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Abstract

Objective: We aimed to investigate
the effect of known heart disease on
post-out-of-hospital cardiac arrest
(OHCA) survival outcomes, and its
association with factors influencing
survival.
Methods: This was an observa-
tional, retrospective study involving
an OHCA database from seven
Asian countries in 2009–2012. Heart
disease was defined as a documented
diagnosis of coronary artery disease
or congenital heart disease. Patients
with non-traumatic arrests for whom
resuscitation was attempted and with
known medical histories were
included. Differences in demograph-
ics, arrest characteristics and survival
between patients with and without
known heart disease were analysed.
Multivariate logistic regression was

performed to identify factors influen-
cing survival to discharge.
Results: Of 19 044 eligible patients,
5687 had known heart disease. They
were older (77 vs 72 years) and had
more comorbidities like diabetes
(40.9 vs 21.8%), hypertension (60.6
vs 36.0%) and previous stroke (15.2
vs 10.1%). However, they were not
more likely to receive bystander car-
diopulmonary resuscitation
(P = 0.205) or automated external
defibrillation (P = 0.980). On uni-
variate analysis, known heart disease
was associated with increased sur-
vival (unadjusted odds ratio 1.16,
95% confidence interval 1.03–1.30).
However, on multivariate analysis,
heart disease predicted poorer sur-
vival (adjusted odds ratio 0.76, 95%
confidence interval 0.58–1.00).
Other factors influencing survival
corresponded with previous reports.

Conclusions: Known heart disease
independently predicted poorer post-
OHCA survival. This study may
provide information to guide future
prospective studies specifically look-
ing at family education for patients
with heart disease and the effect on
OHCA outcomes.

Key words: cardiac arrest, heart dis-
ease, survival.

Introduction
Out-of-hospital cardiac arrest
(OHCA) is a global health concern.
Each year, the global incidence of
emergency medical services (EMS)-
attended OHCAs is about 83.7 per
100 000 people.1 Moreover, survival
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Key findings
• A known history of heart dis-

ease independently predicted
poorer survival to discharge
during out-of-hospital car-
diac arrest.

• Bystander CPR and AED rates
were not higher in patients
with known heart disease com-
pared to those without.

• We suggest there is a role for
education for family members
of heart disease patients includ-
ing CPR and AED training.
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rates after OHCAs are poor. World-
wide, only about 7% survive to dis-
charge, and this figure is 2.2% in
Asia, lower than in North America,
Europe or Australia.1

The ‘chain of survival’ is a
sequence of events that promotes
survival. It involves early access,
early cardiopulmonary resuscita-
tion (CPR), early defibrillation,
early advanced care and post-
resuscitation care.2 Based on this,
Utstein-style templates for standar-
dised reporting of cardiac arrests
have been developed.3 Relation-
ships between several Utstein ele-
ments and post-OHCA survival
outcomes have been established,4

but these only predict a modest
proportion of variation in survival
rates.5 Identifying other factors
influencing survival would support
the development of OHCA preven-
tion and management strategies.
Heart disease is a major risk factor

for cardiac arrests. An estimated
70–85% of OHCAs are of presumed
cardiac aetiology,6 with the majority
attributable to coronary artery dis-
ease.7 One study demonstrated a
seven-fold increased risk of OHCA
in heart disease patients.8 However,
limited research has been done on
the association of heart disease with
survival outcomes. In USA, Stecker
et al.9 found that a history of coro-
nary artery disease or myocardial
infarction (MI) was associated with
increased survival to discharge. No
similar studies have been performed
in an Asian population.
Several reasons could explain a

possible association between heart
disease and increased survival.
Therapies for heart disease may play
a role,10 as may the possibility that
EMS and advanced cardiac life sup-
port algorithms treat OHCAs more
effectively in patients with heart dis-
ease.9 Another possibility is that
family members of heart disease
patients may have increased knowl-
edge about cardiac arrests and hence
activate EMS earlier. They may also
have higher take-up rates of CPR
and automated external defibrillator
(AED) training, resulting in higher
bystander CPR performance and AED
application rates among patients with
known heart disease.

We aimed to describe the relation-
ship between a known history of
heart disease and survival outcomes
in OHCA patients in Asia. We also
aimed to analyse associations
between known heart disease and
factors recognised to affect survival
outcomes, particularly bystander
CPR and AED.

Methods
Study design and settings

This was an observational, retro-
spective, international, multicentre
cohort study. Data from the Pan
Asian Resuscitation Outcomes Study
(PAROS) clinical research network11

was analysed. Established in 2010,
PAROS is an Asia-wide clinical
research network that reports
population-based OHCA events
using common data definitions and
collection methods. Variations in the
characteristics of the populations
and EMS systems in participating
countries have been previously
described.12,13 This study used data
collected from 10 sites in seven coun-
tries, namely Japan, Singapore,
South Korea, Malaysia, Taiwan,
Thailand and the United Arab Emi-
rates, between 1 January 2009 and
31 December 2012. The study was
approved by the national Institu-
tional Review Boards of participat-
ing EMS sites and classified as
minimal risk research.

Selection of participants

All OHCA patients submitted to
PAROS during the study period, as
confirmed by absence of pulse, unre-
sponsiveness and apnoea, were
included. Patients excluded were
those immediately pronounced dead
and for whom resuscitation was not
attempted, including those with
decapitation, rigor mortis or depend-
ent lividity, patients with known
‘do not resuscitate’ orders, patients
suffering traumatic arrests and
patients with unknown medical his-
tories. We thus excluded all patients
from Tokyo and Aichi as medical
history data was not collected at
these sites.

Data collection and processing

Data was obtained from emergency
dispatch records, ambulance patient
case notes, ED records and inpatient
and outpatient medical records, and
entered into a standardised database.
Disease conditions were recorded as
‘absent’ when either stated to be
absent or not previously documented
in medical records. In Japan, South
Korea and Taiwan, data was
extracted from existing national
registries using an export field entry
process that automatically populated
the PAROS database. In other coun-
tries, data was entered into an online
electronic data capture system. This
had in-built quality assurance checks
and validations that cross-checked
data fields and ensured that manda-
tory fields were completed. Local
coordinators verified the data before
and after entering it into the system.
Data from all sites were merged and
each case was assigned a unique case
identifier. Patient identifiers were not
entered into the database.

Methods of measurement

To minimise bias, the taxonomy,
case record form, data dictionary
and study definitions were standar-
dised across all participating coun-
tries. The variables measured
followed Utstein recommendations3

and included information on patient
demographics, medical history,
arrest circumstances, cardiac rhythm,
EMS response times, pre- and in-
hospital care, and survival outcomes.
Patients were defined as having heart
disease if they had a documented
diagnosis of coronary artery disease,
chronic arrhythmias or congenital
heart disease, or had pacemakers
inserted prior to the arrest. Response
time was defined as the time of call
to time of arrival of EMS at the
scene. Shockable rhythm was defined
as ventricular fibrillation, pulseless
ventricular tachycardia or unknown
shockable rhythm identified on AED,
and non-shockable rhythm was
defined as pulseless electrical activity,
asystole or unknown non-shockable
rhythm identified on AED. Besides
heart disease, disease conditions spe-
cifically surveyed were diabetes
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mellitus, cancer, hypertension, renal
disease, respiratory disease, hyperli-
pidaemia, stroke and HIV.
The primary outcome was survival

to discharge, defined as being dis-
charged from hospital alive after the
arrest. Secondary survival outcomes
were return of spontaneous circula-
tion, survival to hospital admission
and favourable Cerebral Perfor-
mance Category and Overall Perfor-
mance Category (OPC) scores of 1–2
at discharge. Other outcomes were
bystander CPR performance and
AED application.

Data analysis

Patients were grouped into those
with and without known history of
heart disease, and patient demo-
graphics and arrest characteristics
were compared between these two
groups using the Pearson’s χ2 test for
categorical variables and the Mann–
Whitney U test for continuous vari-
ables. Univariate and multivariate

logistic regression analyses of sur-
vival outcomes were performed to
identify if heart disease was an inde-
pendent predictor for survival to dis-
charge. The multivariate logistic
regression adjusted for factors that
were found to be significantly differ-
ent between the two groups on uni-
variate analysis, and took into
account multicollinearity between
factors (e.g. presence of disease
comorbidities and number of comor-
bidities). Unadjusted and adjusted
odds ratios (ORs) and 95% confi-
dence intervals (CIs) were reported
for each factor in univariate and
multivariate regression analyses. Sur-
vival outcomes within subgroups of
initial shockable rhythm, initial non-
shockable rhythm, age 18 and above
and arrests of presumed cardiac
aetiology were also analysed using
multivariate logistic regression ana-
lyses. All analyses were performed
using SPSS version 21.0. A P value
less than 0.05 was considered statis-
tically significant.

Results
Of the 66 780 patients recorded in
the PAROS dataset (Fig. 1), 19 044
were eligible. Of these, 5687
(29.9%) had a known history of
heart disease and 13 357 (70.1%)
did not. Table 1 compares the demo-
graphics and OHCA characteristics
of patients with and without known
heart disease. Patients with heart dis-
ease were older (77 vs 72 years),
more likely to have cardiovascular
comorbidities of diabetes (40.9 vs
21.8%), hypertension (60.6 vs
36.0%) and previous stroke (15.2 vs
10.1%), and to have a higher num-
ber of these comorbidities
(P < 0.001). A greater proportion of
them had initial shockable rhythms
(18.0 vs 9.8%, P < 0.001). No sig-
nificant differences were found in
bystander CPR (P = 0.205) and
bystander AED (P = 0.980) rates.
Survival outcomes are compared

in Table 2. On univariate analysis,
heart disease was associated with
higher rates of any return of sponta-
neous circulation (unadjusted OR
[uOR] 1.16, 95% CI 1.09–1.24),
survival to discharge (uOR 1.16,
95% CI 1.03–1.30), favourable
Cerebral Performance Category
scores (uOR 1.44, 95% CI
1.22–1.69) and favourable OPC
scores (uOR 1.81, 95% CI
1.48–2.21). However, after adjusting
for other variables, heart disease was
associated with poorer survival to
discharge (adjusted OR [aOR] 0.76,
95% CI 0.58–1.00), and was not sig-
nificantly associated with other sur-
vival outcomes.
Table 3 describes the univariate

and multivariate analysis of factors
influencing survival to discharge,
and Figure 2 presents the factors that
remained significant after multivari-
ate analysis. Besides heart disease,
several factors were found significant
on multivariate analysis. Of these,
initial shockable rhythm was most
strongly predictive of survival (aOR
5.05, 95% CI 3.05–8.33).
Table 4 compares survival out-

comes of patients with and without
known heart disease within the sub-
groups of initial shockable rhythm,
initial non-shockable rhythm, age

Figure 1. Study cohort derivation and survival outcomes. Flow diagram illustrating
selection of eligible patients from the PAROS dataset. †Results from PAROS sites in
Tokyo and Aichi were excluded as data regarding past medical history was not col-
lected at these sites.
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TABLE 1. Comparison of patient demographics and arrest characteristics between patients with and without known his-
tory of heart disease

Characteristics Total (n = 19 044)
Known history of heart

disease (n = 5687)
No known history of heart

disease (n = 13 357) P-value

Age

Median (interquartile range) 74.0 (60.0–83.0) 77.0 (66.0–85.0) 72.0 (58.0–82.0) <0.001

>65 years (%) 12 747 (66.9) 4296 (75.5) 8451 (63.3) <0.001

Gender (%)

Male 11 395 (59.8) 3419 (60.1) 7976 (59.7) 0.601

Medical history (%)

Diabetes 2340 (27.5) 1039 (40.9) 1301 (21.8) <0.001

Hypertension 3710 (43.5) 1564 (60.6) 2146 (36.0) <0.001

Stroke 954 (11.5) 356 (15.2) 598 (10.1) <0.001

Other 3517 (42.2) 1229 (51.5) 2288 (38.4) <0.001

Number of comorbidities† (%)

0 3814 (46.2) 703 (30.4) 3111 (52.3) <0.001

1 2549 (30.9) 779 (33.7) 1770 (29.8)

2 1639 (19.8) 707 (30.5) 932 (15.7)

3 258 (3.1) 126 (5.4) 132 (2.2)

Location type (%)

Home residence 13 843 (72.9) 3961 (69.8) 9882 (74.3) <0.001

Healthcare facility‡ 2902 (15.3) 968 (17.1) 1934 (14.5)

Public 2233 (11.8) 744 (13.1) 1489 (11.2)

Arrest witnessed by (%)

Not witnessed 9895 (53.7) 2798 (50.4) 7097 (55.1) <0.001

Bystander 7052 (38.3) 2265 (40.8) 4787 (37.2)

Emergency medical service/
private ambulance

1485 (8.1) 484 (8.7) 1001 (7.8)

Initial arrest rhythm (%)

Ventricular fibrillation/
ventricular tachycardia

2246 (12.3) 990 (18.0) 1256 (9.8) <0.001

Pulseless electrical activity/
asystole

16 061 (87.7) 4521 (82.0) 11 540 (90.2)

Aetiology of cardiac arrest (%)

Presumed cardiac 14 389 (75.7) 4985 (87.7) 9404 (70.5) <0.001

Respiratory 818 (4.3) 160 (2.8) 658 (4.9)

Drowning 269 (1.4) 25 (0.4) 244 (1.8)

Others 3536 (18.6) 511 (9.0) 3025 (22.7)

Time of call to arrival at
scene ≤8 min (%)

14 770 (77.7) 4343 (76.5) 10 427 (78.2) 0.010

Pre-hospital intervention (%)

Bystander cardiopulmonary
resuscitation

7371 (38.8) 2164 (38.1) 5207 (39.1) 0.205

Bystander automated external
defibrillator

270 (4.1) 82 (4.1) 188 (4.1) 0.980
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18 years and above and presumed car-
diac aetiology. In the group with ini-
tial shockable rhythm, heart disease
was associated with lower rates of sur-
vival to discharge (OR 0.67, 95% CI
0.47–0.95). In patients aged 18 and
above (to exclude patients more likely
to have congenital heart disease),
heart disease was significantly associ-
ated with poorer survival to admission
(OR 0.84, 95% CI 0.72–0.98) and
poorer survival to discharge
(OR 0.71, 95% CI 0.54–0.93). No
significant associations were found
between heart disease and survival in
the other two subgroups.

Discussion
Heart disease independently pre-
dicted poorer survival to discharge
on multivariate analysis, despite an
association between heart disease

and improved survival to discharge
on univariate analysis. This disparity
is likely due to the confounding
effect of initial shockable rhythms,
which were significantly more com-
mon in heart disease patients
(P < 0.001) and increased survival
to discharge five-fold. Other factors
identified to be associated with
improved survival to discharge were
younger age, arrests occurring in pub-
lic or healthcare facilities, arrests wit-
nessed by bystanders or EMS
personnel, initial shockable rhythms,
faster EMS response times, bystander
CPR and pre-hospital defibrillation.
These were consistent with findings
from previous studies, with similar
effect sizes.4,5,14

A possible explanation for why heart
disease may decrease survival is that
patients with heart disease may have a
greater tendency to develop post-
cardiac arrest myocardial dysfunction

or have persistent acute coronary syn-
drome.15 Our observations contrast
with Stecker et al.’s9 finding that a his-
tory of coronary artery disease or MI
was associated with improved sur-
vival. The reasons for this difference
are not immediately clear as the previ-
ous study did not analyse the associa-
tion between heart disease and factors
influencing survival. Differences in
definitions of heart disease, popula-
tion characteristics, EMS systems or
prior treatments or interventions may
have contributed to the disparity.
Roth et al.16 also demonstrated that
anginal syndrome, a history of MI
and congestive heart failure (CHF)
were not associated with survival to
discharge, but their findings may have
been affected by the provision of elec-
trocardiographic transmission and
lidocaine to all patients, thus poten-
tially improving pre-arrest monitoring
and access to medical services.

TABLE 1. Continued

Characteristics Total (n = 19 044)
Known history of heart

disease (n = 5687)
No known history of heart

disease (n = 13 357) P-value

Pre-hospital defibrillation 3134 (16.5) 1296 (22.8) 1838 (13.8) <0.001

Pre-hospital advanced airway 9642 (52.7) 3079 (55.5) 6563 (51.4) <0.001

Pre-hospital drug administered 3078 (16.2) 1060 (18.6) 2018 (15.1) <0.001

†Out of diabetes, hypertension and previous stroke. ‡Including nursing homes, emergency medical service/private ambu-
lances and other healthcare facilities.

TABLE 2. Comparison of survival outcomes between patients with and without known history of heart disease

Survival outcomes
Known history of heart
disease (%) (n = 5687)

No known history of heart
disease (%) (n = 13 357)

Unadjusted OR
(95% CI)†

Adjusted OR
(95% CI)†‡

Any return of spontaneous
circulation

2190/5687 (38.5) 4676/13 357 (35.0) 1.16 (1.09–1.24) 1.04 (0.92–1.17)

Survival to admission 1381/5606 (24.6) 3123/13 170 (23.7) 1.05 (0.98–1.13) 0.90 (0.76–1.05)

Survival to discharge 443/5604 (7.9) 909/13 166 (6.9) 1.16 (1.03–1.30) 0.76 (0.58–1.00)

Cerebral Performance
Category 1–2 at discharge

240/5592 (4.3) 397/13 125 (3.0) 1.44 (1.22–1.69) 0.81 (0.55–1.18)

Overall Performance
Category 1–2 at discharge

172/5456 (3.2) 226/12 792 (1.8) 1.81 (1.48–2.21) 1.29 (0.67–2.48)

†Reference category is no known history of heart disease. ‡Adjusted for age >65 years, gender, number of comorbidities,
location, arrest witness status, initial cardiac rhythm, bystander cardiopulmonary resuscitation, pre-hospital defibrillation,
pre-hospital advanced airway and time of call to arrival at scene. CI, confidence interval; OR, odds ratio.
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Comparisons to other studies of
OHCA are limited. One study demon-
strated an association between MI
and poorer survival 1 year post-
discharge,17 while another found that
MI and CHF were associated with
poorer OPC scores at discharge and
after 1 year.18 On the other hand one
study showed improved 1- and 5-year
survival outcomes with MI and ischae-
mic heart disease,19 and others found
only univariate associations between
angina pectoris20 or CHF21 and sur-
vival. Two studies demonstrated no
significant association between heart

disease and survival.22,23 However, all
these studies differed in patient selec-
tion by including only those with pre-
sumed cardiac aetiology, only those
with ventricular fibrillation, only those
defibrillated, only those successfully
resuscitated, only those hospitalised
alive, only those surviving to discharge
or combinations of these.
Given that patients with heart dis-

ease are an easily identifiable high-
risk group for OHCA, our findings
suggest the need for targeted strate-
gies to improve post-OHCA survival
in these patients. Of particular

concern was that bystander CPR and
AED rates were not higher in
patients with heart disease compared
to those without. Similar observa-
tions have been made elsewhere.14

Bystander CPR and AED use are
well-recognised to improve sur-
vival4,14,24 and it could be expected
that family members of heart disease
patients would be more likely to
learn and perform CPR and AED
application. That this was not the
case indicates a role for CPR and
AED training for family members of
heart disease patients. The value of

TABLE 3. Univariate and multivariate analysis of factors for survival to hospital discharge

Characteristics
Survived to discharge,

n (%) (n = 1352)
Did not survive to discharge,

n (%) (n = 17 418)
Unadjusted OR

(95% CI)
Adjusted OR
(95% CI)

Age >65 years 640 (47.3) 11 982 (68.8) 0.41 (0.37–0.46) 0.57 (0.45–0.74)

Male 926 (68.5) 10 281 (59.0) 1.51 (1.34–1.70) 0.88 (0.68–1.15)

Heart disease 443 (32.8) 5161 (29.6) 1.16 (1.03–1.30) 0.76 (0.58–1.00)

Number of comorbidities†

0 295 (55.6) 3388 (45.2) Reference Reference

1 144 (27.1) 2334 (31.2) 0.71 (0.58–0.87) 1.04 (0.46–2.35)

2 82 (15.4) 1524 (20.3) 0.62 (0.48–0.80) 0.92 (0.41–2.09)

3 10 (1.9) 244 (3.3) 0.47 (0.25–0.90) 0.97 (0.42–2.25)

Location type

Home residence 683 (50.7) 12 990 (74.8) Reference Reference

Healthcare facility‡ 268 (19.9) 2497 (15.0) 1.96 (1.69–2.27) 1.57 (1.06–2.32)

Public 395 (29.3) 1776 (10.2) 4.23 (3.70–4.83) 2.07 (1.59–2.70)

Arrest witnessed by

Not witnessed 300 (23.0) 9510 (56.3) Reference Reference

Bystander 759 (58.3) 6161 (36.5) 3.91 (3.40–4.48) 2.86 (1.88–4.34)

Emergency medical service/
private ambulance

244 (18.7) 1211 (7.2) 6.39 (5.34–7.64) 1.70 (1.30–2.21)

Initial rhythm ventricular
fibrillation/ventricular
tachycardia

557 (43.6) 1618 (9.6) 7.25 (6.42–8.19) 5.05 (3.06–8.33)

Time of call to arrival at
scene ≤8 min (%)

1128 (83.6) 13 422 (77.2) 1.51 (1.30–1.75) 1.88 (1.42–2.49)

Pre-hospital intervention

Bystander cardiopulmonary
resuscitation

584 (43.3) 6650 (38.3) 1.23 (1.10–1.38) 1.55 (1.22–1.97)

Pre-hospital defibrillation 655 (48.4) 2392 (13.7) 5.90 (5.26–6.62) 1.38 (0.83–2.29)

Pre-hospital advanced airway 492 (38.8) 9078 (54.1) 0.54 (0.48–0.60) 0.50 (0.39–0.63)

†Out of diabetes, hypertension and previous stroke. ‡Including nursing homes, emergency medical service/private ambu-
lance and other healthcare facilities. CI, confidence interval; OR, odds ratio.
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training family members is further
supported by the fact that despite
72.9% of patients in our study hav-
ing arrests at home, these patients
were more than four times less likely
to survive to discharge compared to
patients suffering arrests in public.
Previous authors have also noted
that patients with arrests occurring
at home were less likely to receive
bystander CPR.25 Thus we suggest
targeting CPR and AED training at
family members of heart disease
patients to increase bystander CPR
and AED rates and improve survival.
In addition, this study highlights

the importance of strict manage-
ment of modifiable coronary artery
disease risk factors in patients with
known coronary artery disease, as
this would likely decrease the inci-
dence of OHCA. This includes opti-
mally managing risk factors through
lifestyle modifications including
adopting a heart-healthy diet,
weight control, regular exercise,
smoking cessation, moderation of
alcohol intake as well as controlling
diabetes, hypertension and hyperli-
pidaemia.26 Secondary prevention
includes instituting appropriate
pharmacological therapies in
patients with prior acute coronary
syndrome or left ventricular
dysfunction,26 early reperfusion

therapy after MI27 and implantable
cardioverter-defibrillators in selected
patients.28

Limitations

The study had some limitations.
First, the countries were unevenly
represented. Japan contributed
10 432 cases (54.8%), Korea, Singa-
pore and Taiwan each contributed
2000–4000 cases and Malaysia,
Thailand and the United Arab Emi-
rates each contributed less than 200.
The results may thus be skewed by
variations in EMS and healthcare
systems, population characteristics,
socioeconomic factors and cultural
practices between countries. Second,
results may have been biased by the
exclusion of patients with unknown
medical histories. Third, due to the
retrospective nature of this study,
causal relationships could not be
drawn from the associations
observed. Fourth, the international
multicentre nature of this study may
have resulted in potential issues with
data integrity and validity, but these
were minimised by standardising the
data collection tools. Finally, due to
the limitations of national registry
data, we did not have detailed data
on patients’ medical histories, medi-
cations or in-hospital management.

Patients were identified as having
coronary artery disease as long as
they had a documented history of a
clinical diagnosis of coronary artery
disease in the ambulance or hospital
notes. While detailed objective cri-
teria would have been ideal, this was
often not available. It is likely our
study underestimates the prevalence
of known heart disease in our data.
We were also unable to categorise
heart disease into different types or
severities to identify specific high-risk
groups for poor survival. We recom-
mend that future studies focus on
identifying these groups of patients
to allow for the design of targeted
interventions.

Conclusions
We found that a known history of
heart disease independently predicted
poor post-OHCA survival to dis-
charge. Other factors associated with
survival were consistent with previ-
ous studies. Despite heart disease
patients being a high-risk group for
OHCA, bystander CPR and AED
rates were not significantly different
between patients with and without
known heart disease. This study may
provide information to guide future
prospective studies specifically look-
ing at family education for patients
with heart disease and the effect on
OHCA outcomes.
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