212

Basic EMS providers 382 1671

Intermittent EMS providers 347 1204

Ambulance vehicles 117 286

Change in community/EMS effort in improving outcomes after OHCA, year

Bystander CPR in EMS Act or fire department regulation 2002 1982

Standardisation of CPR training and public support programme for

CPR training for bystander and first responder

2005 1993

PAD programme in EMS Act or fire department regulation 2008 2004

Quality assurance for EMS performance 2005 1998

Special continuous medical education programme for EMS providers 2007 1991

CPR, cardiopulmonary resuscitation; EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest; PAD, public access defibrillator.
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evident death, such as rigor mortis, postmortem lividity,
incineration, decomposition or decapitation, as well as
patients with ‘Do Not Resuscitate’ orders. All patients
with OHCA who were assessed by EMS providers were
transported to an ED.
An EMS system quality control programme was

initiated in 1998 in Osaka through the Utstein Osaka
Project, while the quality control programme in Seoul
was established in 2011.9 19 20 Numbers of ambulances
per square kilometre were 0.19 (2010) and 0.15 (2009)
in Seoul and Osaka, respectively (table 1).

Study population
Eligible patients were resuscitation-attempted OHCAs
with presumed cardiac aetiology between January 2006
and December 2011. Resuscitation-attempted OHCAs
were defined as those that were attempted with any
resuscitation efforts, including defibrillation by a layper-
son or chest compression or defibrillation by EMS provi-
ders or ED healthcare workers. Patients were identified
as having an arrest of cardiac aetiology by medical
record review. Aetiology of arrest was presumed to be
cardiac unless it was caused by cerebrovascular disease,
respiratory disease, malignant tumours or external
factors, or any other non-cardiac aetiology according to
the international guideline for OHCA.21

Data sources
Data were collected from the EMS run sheet in Osaka,
and from the EMS run sheet and hospital medical
record review in Seoul. The following Utstein factors
were collected: age, gender, aetiology of arrest, place of
occurrence, witness, CPR and defibrillation by bystan-
ders, prehospital initial ECG, CPR and defibrillation by
EMS providers and survival outcomes. In both communi-
ties, the same definitions were used according to the
Utstein data report form21 in which the details of each
data set were described in previous reports.5 9 10 19 20 22

The elapsed time intervals, such as from call to wheel
arrival at scene, from scene to departure to ED, from
call to arrival at ED, and from call to first CPR, were
standardised and measured in both communities. Also,
time intervals from call to first defibrillation of patients
with an initial shockable ECG were measured in both
communities. The time intervals from call to first CPR
and from call to first defibrillation were available only in
2011 in Seoul.

Outcome measures
The primary outcome was neurologically favourable sur-
vival after OHCA with cerebral performance category 1
or 2. The secondary outcome was survival to discharge
(Seoul) and 1 month survival (Osaka). In Seoul, out-
comes were collected by a hospital medical record
review performed after discharge. The medical record
review was performed by medical record experts
employed at the Korea Center for Disease Controls and
Prevention. In Osaka, outcomes were collected by EMS

providers from hospital via a telephone interview or fax
report.

Statistical analyses
Demographic characteristics of all eligible cases in the
two communities were first explored. Continuous and
categorical variables were compared using the Wilcoxon
rank sum test and χ2 test, respectively. To evaluate the
changes in baseline characteristics, p for trend was calcu-
lated by the Cochran-Armitage test. Age-standardised
and gender-standardised OHCA and survivor incidence
rates per 100 000 person-years for the study population
were calculated to compare trends by years and commu-
nities. The sum of the 2010 Census data of Seoul and
Osaka by age (decade) and gender was used as the
standard population (direct standardisation method).
To assess whether survival outcomes had improved

over time in the two communities, multivariable Poisson
regression models were constructed. The Poisson distri-
bution was used to directly estimate rate ratios (RR)
instead of ORs to avoid its potential exaggeration.23 24

RRs for survival outcomes and 95% CIs were calculated
after adjusting for age and gender. After calculation of
adjusted RR for each calendar year (from 2007 to 2011),
we used the year 2006 as the reference year and multi-
plied the adjusted RR for each year by the observed sur-
vival rate for the reference year to obtain yearly
risk-adjusted survival rates for the study period.24 These
rates represent the estimated survival for each year if the
patient case mix were identical to that in the reference
year.24 We also evaluated calendar year as a continuous
variable to obtain adjusted RRs for year-to-year survival
trends. We also examined the effects of interaction
between the calendar year and other potential risk
factors on the main outcome by communities using the
chunk test, followed by a backward elimination process
for the full model, which included main exposure,
potential risk factors and all interaction products. Since
there was no statistically significant interaction product,
we simply used the main exposure variable and potential
risks for the final model.

RESULTS
During the study period, there were 18 813 and 42 340
EMS-assessed OHCAs in Seoul and Osaka, respectively, in
which 11 082 (58.9%) in Seoul and 25 210 (59.5%) in
Osaka were selected for analysis as resuscitation-
attempted OHCAs with cardiac aetiology (figure 1). The
characteristics of the patients, community and EMS
factors based on the Utstein criteria are shown in table 2.
The temporal trends in chain of survival (resuscitation

time course) and patient factors affecting outcomes
after cardiac arrest are shown in table 3. The median
age of patients with OHCA was lower in Seoul (65 years)
than in Osaka (75 years) in 2006, and increased to 69
(in Seoul) and 77 years (in Osaka) in 2010. The propor-
tion of OHCAs that occurred in public places increased
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in Seoul (12.5–20.1%, p for trend <0.01), whereas it
decreased in Osaka (13.5–10.5%, p for trend <0.01). In
both communities, bystander CPR rates increased signifi-
cantly from 2006 to 2011 (from 0.1% to 13.1% in Seoul

and from 33.3% to 41.7% in Osaka). Bystander defibril-
lation using PAD was performed in 0.4 to 1.3% of cases
annually in Osaka, while only one case was observed in
Seoul due to initiation of the PAD programme later in

Figure 1 Study flow of out-of-hospital cardiac arrest (OHCA) patients from 1 January 2006 to 31 December 2011.

Table 2 Epidemiologic characteristics of resuscitation-attempted out-of hospital cardiac arrests with cardiac aetiology in

Seoul and Osaka between 2006 and 2011

Seoul Osaka

p ValueN Per cent N Per cent

Total 11 082 25 210

Gender, male 7598 68.6 14 513 57.6 <0.01

Age, years, median (IQR) 67 (54–77) 76 (66–84) <0.01

Prehospital initial shockable ECG 750 6.8 2772 11.0 <0.01

Place of arrest, public 2052 18.5 3106 12.3 <0.01

Witnessed 5949 53.7 10 307 40.9 <0.01

Bystander CPR 723 6.5 9907 39.3 <0.01

Bystander defibrillation 1 0.0 231 0.9 <0.01

Defibrillated by EMS 1225 11.1 4032 16.0 <0.01

Time interval, min, median (IQR)

From call to EMS arrival 6 (5–8) 7 (6–9) <0.01

From scene to departure 6 (4–9) 13 (10–17) <0.01

From call to hospital arrival 20 (16–25) 27 (23–33) <0.01

From call to first CPR, n, min* 1684 5 (2–8) 25 148 7 (3–9) <0.01

From call to first defibrillation, n, min*,† 208 9 (7–12) 1960 9 (7–12) 0.62

Survival outcomes

Survival on hospital arrival 228 2.1 2158 8.6 <0.01

Survival to discharge 909 8.2 2004 7.9 0.48

Good neurological recovery 293 2.6 1166 4.6 <0.01

p Values were calculated by χ2 test for category variables and Wilcoxon rank sums test for continuous variables.
*Intervals from call to first CPR or defibrillation for Seoul were available in only the 2011 data.
†Interval from call to first defibrillation was calculated for the prehospital initial shockable rhythm.
CPR, cardiopulmonary resuscitation; EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest.
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Table 3 Trend analysis of potential risk factors and outcomes of resuscitation-attempted out-of hospital cardiac arrests with cardiac aetiology

Seoul Osaka

2006 2007 2008 2009 2010 2011 p for trend 2006 2007 2008 2009 2010 2011 p for trend

Total, N 1054 1432 1808 2107 2326 2355 3559 3833 4281 4367 4477 4693

Gender, male, % 66.0 66.6 69.6 69.9 68.7 68.7 0.10 58.7 55.9 58.8 57.6 57.6 56.9 0.40

Age, years, median 65 66 66 66 68 69 <0.01 75 76 76 77 77 77 <0.01

Prehospital initial shockable ECG, % 0.1 2.3 5.3 7.9 8.3 11.0 <0.01 12.6 11.4 11.7 11.0 10.3 9.4 <0.01

Place of arrest, public, % 12.5 13.6 23.9 19.6 17.5 20.1 <0.01 13.5 13.4 13.0 12.7 11.3 10.5 <0.01

Witnessed, % 58.8 55.1 55.0 54.0 51.9 51.0 <0.01 41.3 42.0 39.7 41.4 41.0 40.1 0.30

Bystander CPR, % 0.1 2.5 3.8 6.3 7.6 13.1 <0.01 33.3 38.0 39.0 42.0 40.3 41.7 <0.01

Bystander defibrillation, % 0.0 0.0 0.0 0.0 0.0 0.0 0.20 0.4 0.7 0.9 1.3 1.1 1.0 <0.01

Defibrillated by EMS, % 0.4 6.6 9.1 11.7 13.1 17.5 <0.01 17.7 17.1 17.4 16.0 14.8 13.7 <0.01

Time interval, min, median

From call to EMS arrival 6 6 6 6 7 6 0.03 7 7 7 7 8 8 <0.01

From scene to departure 5 6 6 6 6 6 <0.01 12 13 13 13 13 13 <0.01

From call to hospital arrival 19 19 20 20 20 20 <0.01 26 27 27 28 28 28 <0.01

From call to first CPR NA NA NA NA NA 5 7 7 6 7 7 7 <0.01

From call to first defibrillation* NA NA NA NA NA 11 10 9.5 10 9 10 10 0.69

Survival outcomes

Survival on hospital arrival, n 13 21 31 47 46 70 <0.01 259 359 367 361 370 442 0.06

Survival to discharge, n 72 104 121 179 190 243 <0.01 256 335 342 363 342 366 0.90

Good neurological recovery, n 15 35 45 52 52 94 <0.01 127 204 202 213 196 224 0.30

Population measurements

Standardised incidence rate† 15.4 21.0 26.6 31.3 35.8 37.0 30.6 32.7 36.5 36.8 37.4 39.1

Standardised survivor rate† 1.0 1.3 1.4 2.2 2.5 3.1 2.4 3.2 3.2 3.5 3.2 3.5

*Interval from call to first defibrillation was calculated for the prehospital initial shockable rhythm.
†Age-standardised and gender-standardised OHCA and survivor incidence rates per 100 000 person per year were calculated using the sum of two population by age (decade) and gender as a
standard population.
CPR, cardiopulmonary resuscitation; EMS, emergency medical service; NA, not applicable.
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2011. The proportion of OHCAs defibrillated by an EMS
provider was only 0.4% in 2006 but increased to 17.5%
in 2011 in Seoul, whereas the proportion in Osaka was
17.7% in 2006 followed by a slight decrease to 13.7% in
2011. Age-standardised and gender-standardised OHCA
incidence rates per 100 000 person-years increased in
both communities during the study period from 15.4 to
37.0 in Seoul, and from 30.6 to 39.1 in Osaka. Age-and
gender-standardised OHCA survival rates per 100,000
person-years also increased in both communities from
1.0 to 3.1 in Seoul and from 2.4 to 3.5 in Osaka.
Figure 2 shows temporal trends in survival and neuro-

logical outcomes in the two communities. During the
study period, the overall neurologically favourable sur-
vival in resuscitation-attempted OHCAs with cardiac aeti-
ology was 2.6% in Seoul and 4.6% in Osaka (p<0.01);
and the proportions in witnessed cardiac arrests were
higher at 4.0% in Seoul and 9.5% in Osaka (p<0.01).

From 2006 to 2011, the neurologically favourable sur-
vival in OHCAs with cardiac aetiology increased signifi-
cantly from 1.4% to 4.0% in Seoul (p for trend <0.01),
whereas no significant temporal improvement was
observed in Osaka (3.6% in 2006 and 4.8% in 2011; p
for trend=0.30). Rates of survival to discharge increased
significantly in Seoul from 6.8% in 2006 to 10.3% in
2011 (p for trend <0.01), while no significant increase
was observed in Osaka (7.2% in 2006 and 7.8% in 2011;
p for trend=0.90) (figure 2A). In the subpopulation of
witnessed resuscitation-attempted OHCAs, similar
regional trends were observed as in all OHCAs with
cardiac aetiology; in Seoul, both survival and neuro-
logical outcomes were significantly enhanced, while no
significant increase was observed in Osaka (figure 2B).
Table 4 shows risk-adjusted temporal trends in survival

outcomes in the two communities. Age-adjusted and
gender-adjusted rates of neurologically favourable

Figure 2 Temporal trends of survival outcomes by community for resuscitation attempted out-of-hospital cardiac arrest with

cardiac aetiology (A) and witnessed cardiac arrests (B) during the study period.
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survival in resuscitation-attempted OHCAs with cardiac
aetiology increased significantly in Seoul from 1.4% in
2006 to 4.3% in 2011 (adjusted RR per year, 1.17; 95%
CI 1.09 to 1.26; p for trend <0.01), while no significant
improvements were observed in Osaka (from 3.6% in
2006 to 5.1% in 2011; adjusted RR per year, 1.03; 95%
CI 1.00 to 1.07; p for trend=0.08). In witnessed cardiac
arrests, age-adjusted and gender-adjusted rates of neuro-
logically favourable survival increased significantly from
1.9% to 6.9% in Seoul (adjusted RR per year, 1.21; 95%
CI 1.11 to 1.32; p for trend <0.01), whereas no signifi-
cant change was observed in Osaka (adjusted RR per
year, 1.03; 95% CI 0.99 to 1.07; p for trend=0.13).

DISCUSSION
This study demonstrated the differences in temporal
trends in survival outcomes between two Asian commu-
nities and their associated factors for improving survival
after OHCA using data from two large population-based
registries of OHCA. Neurologically favourable survival in
Seoul was significantly increased over the study period,
but still marked relatively low rates. On the other hand,
while showing an insignificant and steady change over
the years, the overall survival rates remained relatively
high in Osaka. We found difficulty in improving survival
after OHCA in communities with already existing and
developed EMS systems in places, such as Osaka, com-
pared with communities with a developing EMS system,
such as Seoul.
Between 2006 and 2011, there have been substantial

improvements at the community level and in the EMS
system to increase survival outcomes of OHCA in Seoul.
Bystander CPR education and advertising campaign

were diffused quickly, 18 and the proportion of bystander
CPR increased rapidly (about 13%) within the 6-year
period of this study. Bystander CPR can double the
chance of survival from an OHCA event in previous
studies.25 26 For EMS providers, education programmes
and quality control protocols were developed. In line
with these efforts, initial ECG check and application of
AEDs by EMS providers improved from 5% in 2006 to
45% in 2011 (data not shown), thereby leading to an
increase in the proportion of initial shockable ECG
from 0.1% in 2006 to 11.0% in 2011 and defibrillation
by EMS from 0.4% in 2006 to 17.7% in 2011. Initial
rhythms of ventricular fibrillation have previously been
associated with enhanced survival outcomes.2 27 In
Seoul, median time intervals from call to initial CPR and
initial defibrillation were 5 and 11 min, respectively, in
2011, which were similar to those observed in Osaka.
Although the resuscitation time course before 2011 was
not applicable in Seoul, we assume that it would have
been shortened during the study period. In accordance
with these improvements in the chain of survival, the
survival outcomes of OHCAs in Seoul were significantly
improved throughout the study period (table 4).
However, in Osaka, neurologically favourable survival

did not increase during the study period. Numerous
efforts to improve EMS factors, such as bystander CPR
and prehospital defibrillation by EMS personnel, had
already been implemented in the early 2000s in Osaka.
Accordingly, a previous study reported significant
improvements in bystander CPR, decreased time inter-
vals from collapse to first CPR and first defibrillation,
and improvements in survival outcomes during 1998
and 2006 in Osaka.5 In addition, OHCA incidence in
public places and bystander-witnessed rates were

Table 4 Risk-adjusted temporal trends in survival outcomes by community

Risk-adjusted survival rate*, %

Adjusted rate ratio per

year†

p For trend†2006 2007 2008 2009 2010 2011 RR 95% CI

Total

Good neurological outcome

Seoul 1.4 2.5 2.5 2.5 2.4 4.3 1.17 1.09 1.26 <0.01

Osaka 3.6 5.5 4.8 5.1 4.7 5.1 1.03 1.00 1.07 0.08

Survival to discharge

Seoul 6.8 7.3 6.7 8.5 8.6 10.9 1.10 1.06 1.15 <0.01

Osaka 7.2 9.0 8.1 8.6 8.0 8.2 1.01 0.98 1.03 0.53

Witnessed

Good neurological outcome

Seoul 1.9 3.5 3.7 3.8 3.7 6.9 1.21 1.11 1.32 <0.01

Osaka 7.3 10.6 10.0 9.4 9.4 10.2 1.03 0.99 1.07 0.13

Survival to discharge

Seoul 8.1 9.8 9.1 12.4 12.8 15.5 1.14 1.08 1.19 <0.01

Osaka 13.8 16.0 16.3 15.3 15.5 15.8 1.01 0.98 1.04 0.43

The model was adjusted for age and gender. There was no interaction.
*Risk-adjusted rates for each year were obtained by multiplying the observed rate for the reference year (2006) by the corresponding rate
ratios from a model evaluating year as a categorical variable.
†Adjusted rate ratios per year and p for trends were calculated with a model evaluating year as a continuous variable.
RR, rate ratio.
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decreased, which may have been characterised by the
ageing society of Osaka. Despite continuous efforts in
improving EMS factors and maintaining a relatively
good EMS system in place, the observed plateau in
the survival rates of Osaka may have accounted for a
limit of obtainable benefits from the current EMS
basic-to-intermediate level.
Nevertheless, survival in the two metropolitan commu-

nities is still less than optimal, suggesting the need
to address persistent issues in EMS factors. The PAD
programme in Osaka has been more readily available
since 2004; however, the proportion of bystander defib-
rillation still remains low. Only 0.9% received bystander
defibrillation despite the 11% of OHCAs having initial
shockable rhythm. While more than 300 000 PADs were
distributed for use in Japan, the proportion of prehospi-
tal defibrillation by laypersons was still less than 3% of
OHCAs.10 Further adaptation of the PAD programme,
such as distribution of neighbourhood-accessible AEDs
and widespread deployment of home-based AEDs, may
save more lives, although its effectiveness is still contro-
versial. Redistribution of PADs based on the coverage
rate of OHCA and a coordinated PAD programme
including AED networks should also be considered.28 29

Furthermore, proportions of bystander CPR in the two
Asian communities were significantly lower compared
with other countries such as Norway (76% for
resuscitation-attempted OHCA with cardiac aetiology) or
Sweden (59% for witnessed OHCA).30 31 Dispatcher-
assisted CPR, practice-based CPR training and a public
awareness campaign to promote CPR and AEDs have
been shown to improve CPR and AED use by
bystanders.10 11 18 26 31

As the quality of CPR is crucial to improve survival
after OHCA, an effective and efficient CPR education
programme and EMS quality control protocol, including
a real-time feedback programme, should be consid-
ered.32 33 Modification of the EMS protocol to improve
the quality of CPR on ambulance during transport
should also be given consideration.

Limitations
This study has some limitations. Since this study was per-
formed in two different metropolitan communities with
basic-to-intermediate EMS service levels, we cannot gen-
eralise the results to communities with different EMS
systems. Second, the outcomes in the two communities
were measured at different times (at discharge in Seoul,
and at 1 month in Osaka). Furthermore, information on
hospital-based postresuscitation care of OHCA was not
available, which may serve as an important factor in sur-
vival outcomes. Finally, while we tried to classify the
patients using standardised definitions based on inter-
national guidelines,21 possible misclassification may have
occurred, including the definition of cardiac aetiology,
which can vary depending on the rigour of the efforts to
identify other causes.

CONCLUSION
In two large metropolitan communities in Asia, the tem-
poral trends in survival outcome and associated factors
for improving survival after OHCA were different. In
response to an enhancement in the chain of survival,
the survival outcomes after OHCA were significantly
increased in Seoul, while these remained steady in
Osaka despite ongoing regional efforts to improve com-
munity and EMS factors.
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