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Out-of-hospital cardiac arrest (OHCA) affects ≈360 000 
patients each year in the United States, represent-

ing a substantial burden to the healthcare system.1 The 
Resuscitation Outcomes Consortium estimated survival 
to hospital discharge after OHCA at 7.9% among patients 
who were treated by emergency medical service person-
nel.2 Despite significant efforts to improve the outlook 
for OHCA patients, recent studies have diverged regard-
ing whether outcomes for OHCA are improving.3–7 Sasson 
et al3 compiled data from 79 studies including 142 740 
patients and demonstrated that survival to hospital discharge 
remained unchanged from 1980 to 2008. In contrast, several 
European4,5 and Asian countries6,7 have reported temporal 
improvements in survival after OHCA. However, these stud-
ies captured limited clinical information on OHCA patients, 
and, therefore, the association between changes in patient 
comorbidities and survival trends remain unclear.
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Many of these countries have a nationwide surveillance 
or a nationally coordinated system to manage patients with 
out-of-hospital emergencies. In these contexts, it is possible 
that quality improvement initiatives could be designed and 
translated more effectively, leading to improved survival for 
OHCA patients. It remains unclear whether findings from 
these studies are applicable in North America, where emer-
gency medical services are organized by smaller jurisdictions 
and patients are managed by hundreds of destination hospi-
tals.2 In Ontario, for example, the population of 13.8 million 
is served by 53 individual land-based emergency medical 
service providers, with ≈280 destination hospitals provid-
ing postarrest care.8 Population-level surveillance studies are 
critical to inform policy and evaluate current systems of care. 

Background—Out-of-hospital cardiac arrest (OHCA) is associated with a poor prognosis and poses a significant burden to 
the healthcare system, but few studies have evaluated whether OHCA incidence and survival have changed over time.

Methods and Results—A population-based cohort study was conducted, including 34 291 OHCA patients >20 years of 
age who were transported alive to the emergency department of an acute-care hospital from April 1, 2002, to March 31, 
2012, in Ontario, Canada. Patients with life-threatening trauma and those who died before hospital arrival were excluded. 
The overall age- and sex-standardized incidence of OHCA patients who were transported alive was 36 cases per 100 000 
persons and did not significantly change over the study period. Cardiac risk factor prevalence increased significantly, 
whereas the rate of most cardiovascular conditions decreased significantly. The 30-day survival improved from 9.4% in 
2002 to 13.6% in 2011; 1-year survival improved from 7.7% to 11.8% (P<0.001). Patients hospitalized in 2011 were 
significantly more likely to survive 30 days (adjusted odds ratio, 1.47 [95% CI, 1.22–1.77]) and 1 year (adjusted odds 
ratio, 1.55 [95% CI, 1.27–1.91]) compared with 2002. A significant interaction between temporal trends in survival 
improvement and age group was observed in which the improvement in survival was largest in the youngest age groups.

Conclusions—OHCA patients who were transported alive are increasingly likely to have cardiovascular risk factors but 
less likely to have previous cardiovascular conditions. The overall incidence of OHCA patients transported to hospital 
alive did not change over the past decade. Short- and longer-term survival after OHCA has substantially improved, with 
younger patients experiencing the greatest improvement.  (Circulation. 2014;130:1883-1890.)
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Accordingly, the main objective of this study was to evaluate 
recent trends in the patient characteristics, incidence, and the 
survival of patients after OHCA.

Methods
Data Sources
Our analytic data sets were created by linking together multiple large 
administrative databases in Ontario using unique encrypted patient 
identification numbers to protect patient confidentiality. The Canadian 
Institute of Health Information Discharge Abstract Database was used 
to identify comorbidities and in-hospital interventions.9,10 The National 
Ambulatory Care Reporting System database, which contains infor-
mation regarding emergency department visits, was used to identify 
patients transported to the emergency department of an acute-care hos-
pital after OHCA and to identify comorbid information.11 The Ontario 
Registered Persons Database, which includes vital statistics for all 
Ontarians, was used to determine mortality after the index event. The 
Ontario Health Insurance Plan physician claims database, which cap-
tures information on the services provided by physicians in Ontario, was 
used to identify additional diagnostic testing and in-hospital services. 
The Ontario Drug Benefit prescription database was used to determine 
outpatient prescription drug use for patients aged ≥65 years.12

Study Sample
Our study sample is described in detail in Figure I, available in the 
online-only Data Supplement. Adult OHCA patients who were trans-
ported alive to the emergency department of an acute-care hospital in 
Ontario from April 1, 2002, to March 31, 2012, were identified using 
the International Classification of Disease, Tenth Revision, codes 
associated with cardiac arrest (I460, I461, I469, I4900, I4901, R960, 
R961, R98, and R99) and the Canadian Classification of Health 
Interventions codes for cardiopulmonary resuscitation (1HZ30JN 
and 1HZ30JY). Patients <20 years of age and those who had an arrest 
attributed to life-threatening trauma were not included. We excluded 
OHCA patients who died before arrival to the emergency department 
arrival because of the limitations of our data source but included 
patients who received resuscitative efforts in the emergency depart-
ment. Patients with incomplete records or invalid Ontario  health card 
numbers were also excluded. For those who had multiple arrests dur-
ing the study period, only the first event was considered.

Survival After OHCA
We evaluated 30-day and 1-year survival, but did not examine in- 
hospital survival because this measure is biased by differences in 
hospital discharge practices.13 Survival duration was estimated from 
the day of arrival to the emergency department to the day of death. 
Mortality was assessed through March 31, 2013, with complete  
follow-up for each included patient.

Statistical Analysis
The patient cohort was stratified by the Canadian fiscal year (April 1 
to March 31) of the index OHCA. Temporal trends in characteristics 
were compared using the Cochran-Armitage Trend test for categorical 
variables and linear regression for continuous variables, using year of 
the OHCA as the independent variable. Rates of targeted temperature 
management (TTM) were calculated among patients who survived 
the day of presentation to the emergency department. We calculated 
the age- and sex-standardized rate of OHCA patients transported to 
the hospital alive through direct standardization to the 2006 Ontario 
population. We also calculated incidence rates for 4 predetermined 
age groups (20–49, 50–64, 65–74, and ≥75 years) and for men and 
women separately. Temporal changes in incidence rates were evalu-
ated using Poisson regression models.

We then examined the independent association between year of 
the index OHCA (treated as a continuous variable) and 30-day and 
1-year survival using logistic regression with generalized estimating 
equations to account for clustering of patients within hospitals.14 The 

model adjusted for age, sex, income quintile of the patient’s neigh-
borhood of residence, rural residence, cardiac risk factors (diabetes 
mellitus, hypertension, and dyslipidemia), previous cardiovascular 
conditions (chronic atherosclerosis, ischemic heart disease, previ-
ous myocardial infarction, unstable angina, heart failure, arrhythmia, 
cerebrovascular disease, and peripheral vascular disease), medi-
cal comorbidities (renal disease, chronic lung disease, and cancer), 
and the Charlson-Deyo comorbidity score. To test whether temporal 
trends in survival differed by age groups, we repeated this analysis by 
stratifying our cohort into age groups (20–49, 50–64, 65–74, and ≥75 
years) and tested the significance of the interaction between year of 
arrest and age group. Using the same method, we also examined the 
potential differences in temporal improvement by sex.

To ensure our results were robust, we undertook additional sen-
sitivity analyses using the Epistry Cardiac Arrest database, which is 
a well-validated, population-based database of consecutive OHCA 
cases, collected prospectively from emergency medical service and 
hospital records. It is used as the primary data capture tool for random-
ized, controlled trials by the Resuscitation Outcomes Consortium.15 A 
subset of this database, the Toronto Epistry data set, captures patients 
with OHCA in the Greater Toronto Area. First, we used this data set 
as a gold standard to determine the accuracy of our diagnostic coding 
strategy. Second, we compared the independent association between 
year of OHCA and survival in the linked data set and the Toronto 
Epistry data set in the overlapping time period from January 1, 2006, 
to December 31, 2010. Third, we evaluated potential changes in the 
survival estimates using Toronto Epistry data, first using the origi-
nal adjustment variables and then with additional clinical variables 
known to predict survival, such as location of cardiac arrest and ini-
tial presenting rhythm. Finally, we also made use of the Epistry data 
potential changes in presenting cardiac arrest rhythm over time and 
estimated the total number of OHCA patients in Ontario.

This study was approved by the ethics board at the Sunnybrook 
Health Sciences Center for use of the Toronto Epistry data and the 
population-based administrative data. Informed consent was waived, 
as permitted under Ontario privacy laws for research using admin-
istrative data and the Toronto Epistry data set. Two-tailed P values 
<0.05 were considered significant. Analyses were performed with the 
use of SAS software, version 9.3 (SAS Institute, Cary, NC).

Results
Baseline Characteristics and Therapy
From April 1, 2002, to March 31, 2012, 34 291 OHCA patients 
were treated and transported alive to an emergency depart-
ment in Ontario. Patient- and hospital-related characteristics 
for each fiscal year are shown in Table I in the online-only 
Data Supplement and grouped into 5 time periods in Table 1. 
The mean age of our study cohort was 67.4 years, and 65.2% 
of patients were men, with no significant change over the 
decade. A statistically significant trend for an increased preva-
lence of cardiac risk factors was observed for diabetes mellitus 
(29.2–37.8%), hypertension (62.3–68.6%), and dyslipidemia 
(21.2–30.4%) in the study period. In contrast, the prevalence 
of many previous cardiovascular conditions decreased over 
time. For example, myocardial infarction decreased from 
18.4% in 2002 to 13.1% in 2011, heart failure from 21.6% to 
18.1%, and cerebrovascular disease from 8.5% to 6.1%. The 
prevalence of other medical conditions such as renal disease, 
primary or metastatic cancer, and the mean Charlson-Deyo 
comorbidity score did not significantly change over the study 
period. Patients in later years were also more likely to have 
undergone previous cardiac testing, cardiac catheterization, or 
installation of an implantable cardioverter-defibrillator.

Information on medical therapy in the 12 months before 
OHCA was available for 20 060 patients over 65 years 
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(Table 1 and Table I in the online-only Data Supplement). The 
use of statin medications increased substantially from 29.9% 
to 57.3%, β-blockers from 36.7% to 48.1%, and angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers 

from 57.8% to 63.2% from 2002 to 2011. The use of TTM 
among OHCA patients who survived the index event date 
is shown in Figure II in the online-only Data Supplement. 
The use of in-hospital TTM was 0.4% in 2002, remained at 

Table 1. Trends in the Demographic and Clinical Characteristics of OHCA Patients Who Were 
Transported to the Hospital Alive From Fiscal Year 2002 to 2011

Variable 2002–2003 2004–2005 2006–2007 2008–2009 2010–2011 P Value for Trend

No. of patients 6320 6295 6606 7345 7725

Demographics, %

    Age, mean±SD, y 67.6±15.4 67.5±15.6 67.2±15.8 67.3±15.9 67.2±16.1 0.152

    Men 65.0 64.8 65.0 65.6 65.7 0.210

    Rural 15.4 14.2 13.9 13.2 12.1 <0.001

Cardiac risk factors, %

    Diabetes mellitus 29.5 31.3 33.2 35.8 37.3 <0.001

    Hypertension 61.8 64.1 65.4 66.8 68.5 <0.001

    Dyslipidemia 20.8 24.7 27.7 31.4 30.5 <0.001

Previous cardiovascular conditions, %*

    Chronic atherosclerosis 24.2 20.7 18.8 18.7 18.4 <0.001

    Ischemic heart disease 25.9 20.0 15.6 13.8 13.3 <0.001

    Myocardial infarction 17.1 14.1 13.5 12.9 12.8 <0.001

    Unstable angina 7.6 7.1 5.6 4.8 4.3 <0.001

    Heart failure 21.3 18.8 17.8 17.1 17.8 <0.001

    Arrhythmias 18.8 16.6 15.1 14.9 15.9 <0.001

    Cerebrovascular disease 8.1 7.7 5.9 6.2 5.9 <0.001

    Peripheral vascular disease 7.2 6.7 5.4 5.0 4.8 <0.001

Medical comorbidities, %

    Chronic lung disease 14.3 12.3 11.6 10.8 11.7 <0.001

    Renal disease 7.6 7.3 8.1 8.4 7.8 0.185

    Primary cancer 6.5 6.7 6.3 6.8 6.4 0.880

    Metastatic cancer 3.0 3.1 2.9 2.9 2.8 0.424

    Charlson-Deyo comorbidity score, mean±SD 1.52±2.13 1.42±2.08 1.42±2.12 1.49±2.15 1.52±2.15 0.312

Medications in the past year, %†

    Statins 32.2 40.5 47.7 52.8 56.1 <0.001

    β-Blockers 37.9 40.5 43.1 45.9 46.8 <0.001

    ACE inhibitors or ARBs 57.0 58.9 61.2 63.1 62.8 <0.001

Cardiac assessment or procedures in the past 5 y, %

    Assessment of ventricular function 38.4 39.0 41.2 47.1 51.9 <0.001

    Assessment of ischemia 23.1 24.4 24.1 25.4 26.8 <0.001

    Cardiac catheterization 10.3 10.2 11.1 12.0 12.5 <0.001

    Percutaneous coronary intervention 2.0 2.7 3.4 4.1 4.5 <0.001

    Permanent pacemaker 2.4 2.6 2.2 2.1 2.4 0.431

    Coronary artery bypass grafting 1.8 1.9 1.9 1.9 1.8 0.790

    Implantable cardioverter-defibrillator 0.5 1.0 1.0 1.1 1.5 <0.001

Hospital characteristics, %

    Teaching hospital 15.8 14.6 16.5 18.3 18.4 <0.001

    Cardiac catheterization facility 25.3 27.1 28.6 33.0 32.6 <0.001

    Cardiac arrest volume, mean±SD 59.4±32.3 56.7±29.3 59.3±31.8 61.7±32.1 62.4±31.7 <0.001

ACE indicates angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; and OHCA, out-of-hospital cardiac 
arrest.

*Previous cardiovascular conditions within the past 5 years were identified.
†Data on medication available for 20 060 patients >65 years of age who are eligible for the Ontario Drug Benefit Program were 

included.
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<10.0% from 2002 to 2005, and then increased to 11.4% in 
2006 and to 40.5% in 2011 (P<0.001).

Using the Epistry data set, we examined changes in the 
clinical characteristics and presenting rhythm of 7419 OHCA 
patients alive at hospital arrival from 2006 to 2010 to gain 
additional insights into the mechanism of an improving sur-
vival trend (Table III in the online-only Data Supplement). 
We observed that changes in the clinical characteristics in the 
Epistry data set were similar to the overall cohort, with increas-
ing rates of diabetes mellitus and dyslipidemia, decreasing 
rates of ischemic heart disease and heart failure, increasing 
medication use, and no significant change in the propor-
tion of men or average age in the population. Despite these 
changes, there was no substantial trend in the initial present-
ing rhythms as determined by the first responders (Table III in 
the online-only Data Supplement). In 2006, 28.3% of patients 
had a shockable rhythm (ventricular tachycardia or ventricular 
fibrillation), and 69.0% had a nonshockable rhythm (asystole 
or pulseless electric activity). In 2010, 28.7% of patients had a 
shockable rhythm and 66.5% a nonshockable rhythm.

Trends in the Incidence of OHCA Patients Alive at Hospital 
Arrival
Figure 1 shows the age- and sex-standardized incidence rates 
for OHCA patients who were transported to the hospital alive 
from fiscal year 2002 to 2011. The overall incidence at 36 
cases per 100 000 persons per year did not significantly change 
over the study period. For patients 20 to 49 years of age, the 
standardized incidence rate of OHCA was 8.3 per 100 000 in 
2002 and increased to 9.3 per 100 000, representing a 28% 
relative increase over the entire study period. For patients ≥75 
years of age, the standardized incidence of OHCA decreased 
from 174.0 per 100 000 in 2002 to 156.9 per 100 000 in 2011, 
representing a 10% relative decrease. The overall incidence 
of OHCA did not significantly change for men and women at 
48.1 per 100 000 and 24.5 per 100 000, respectively.

Trends in Survival for OHCA Patients Alive at Hospital 
Arrival
Among OHCA patients transported alive to the hospital, the 
unadjusted survival at 30 days and 1 year is shown in by each 

fiscal year in Table II in the online-only Data Supplement 
and grouped into 5 time periods in Table 2. In 2002, 9.4% of 
patients survived to 30 days and 7.7% survived to 1 year after 
cardiac arrest. Survival improved significantly over time, and, 
in 2011, 13.6% of patients survived to 30 days and 11.8% sur-
vived to 1 year after cardiac arrest (P<0.001 for trend). Both 
30-day survival and 1-year survival improved for patients 
in all of the age groups and in men and women. The largest 
increase in survival was seen among patients aged 20 to 49 
years, in which the 30-day survival improved from 8.8% to 
19.1% and the 1-year survival improved from 7.6% to 18.2% 
in the study period.

The multivariable adjusted odds ratio for survival at 30 
days after OHCA was 1.47 (95% CI, 1.22–1.77) in 2011 as 
compared with 2002 (Figure 2A). The adjusted odds ratio 
for 1-year survival was 1.55 (95% CI, 1.27–1.91) in 2011 
as compared with 2002 (Figure 2B). Although improvement 
was seen in all of the age groups, a significant interaction 
between survival improvement and age group was observed 
in which improvement was largest in the youngest age 
groups (Figure 3A, interaction P<0.001 for 30-day survival; 
Figure 3B, interaction P=0.001 for 1-year survival). Men and 
women experienced no significant differences in improvement 
in survival after OHCA (Figure IIIA and IIIB in the online-
only Data Supplement).

Additional Sensitivity Analyses
Comparing the provincial data with the Toronto Epistry data, 
the algorithm for identifying patients with OHCA who were 
transported to the hospital alive using provincial data were 
shown to have 70% sensitivity and 72% positive predic-
tive value. In addition, there was no substantial difference 
in adjusted odds ratios for 30-day and 1-year survival from 
January 1, 2006, to December 31, 2010, comparing 3 differ-
ent methods: the original data set with adjustment, Epistry 
data set with original adjustment variables, and Epistry data 
set with additional clinical variables that included location of 
cardiac arrest and presenting rhythm (Table IV in the online-
only Data Supplement).

Figure 1. Trends in the incidence of out-of-hospital 
cardiac arrest (OHCA) patients transported alive 
to hospital, 2002–2011. The age- and sex-
standardized incidence rates for OHCA patients 
who were transported alive to emergency 
departments in Ontario are shown by age group 
and overall (dotted line). The 2006 Ontario 
population was used as the reference population.
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Discussion
Our population-based study, which included 34 291 patients 
who were transported to an acute-care hospital for treatment, 
extends previous knowledge in the field of OHCA. First, we 
found substantial changes in the baseline characteristics of 
OHCA patients alive at hospital arrival, where patients were 
increasingly more likely to have cardiovascular risk factors 
but less likely to have previous cardiovascular conditions. 
Second, although the overall incidence of OHCA patients 
transported to the hospital alive did not change over time, the 
incidence increased in the youngest age group but decreased 
in the oldest patients. Significant improvements in survival 
were observed in which patients were 50% more likely to 
survive to 30 days and 1 year, even after accounting for tem-
poral changes in baseline characteristics. Finally, there were 
disparities in the magnitude of survival improvement across 
age groups, favoring younger patients.

Few studies have documented temporal changes in the 
clinical characteristics of OHCA patients resuscitated in the 
field and arriving at the hospital. From 2002 to 2011, there 
was a significant increase in the prevalence of diabetes mel-
litus, hypertension, and dyslipidemia. This pattern has also 
been observed in the general Canadian population and was 
attributed to a combination of several factors, including rising 
incidence of risk factors, enhanced diagnosis, and increased 
survivorship.10,16–18 We also observed a decreasing prevalence 
of established cardiovascular diseases (ischemic heart disease, 
myocardial infarction, cerebrovascular disease, and periph-
eral vascular disease), whereas the overall demographics and 

noncardiac comorbidities among OHCA patients who were 
alive at hospital arrival did not change significantly over time. 
The decrease in cardiovascular disease in the general popula-
tion has been explained by improved primary and secondary 
prevention in the general population. The implications of the 
changing trends in clinical characteristics and OHCA survival 
are unclear. Additional work is needed to fully delineate the 
connection between individual risk factors and specific car-
diovascular conditions with cardiac arrest outcomes.

The incidence of OHCA patients transported to the hospital 
alive is sensitive to multiple factors, including the actual inci-
dence of disease, early recognition of cardiac arrest, and the 
success of prehospital treatment. Nonetheless, it is interesting 
to note that trends in the incidence of OHCA observed in our 
study mirror the overall incidence of cardiovascular disease in 
Canada, with an increasing trend among younger patients and 
a decreasing trend among older patients.19 It has been hypoth-
esized that the modest increase in cardiovascular incidence 
in the young is attributed to an increasing burden of diabetes 
mellitus, hypertension, and obesity. In contrast, the lowering 
incidence among older patients has been attributed predomi-
nantly to the increased use of evidence-based medical therapy 
for primary and secondary prevention.17,19

The improving survival trends in our study are consistent 
with observations from countries that have nationally coor-
dinated systems to manage or improve the care of out-of-
hospital emergencies, and many factors are likely responsible 
for the improving trend of OHCA survival. Improvements in 
bystander cardiopulmonary resuscitation rates, early response 

Table 2. Unadjusted Survival of Out-of-Hospital Cardiac Arrest Patients Who Were 
Transported to the Hospital Alive at 30 Days and 1 Year From Fiscal Year 2002 to 
2011, Stratified by Age Groups and Sex

2002–2003 2004–2005 2006–2007 2008–2009 2010–2011 P Value for Trend

Overall, No. 6320 6295 6606 7345 7725

    30-d survival, % 8.7 8.6 9.6 11.3 13 <0.001

    1-y survival, % 7.1 7.4 8.4 9.6 11.3 <0.001

Age 20–49, No. 888 881 981 1058 1107

    30-d survival, % 9.2 9.5 11.8 14.6 18.7 <0.001

    1-y survival, % 8.1 9.0 11.1 13.5 17.7 <0.001

Age 50–64, No. 1482 1523 1680 1912 2054

    30-d survival, % 10.1 9.9 12.4 15.4 15.9 <0.001

    1-y survival, % 9.0 8.7 11.1 14.0 14.4 <0.001

Age 65–74, No. 1461 1466 1416 1524 1652

    30-d survival, % 10.4 8.8 9.5 11.9 13.1 <0.001

    1-y survival, % 9.0 7.2 8.1 10.2 11.2 0.001

Age ≥75, No. 2489 2425 2529 2851 2912

    30-d survival, % 6.5 7.4 6.8 6.9 8.9 0.007

    1-y survival, % 4.5 6.1 5.6 4.9 6.7 0.020

Men, No. 4105 4078 4292 4819 5072

    30-d survival, % 9.4 8.8 10.6 12.1 13.8 <0.001

    1-y survival, % 7.8 7.6 9.3 10.7 12.1 <0.001

Women, No. 2215 2217 2314 2526 2653

    30-d survival, % 7.3 8.3 7.7 9.6 11.6 <0.001

    1-y survival, % 5.8 6.9 6.6 7.6 9.6 <0.001
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time by emergency medical services, and access to an auto-
mated external defibrillator have all been demonstrated to be 
associated with improvement in survival.4–6 In addition, recent 
evidence and practice guidelines emphasized the importance 
of single defibrillation shocks and high-quality cardiopulmo-
nary resuscitation.20–23 On the other hand, we did not find a 
consistent trend in the rates of shockable and nonshockable 
rhythm in OHCA patients in the Epistry data, suggesting that 
changes in initial presenting rhythm were not a main determi-
nant of survival improvement. We also observed a substantial 
increase in the use of TTM after OHCA that corresponded 
with the timeframe when survival improvement was occur-
ring. Although the optimal use of TTM in OHCA patients 
remains controversial,24,25 its use may also be a marker of 
improved overall postarrest in-hospital care and management 
for OHCA patients. Before cardiac arrest, we also observed 
a significant increase in the use of evidence-based cardiac 
medications, including statins and β-blockers. In the set-
ting of myocardial infarction, these medications have been 
shown to reduce the severity of infarction and reduce the risk 
of subsequent cardiac events.26 Future studies are warranted 
to evaluate whether the increased use of these medications is 
associated with improved survival after OHCA.

Although improvement in survival was similar among men 
and women, discrepancies were observed by age group, in 
which the largest improvement was seen in younger patients. 

Potential explanations include differences in treatment aggres-
siveness and effectiveness across age groups and greater phys-
iological reserve to tolerate periods of hypoperfusion among 
younger patients. Given that the majority of OHCAs occur in 
older patients, additional efforts are needed to identify reasons 
underlying these discrepancies.

Several potential limitations of our study warrant discus-
sion. First, our cohort only included OHCA patients who sur-
vived to the destination hospital. Based on the Epistry data and 
the existing literature, we estimated that >13 000 patients with 
OHCA are assessed and ≈8000 patients are treated annually 
in Ontario by emergency medical service personnel.2 More 
than 40% of those treated died on scene or en route to the 
hospital. Although our study cohort only represented ≈25% 
of the OHCA patients assessed in the province, the majority 
of untreated OHCA patients are composed of patients with 
a clear evidence of death (rigor mortis), compelling reasons 
that treatment would be considered futile (eg, a do-not-resus-
citate directive or terminal illness), or lack of response to full 
resuscitative measures. Most of these patients are unlikely to 
receive benefit from more aggressive prehospital and in-hos-
pital treatment.27 In addition, gradual implementation of ter-
mination of resuscitation rules in communities across Ontario 
occurred during our study period. For example, the proportion 
of patients who died on arrival decreased substantially from 
24.2% to 6.2% from 2002 to 2011. Therefore, exclusion of 
these patients was needed to avoid overestimation of survival 
improvement in OHCA patients. Second, we were unable 

A
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Figure 3. Adjusted odds ratios for 30-day and 1-year survival by 
age groups. The adjusted odds ratios of out-of-hospital cardiac 
arrest (OHCA) patients who were transported to hospital alive at 
(A) 30 days and (B) 1 year are shown. Patients aged 20-49 years 
are represented in dark blue, aged 50-64 years in blue, aged 
65-74 years in light blue, aged ≥75 in white. The reference year 
was fiscal year 2002. The same variables for adjustment were 
used as described in Figure 1.
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B

Figure 2. Adjusted odds ratio for 30-day and 1-year survival. The 
adjusted odds ratios of out-of-hospital cardiac arrest (OHCA) 
patients who were transported to hospital alive at (A) 30 days 
and (B) 1 year are shown. The reference year was fiscal year 
2002. Models were adjusted for age, income quintile, rural 
location, diabetes mellitus, hypertension, dyslipidemia, chronic 
atherosclerosis, ischemic heart disease, myocardial infarction, 
heart failure, cerebrovascular disease, unstable angina, 
peripheral vascular disease, arrhythmias, renal disease, chronic 
lung disease, cancer, and Charlson-Deyo comorbidity score. 
Adjusted odds ratios (y axis in log scale) were plotted against 
year of event (x axis). I bars represent 95% CIs.



Wong et al  Survival After Out-of-Hospital Cardiac Arrest  1889

to disentangle the proportion of patients who died because 
of cardiac-related trauma versus those who died because of 
major trauma. Previous studies have demonstrated that cardiac 
conditions only account for 0.19% to 0.33% of road-related 
trauma and are therefore unlikely to impact our study find-
ing.28,29 Third, although the use of administrative data sources 
in Ontario have been well validated for myocardial infarc-
tion, heart failure, and cardiac procedures, no previous studies 
have evaluated the validity of these data for OHCA. In addi-
tion, these data sources do not include clinical information 
regarding prehospital evaluation and treatment. Accordingly, 
we performed a series of validation analyses using data from 
the Toronto Epistry data set, showing that our algorithm per-
formed reasonably well against research-quality clinical data, 
even when additional variables known to affect survival, such 
as rhythm and bystander cardiopulmonary resuscitation, were 
included. Furthermore, misclassification errors should not 
change over time, because we applied the same codes over the 
entire study period, allowing for reliable interpretation of the 
temporal trends found in our study. Our data source did not 
include medication information on patients <65 years of age 
and did not include information on neurologic and functional 
status or discharge destination of patients. We were, therefore, 
unable to analyze trends in functional recovery or explore the 
potential impact of medical therapy in younger patients. In 
addition, our data were limited to Ontario. However, previ-
ous studies have shown similar patient characteristics and out-
comes for cardiac patients comparing Ontario and the United 
States, suggesting that our findings should be applicable other 
regions.30

In conclusion, OHCA patients transported to the hospital 
alive are increasingly more likely to have cardiovascular risk 
factors but less likely to have previous cardiovascular condi-
tions. Although the overall incidence of this group did not 
change over the past decade, short- and longer-term survival 
after OHCA has improved substantially, with the strongest 
improvement in younger patients.
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CLINICAL PERSPECTIvE
Out-of-hospital cardiac arrest (OHCA) is associated with a poor prognosis and poses a significant burden to the healthcare 
system. However, few studies have evaluated whether OHCA incidence and survival have changed over time. We performed 
an observational study using a population-based cohort study including 34 291 OHCA patients who were transported alive 
to an acute-care hospital from 2002 to 2012 in Ontario. Over this time period, OHCA patients were increasingly more likely 
to have cardiovascular risk factors but less likely to have previous cardiovascular conditions. The overall incidence of OHCA 
patients transported to the hospital alive did not change over the past decade. Short- and longer-term survival after OHCA 
has substantially improved, with younger patients experiencing the greatest improvement.
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