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Summary

Background Understanding the long-term outcomes and disability-adjusted life years (DALY) after out-of-hospital
cardiac arrest (OHCA) is important to understand the overall health and disease burden of OHCA respectively,
but data in Asia remains limited. We aimed to quantify long-term survival and the annual disease burden of
OHCA within a national multi-ethnic Asian cohort.

Methods We conducted an open cohort study linking the Singapore Pan-Asian Resuscitation Outcomes Study
(PAROS) and the Singapore Registry of Births and Deaths from 2010 to 2019. We performed Cox regression,
constructed Kaplan-Meier curves, and calculated DALYs and standardised mortality ratios (SMR) for each year of
follow-up.

Results We analysed 802 cases. The mean age was 56.0 (SD 17.8). Most were male (631 cases, 78,7%) and of Chinese
ethnicity (552 cases, 68.8%). At one year, the SMR was 14.9 (95% CI:12.5-17.8), decreasing to 1.2 (95% CI:0.7-1.8) at
three years, and 0.4 (95% CI:0.2-0.8) at five years. Age at arrest (HR:1.03, 95% CI:1.02-1.04, p < 0.001), shockable
presenting rhythm (HR:0.75, 95% CI:0.52-0.93, p = 0.015) and CPC category (HR:4.62, 95% CI:3.17-6.75, p < 0.001)
were independently associated with mortality. Annual DALYs due to OHCA varied from 304.1 in 2010 to 849.7 in
2015, then 547.1 in 2018. Mean DALYs decreased from 12.162 in 2010 to 3.599 in 2018.

Conclusions OHCA survivors had an increased mortality rate for the first three years which subsequently normalised
compared to that of the general population. Annual OHCA disease burden in DALY trended downwards from 2010 to
2018. Improved surveillance and OHCA treatment strategies may improve long-term survivorship and decrease its
global burden.
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Research in context

Evidence before this study

Before embarking on this study, we performed a literature
review in the Medline and Embase databases. We used key
search terms including “cardiac arrest”, “heart arrest”,
“survival”, and “mortality” to retrieve studies from inception
of each database until December 31, 2021. The majority of
studies addressed short-term survival post-OHCA, including
survival until 30 days after OHCA or hospital discharge.
However, there has been a growing focus on long-term OHCA
survivorship and outcomes from multiple domains, such as
long-term survival, complications, and quality-of-life among
the group of OHCA patients who survive beyond 30 days after
OHCA or hospital discharge. Recent international studies in
Italy and Australia based on cardiac arrest registries with
regional coverage have shed light on this area of research, but
results varied with a standardised mortality ratio (SMR) 23
times and five times that of the general population in the
former and latter studies respectively. A recent systematic
review conducted in 2021 revealed that 20.8% of long-term
OHCA survivors were alive at 15 years of follow-up, with
lower survival in Asia compared to other regions. There were
no studies which measured disability-adjusted life years
(DALYs) among post-OHCA survivors in the Asian context. As
a whole, data in the Asian context appeared limited.

Added value of this study

Our study aimed to quantify the annual burden of OHCA
estimated using DALYs after OHCA in the Asian context, as
well as to describe long-term survival and factors associated
with survival among OHCA survivors up to 10 years of follow-
up. Our study linked the Singapore data from the Pan-Asian
Resuscitation Outcomes Study, an international, multicentre,
cardiac arrest registry which has complete national coverage
in Singapore, to the national death registry. This allowed us to
estimate the SMR for long-term OHCA survivors and calculate

Introduction

Out-of-hospital cardiac arrest (OHCA), or sudden car-
diac arrest, is one of the leading causes of mortality
worldwide."” The global incidence of emergency medi-
cal services (EMS)-treated OHCA may range from 30 to
97.1 per 100,000 population among which the percent-
age surviving to discharge is an estimated 8.6%-9.9%."”
In Singapore, the age-adjusted incidence of OHCA was
approximately 50.0 per 100,000 person-years and
increased between 2011 and 2016, with survival rates of
approximately 1.0-3.0% in the same period.** OHCA
thus poses a large health burden both locally and
internationally.

disease burden in terms of DALYs using a nationally
representative sample which had comprehensive case capture.
Our key findings were that (a) long-term survivorship of the
OHCA cohort decreased through the follow-up period, (b)
SMR decreased from the first to the fifth year of follow-up,
and (c) total DALY attributable to long-term OHCA survivors
varied although mean DALY decreased from 2010 to 2018.
Our study is the first national Asian study to quantify long-
term survival and disease burden of long-term OHCA
survivors, to our knowledge, and thus represents an
important contribution to current evidence.

Implications of all the available evidence

Taken together with existing evidence, our study suggests
that adult OHCA continues to exert a large burden of disease,
warranting an increased focus on OHCA with regard to public
health policy. The available evidence suggests that SMR
among OHCA survivors is the highest in the early years post-
OHCA and eventually normalises to that of the general
population. Furthermore, our study revealed a decreasing
trend in DALYs despite contrary evidence from international
studies, with these observed differences likely due to
differences in surveillance or treatment strategies, ranging
from community interventions to post-resuscitation care.
Based on these findings, public health policy should pay close
attention to OHCA survivors during the initial follow-up
period, when they seem to be most vulnerable. Furthermore,
additional data is urgently needed to investigate how and
why the disease burden and long-term survival of OHCA
varies, in order to guide research into treatment strategies for
OHCA aimed at the various predictors of long-term survival,
such as interventions to improve short-term neurological
outcomes, which was a significant predictor of survival in our
study.

OHCA is defined as the loss of functional cardiac
mechanical activity in association with an absence of
systemic circulation, occurring outside of a hospital
setting.! Extensive research has been conducted on fac-
tors associated with short-term survival following
OHCA.”"" Recently, however, increased focus has been
placed on the long-term outcomes of OHCA,>'™
including long-term survival and health-related quality
of life during the additional years of life lived,'>>"
which help evaluate the natural history and long-term
impact of OHCA on the health burden of society.'>'*"
To quantify both the fatal and non-fatal disease
burden of OHCA, several recent articles had applied the
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concept of disability-adjusted life years (DALYs) to
OHCA."?' The DALY of a case is defined as the sum of
the number of years of life lost (YLL) and the number of
years lived with disability (YLD).” Thus, one DALY is
equal to one year of healthy life lost. The estimated
annual DALYs after adult nontraumatic EMS-treated
OHCA in the United States was 4,354,192 in 2016,
with a rate of 1347 OHCA DALYs per 100,000 popula-
tion (third highest cause of DALYs in the US).”!

To our knowledge, data on the long-term outcomes
of OHCA in Asia has been limited'? with no reports on
DALYs after OHCA in Asia. We aimed to quantify the
annual disease burden of OHCA estimated using
DALYs in a national multi-ethnic Asian cohort and
describe factors associated with long-term survival (up
to 10 years follow up).

Methods

Study design

We conducted an open cohort study through the linkage
of two national datasets, the Singapore data from the
Pan-Asian Resuscitation Outcomes Study (PAROS),”
and the Singapore Registry of Births and Deaths
(henceforth, the “death registry”)* from 2010 to 2019.
PAROS is an international, multicentre, prospective
registry of OHCA in nine countries across the Asia—
Pacific region established in 2009.* PAROS is based
on Utstein-style recommendations®® and has a data
dictionary and taxonomy aligned with the Cardiac Arrest
Registry to Improve Survival (CARES).* The death
registry is maintained by the Ministry of Home Affairs
Immigration and Checkpoints Authority and includes
data on the cause and date of death of all Singaporeans
and permanent residents residing in Singapore.”* We
then linked the PAROS data with the death registry to
determine the survival status and duration of the OHCA
survivors after OHCA. Data linkage was performed us-
ing the National Registration Identity Card (NRIC)
numbers of each case, which is the unique national
identification number in Singapore. There is legislative
requirement to report death certifications according to
the Registration of Births and Deaths Act of 1937,
therefore ensuring complete and accurate ascertain-
ment of nation-wide long-term mortality outcomes
among OHCA cases.

Setting

This study was conducted in Singapore, an urbanized,
multi-ethnic, densely populated island city-state located
in Southeast Asia with a population of 5.7 million over a
land area of 725.7 km? (population density of 7810 per
km?).” The Singapore Civil Defence Force (SCDF)
provides nationwide EMS in Singapore and is a fire-
based system activated by a centralized “995” dispatch
system.””?* All ambulances have mechanical CPR
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devices, and all ambulance personnel are proficient in
basic life support skills and can administer automated
external defibrillators.”® Patients experiencing OHCA in
Singapore typically receive treatment at the scene and
are then transported to the hospital by EMS after a brief
period of resuscitation, usually with ongoing CPR." In
recent years, several new prehospital interventions have
also been developed in Singapore and detailed descrip-
tion regarding EMS management of OHCA in
Singapore can be found in a previous paper.”’

Study population and data collection

We included all cases with OHCA in the PAROS dataset
(Singapore participants) in this study, defined as any
OHCA conveyed by EMS or presenting at emergency
departments, as confirmed by the absence of pulse,
unresponsiveness, and apnea.” As this study investi-
gated the long-term outcomes of OHCA, we excluded all
cases that demised within 30 days of the date of OHCA.
We also excluded foreigners who had no follow-up data
and hence no death information after linkage with
the Singapore Death Registry, as they may have left the
country. The date of OHCA was taken as the event date
and the registry data were subject to annual audits for
accuracy and inter-rater reliability. Outlier and illogical
data were flagged and reviewed for final consensus
among the registry coordinators. The study was
approved by the Centralised Institutional Review Board
(CIRB ref: 2018/2937) and qualified for exemption from
full review as it analyzed de-identified data, with the
Ministry of Health’s Unit for Prehospital Emergency
Care acting as a trusted third party.

Data collected from linkage of the two national da-
tabases included case demographics (age, sex, race),
details of OHCA, initiation of targeted temperature
management, and date and cause of death. Details of
OHCA included the presenting rhythm (categorised as
shockable, non-shockable, and unknown rhythm), the
presence of a witness during the OHCA, the provision
of bystander CPR, EMS response time (defined as time
the call was received at dispatch to the time the ambu-
lance arrived on scene and dichotomised to greater than
8 min and lesser than or equal to 8 min) and Cerebral
Performance Category (CPC) categorised to CPC grades
1 and 2 versus CPC grades 3 and 4.

The primary outcome of interest was duration of
survival after OHCA and was computed as the time
from 30 days after the date of OHCA to the date of death
as documented by the Singapore death registry. For the
time-to-event analysis, the date of censoring was taken
as the 30th of June 2020. The cause of death was
determined from the death registry and was collected
based on ICD 9 and ICD 10 codes reported by Singapore
registered medical practitioners who announced the
patient’s death. ICD 9 and ICD 10 codes were
harmonised using an open source R package, icdcoder.”
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Statistical analyses

Baseline characteristics were presented as frequencies
and proportions for categorical variables, and median
(interquartile range) or mean (standard deviation) for
continuous variables, as appropriate for the distribution
of the data. In accordance with previous literature,’ we
used a transport time of 8 min to dichotomise the cohort
of OHCA survivors into two groups of similar size.
Hypothesis testing was conducted using the Pearson
Chi-squared test and the independent student t-test to
compare baseline characteristics by death status at one
year follow up.

To investigate the long-term survival of patients with
OHCA, we conducted survival analyses and computed
Cox proportion regression models to identify factors
that were significantly and independently associated
with survival. Covariates included in the cox-
proportional models were demographics (age, sex, and
race), details of OHCA (presenting rhythm, witnessed
arrest, bystander CPR, EMS response time, and CPC
category), and the initiation of targeted temperature
management. In previous years, the median EMS
response time in Singapore was found to be close to
8 min,*” with both local studies” and international
studies* using the 8-min timepoint as a natural cut-off,
hence we chose to use the 8-min timepoint as a cut-off
here. The proportional hazards assumption was
assessed. Missing data within variables was kept as a
separate category to preserve the overall sample size.
Kaplan—Meier survival curves were constructed for the
overall population, and by key characteristics. The pro-
portion surviving (and 95% CI) was calculated annually
for up to eight years post-OHCA.

For the final model, we started with the most sig-
nificant covariate identified on univariate analysis and
used the likelihood ratio to assess whether inclusion of
the next most significant variable would improve the fit
of the model. This was done sequentially until all vari-
ables had been assessed. Interaction effects were also
assessed for the variables in the multivariate model. A
stratified analysis was performed by CPC category as we
found significant interaction effects. Kaplan-Meier
survival curves were constructed for the overall popu-
lation, and by key characteristics. The proportion sur-
viving (and 95% CI) was calculated for up to eight years
post-OHCA.

We calculated the standardised mortality ratio (SMR)
for each year of follow up (computed as the ratio of the
observed number of deaths divided by the expected
number of deaths). The expected number of deaths was
defined as the age and sex indirect standardised, with
the expected death rates at each year of OHCA and
follow up year calculated from the Complete Life
Table for Singapore Residents 2019.” The top 10 causes
of death categorized by ICD10 categories were
tabulated.

To quantify the annual disease burden of OHCA in
Singapore, the DALY following OHCA was calculated as
follows: for each death, the YLL was calculated from the
remaining standard life expectancy at the age of death,
stratified by gender, while the YLD was calculated by
assigning a disability weight (DW) based on their CPC
score.”” Further details may be found in the
Supplementary material Appendix S1. The DALY was a
summation of YLL and YLD.* The sum and average
DALY, along with YLL and YLD was calculated annually
from 2010 to 2018. The level of significance was set at
5% and the analysis was performed using Stata V16
(Stata Corp, College Station, Tx, USA).

Results

We included 802 cases in the analysis. 17,473 cases were
excluded because they died within 30 days of OHCA,
and 41 cases were excluded because these were for-
eigners with no cause of death or death date. The
detailed population flowchart may be found in
Supplementary Fig. S1. 126 cases had demised at one-
year follow up. The mean age of the cohort was 56.0
(SD 17.8) and majority of the cohort was male (631
cases, 78.7%) and of Chinese ethnicity (552 cases,
68.8%). OHCA survivors who died at one year of follow
up had significantly older age, a lower proportion of
shockable presenting rhythm, and higher CPC category
at baseline (Table 1). All survival estimates refer to
survival among patients surviving to 30 days after
OHCA, therefore fulfilling the inclusion criteria.

In the univariate cox proportional hazards model,
age at arrest (HR 1.04, 95% CI: 1.03-1.05, p < 0.001),
female sex (HR 1.35, 95% CI: 1.01-1.81, p = 0.046), and
CPC category 3-4 (HR 4.20, 95% CI: 3.23-5.406,
p < 0.001) were found to be significantly associated with
mortality while shockable presenting rhythm (HR 0.44,
95% CI: 0.33-0.58, p < 0.001) and ‘other’ race (HR 0.26,
95% CI: 0.10-0.69, p < 0.007) were significantly asso-
ciated with survival (Table 2). Fig. 1A shows the overall
survival curve, and Fig. 1B and C shows the curves for
subgroups by CPC category and shockable rhythm.

In the multivariate cox proportional hazards model
age at arrest (HR 1.03, 95% CI: 1.02-1.04, p < 0.001) and
CPC category 3-4 (HR 4.62, 95% CI: 3.17-6.75,
p < 0.001) were independently associated with mortality
while shockable presenting rhythm (HR 0.75, 95% CI:
0.52-0.93, p = 0.015) was significantly associated with
survival (Table 2). We found a significant interaction
effect between CPC category and age (p < 0.001), as well
as CPC category and a shockable first rhythm (p < 0.001)
in a stratified analysis (Supplementary Table S1).
Amongst those with CPC grades 1-2, age had a stronger
effect on mortality (HR 1.05, 95% CI: 1.03-1.07) as
compared to those with CPC grades 3-4 (HR 1.02, 95%
CI: 1.01-1.03). In addition, amongst those with CPC
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and deceased at 1 year.

Factor Whole Cohort (%) Alive at 1 Year (%) Died at 1 Year (%) p-Value®
Total N 802 676 126
Gender 0.054
Male 631 (78.7%) 540 (79.9%) 91 (72.2%)
Female 171 (21.3%) 136 (20.1%) 35 (27.8%)
Age, mean (SD) 56.0 (17.8) 54.4 (17.5) 64.9 (16.7) <0.001*
Race 0.99
Chinese 552 (68.8%) 455 (67.3%) 97 (77.0%)
Malay 96 (12.0%) 83 (12.3%) 13 (10.3%)
Indian 114 (14.2%) 100 (14.8%) 14 (11.1%)
Other 40 (5.0%) 38 (5.6%) 2 (1.6%)
Bystander CPR 0.39
No 316 (39.4%) 262 (38.8%) 54 (42.9%)
Yes 486 (60.6%) 414 (61.2%) 72 (57.1%)
Arrest witnessed 0.35
No 136 (17.0%) 111 (16.4%) 25 (19.8%)
Yes 666 (83.0%) 565 (83.6%) 101 (80.2%)
Hypothermia therapy initiated 0.42
No 554 (69.2%) 463 (68.6%) 91 (72.2%)
Yes 247 (30.8%) 212 (31.4%) 35 (27.8%)
EMS ambulance response time 0.59
<8 min 381 (47.5%) 319 (47.2%) 62 (49.2%)
>8 min 393 (49.0%) 335 (49.6%) 58 (46.0%)
Missing 28 (3.5%) 22 (3.3%) 6 (4.8%)
Shockable first arrest rhythm <0.001*
Non-shockable 167 (20.8%) 121 (17.9%) 46 (36.5%)
Shockable 577 (71.9%) 503 (74.4%) 74 (58.7%)
Unknown 58 (7.2%) 52 (7.7%) 6 (4.8%)
Cerebral performance category
Grouped <0.001*
1-2 540 (67.5%) 500 (74.2%) 40 (31.7%)
3-4 257 (32.1%) 171 (25.4%) 86 (68.3%)
Missing 3 (0.4%) 3 (0.4%) 0 (0.0%)

OHCA: Out-of-hospital cardiac arrest; SD: Standard deviation; CPR: Cardiopulmonary resuscitation; EMS: Emergency medical services. *p value < 0.05.7Test comparing alive

Table 1: Baseline demographics and clinical characteristics of the OHCA cohort stratified by mortality at one year follow up.

grades 1-2, a shockable first rhythm had a significant
protective effect (HR 0.36, 95% CI: 0.23-0.58) compared
to those with CPC grades 3-4 (HR 1.02, 95% CI:
0.72-1.45).

The long-term survivorship of OHCA was reported
for each year of follow up (Table 3). The proportion
surviving at one year of follow up was 0.84 (95% CI:
0.81-0.87), at five years of follow up was 0.68 (95% CI
0.65-0.72), and at ten years of follow up was 0.62 (95%
CI 0.57-0.67). The top three causes of death after OHCA
based on ICD10 categories were pneumonia, chronic
ischemic heart disease, and acute myocardial infarction
(Supplementary Table S2). The age-sex SMR of the
OHCA cohort compared to the standard Singapore
population was shown in Fig. 2. At one year of follow
up, the SMR was 14.9 (95% CI: 12.5-17.8) and this
decreased to 1.2 (95% CI: 0.7-1.8) at three years follow
up, and 0.4 (95% CI: 0.2-0.8) at five years follow up.
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The annual disease burden of long-term OHCA
survivors in Singapore measured using DALYs were
reported from 2010 to 2018 in Table 4. The total YLL
increased from 303.1 in 2010 to 844.2 in 2015, followed
by decreasing to 538.5 in 2018. The total YLD increased
from 1.0 in 2010 to 8.6 in 2018. The total DALY
increased from 304.1 in 2010 to 849.7 in 2015, followed
by decreasing to 547.1 in 2018, while mean DALY
decreased from 12.162 in 2010 to 3.599 in 2018 among
long-term OHCA survivors.

Discussion

We investigated the long-term survival of a large na-
tional Asian cohort who survived to 30 days after
OHCA. The key findings of this study were that (a) long-
term survivorship of the OHCA cohort decreased from
0.84 at one year of follow up to 0.62 at 10 years of follow
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Covariate Univariate analysis Adjusted analysis
HR 95% Cl p-Value HR 95% Cl p-Value
Gender
Male Reference
Female 1.35 1.01-1.81 0.046*
Age, every year increase 1.04 1.03-1.05 <0.001* 1.03 1.02-1.04 <0.001*
Race
Chinese Reference
Malay 0.68 0.43-1.05 0.085
Indian 0.90 0.62-1.31 0.589
Other 0.26 0.10-0.69 0.007*
Bystander CPR
No Reference
Yes 0.89 0.68-1.15 0.362
Arrest witnessed
No Reference
Yes 0.96 0.68-1.34 0.793
Hypothermia therapy initiated
No Reference
Yes 0.90 0.68-1.20 0.482
EMS ambulance response time
<8 min Reference
>8 min 0.95 0.73-1.24 0.713
Shockable first arrest rhythm
Non-shockable Reference Reference
Shockable 0.44 0.33-0.58 <0.001* 0.70 0.52-0.93 0.015*
Unknown 0.40 0.22-0.73 0.003* 0.45 0.24-0.82 0.010*
Cerebral Performance Category
1-2 Reference Reference
3-4 4.20 3.23-5.46 <0.001* 4.62 3.17-6.75 <0.001*
HR: Hazard ratio; 95% Cl: 95% confidence interval; CPR: Cardiopulmonary resuscitation; EMS: Emergency medical services. *p value < 0.05.
Table 2: Demographic and clinical factors associated with survival on Cox-proportional hazards models.

up, (b) SMR decreased from 14.9 at one year of follow
up to 1.2 and 0.4 and three and five years of follow up
respectively, and (c) total DALY attributable to long-term
OHCA survivors varied from 304.1 in 2010 to 849.7 in
2015 and finally to 547.1 in 2018, although mean DALY
decreased from 12.2 in 2010 to 3.6 in 2018. To our
knowledge, this is the first national Asian study to
quantify the annual disease burden of OHCA over time
using DALY and to describe the long-term survival of
OHCA patients for up to 10 years, hence representing a
significant contribution to the growing body of literature
on the public health burden and long-term outcomes of
OHCA.

In the Singapore Burden of Disease Study,” car-
diovascular diseases including OHCA were the lead-
ing cause of DALY, largely driven by YLL. However,
the overall decrease in the mean DALY from 2010 to
2018 in our study suggests that the long-term burden
per OHCA patient has improved in Singapore over
time, whereas international data revealed an
increasing burden of disease due to OHCA from 2013

to 2018 (possibly because of more precise national
OHCA surveillance in the later years).”® This result
from a cohort of initial OHCA survivors in a small
city-state may have been influenced by nation-wide
improvements to OHCA interventions,” ranging
from community interventions such as the MpyRes-
ponder phone application to improve rates of
bystander CPR and AED use” to post-resuscitation
interventions including coronary angiography (CAG)
with percutaneous coronary intervention (PCI)* and
targeted  temperature = management (TTM).”*
Although bystander CPR was not significantly associ-
ated with long-term survival in this study, the sum
effect of these interventions may have improved short-
term neurological outcomes, which was significantly
associated with long-term survival here and else-
where.” Yet, this encouraging result should not imply
that OHCA has a decreasing public health burden,
since total DALY may increase in the future consid-
ering Singapore’s aging population and the associa-
tion between older age and mortality.
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Fig. 1: Overall survival of out-of-hospital cardiac arrest patients in Singapore, in total (A), by shockable rhythm (B), and by Cerebral Performance

Category (C).

Our results further add to a body of knowledge about

long-term OHCA survival contributed to by various in-
ternational studies. A cohort of 3449 OHCA survivors in

Victoria, Australia, had a 10-year absolute survival of
70% and an SMR that approached that of the general
population after 5 years of follow up.'® A study by Baldi

Follow-up year Population at risk Deaths Proportion surviving 95% Cl
1 675 127 0.84 0.81 0.87
2 539 50 0.78 0.75 0.80
3 414 23 0.74 0.71 0.77
4 296 13 0.71 0.68 0.75
5 196 11 0.68 0.65 0.72
6 129 5 0.66 0.62 0.70
7 89 3 0.65 0.60 0.69
8 49 2 0.62 0.57 0.67
9 26 0 0.62 0.57 0.67
10 3 0 0.62 0.57 0.67
95% Cl: 95% confidence interval.
Table 3: Survival by follow-up period of the out-of-hospital cardiac arrest cohort.
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Fig. 2: Yearly standardised mortality ratios (95% confidence interval) of out-of-hospital cardiac arrest patients in relation to the standard

Singapore population in 2019.

et al. based in Lombardia, Italy, demonstrated a SMR
which decreased from 23 (95% CI: 16.8-30.2) to 2.6
(95% CI: 1.03—4.8) from the first to fifth year of follow
up using an approach to SMR analysis similar in
concept to our approach.” Lastly, a recent South Korean
study also showed an all-cause mortality of 35.2% after 1
year of follow up and 62.7% after 5 years of follow up,
suggesting that more than half of long-term survivors
who died met their demise in the first year.” These
results support the hypothesis that mortality in initial
OHCA survivors is greatest during the immediate
period after OHCA with increased mortality up to 15-
fold higher than the general population. This improves
in the later years,” suggesting that the longer patients
survive beyond the initial 5 years after OHCA, the more
likely they are to experience a life-span comparable to an
age and sex-matched general population.>*** Our find-
ings that age at arrest, non-shockable presenting
rhythm, and CPC category 3-4 were independently
associated with higher risk of mortality are largely
consistent with other studies worldwide.** It has been

previously hypothesised that traditional factors such as
witnessed arrest, bystander CPR, and EMS response
time influence long-term survival to a lesser degree than
short-term survival.'® As Singapore is a small, devel-
oped, and densely populated city-state with a mature
healthcare system,* geographical factors in our study
related to location of arrest and access to PCl-capable
hospitals were also less of a concern compared to
other countries."'* Lastly, we identified CPC grade to be
an effect modifier of the association between age or
shockable first rhythm and mortality. Our results sug-
gest that older age and non-shockable first rhythm had
stronger effects on mortality in OHCA survivors with
CPC grades 1-2 as compared to those with CPC grades
3-4. Hence, in patients with CPC grades 3-4, poor
neurological recovery may be the most important pre-
dictive factor for mortality in the long-term.'**

The importance of short-term good neurological
outcome to long-term survival implies that interventions
to improve short-term neurological outcomes such as
CAG, PCI, intensive care, and other post-resuscitation

Year Total YLL Total YLD Total DALY YLL YLD DALY

Mean 95% Cl Mean 95% Cl Mean 95% Cl
2010 303.1 1.0 304.1 27.6 16.4-38.7 0.07 0.05-0.09 122 4.9-19.4
2011 310.2 1.8 312.0 22.2 15.7-28.6 0.07 0.06-0.09 8.0 3.9-121
2012 3714 18 3732 18.6 15.1-22.1 0.06 0.05-0.08 7.8 4.8-10.8
2013 550.8 2.9 553.7 19.7 13.8-25.5 0.08 0.06-0.09 8.4 5.0-11.8
2014 624.8 2.8 627.6 215 17.8-25.3 0.06 0.05-0.07 8.0 5.3-10.8
2015 844.2 5.5 849.7 22.2 17.1-27.3 0.07 0.06-0.08 75 4.9-10.1
2016 731.6 77 739.3 18.8 14.7-22.8 0.07 0.06-0.07 4.8 3.2-6.4
2017 685.3 6.0 691.3 23.6 18.4-28.9 0.06 0.06-0.07 5.6 3578
2018 538.5 8.6 547.1 20.7 16.3-25.2 0.07 0.06-0.07 3.6 2.2-5.0

YLL: Years of life lost; YLD: Years of healthy life lost due to disability; DALY: Disability-adjusted life years; 95% Cl: 95% confidence intervals.

Table 4: Disability-adjusted life years lost for the out-of-hospital cardiac arrest cohort from 2010 to 2018.
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care strategies may in turn improve longer term out-
comes. More data about the long-term complications of
OHCA, such as acute myocardial infarction (which was
the third-most common cause of mortality in this study)
or recurrent cardiac arrest, are needed to guide the
long-term management of OHCA survivors.* This is also
the case in Singapore, especially since our current find-
ings are closely linked to future translational work and are
part of an ongoing internal conversation exploring the
long-term quality of life among OHCA survivors. Further
research into these gaps will be important to elucidate the
reasons behind changes in the burden of OHCA over the
years, thereby guiding potential public health policies,
although much remains unknown about the global
burden of OHCA survivors in terms of DALY and what
may ease this burden in the future.

Strengths and limitations

Our study is the first population-based Asian study to
quantify the long-term survivorship of OHCA and the
national disease burden exerted by this cohort of OHCA
survivors. The strengths of our study include a nation-
ally representative cohort of patients with comprehen-
sive case capture via the linkage of two national cohorts
using a nationalised identification number, and the
prospective ascertainment of exposure, outcomes and
follow up time in the cohort. Our study is based on the
PAROS registry, which has population-level coverage,
and in fact has complete national coverage because
Singapore is an island city-state with few patients
spilling over to non-surveilled healthcare systems and
every hospital, as well as the sole emergency ambulance
service, contributes data fully to PAROS. However, we
were not able to capture quality-of-life outcomes among
long-term OHCA survivors, which are important but
often overlooked by resuscitation studies. Furthermore,
another limitation was the relatively smaller cohort size
of our study. This may have led to less stable weight
calculations and larger fluctuations in annual trends for
our reported outcomes, although we encourage readers
to interpret the estimates in context of the 95% confi-
dence intervals, which we have reported in the manu-
script. Our study was also limited by the exclusion of
foreigners treated in Singapore that had no date of death
recorded or whose deaths were not captured as they
were overseas, and by the exclusion of cases with 2nd
episode cardiac arrest. The choice of DW to calculate the
YLD for individual patients also influenced our study
findings, although this choice was made to improve
comparability of results and reflects current under-
standing of how cardiac arrest impacts long-term quality
of life. The observational design of this study implies
our results are limited to observed associations and
cannot establish a causal link between covariates and
outcomes. Furthermore, our results are vulnerable to
confounding, although efforts to minimise these effects
were made through our adjusted analyses.
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Conclusion

Adult OHCA has a large burden of disease and should
be a focus of public health policy. In this national study,
initial survivors of OHCA had an increased mortality
rate compared to the general population for the first
three years, but subsequently normalised to that of the
general population, while the annual disease burden of
OHCA quantified using DALYs showed decreasing
trends from 2010 to 2018. Further improvements in the
surveillance and OHCA treatment strategies are needed
to improve long-term survivorship and to decrease the
global burden of OHCA.
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