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Abstract
Objectives: With more elderly presenting with Out-of-Hospital Cardiac Arrests (OHCAs) globally, neurologically intact survival (NIS) should be the

aim of resuscitation. We aimed to study the trend of OHCA amongst elderly in a large Asian registry to identify if age is independently associated with

NIS and factors associated with NIS.

Methods: All adult OHCAs aged �18 years attended by emergency medical services (EMS) from April 2010 to December 2019 in Singapore was

extracted from the Pan-Asian Resuscitation Outcomes Study (PAROS) registry. Cases pronounced dead at scene, non-EMS transported, traumatic

OHCAs and OHCAs in ambulances were excluded. Patient characteristics and outcomes were compared across four age categories (18–64, 65–79,

80–89, �90). Multivariable logistic regression analysis determined the factors associated with NIS.

Results: 19,519 eligible cases were analyzed. OHCA incidence increased with age almost doubling in octogenarians (from 312/100,000 in 2011 to

652/100,000 in 2019) and tripling in those �90 years (from 458/100,000 in 2011 to 1271/100,000 in 2019). The proportion of patients with NIS

improved over time for the 18–64, 65–79- and 80–89-years age groups, with the greatest improvement in the youngest group. NIS decreased with

each increasing year of age and minute of response time. NIS increased in the arrests of presumed cardiac etiology, witnessed and bystander CPR.

Conclusions: Survival with good outcomes has increased even amongst the elderly. Regardless of age, NIS is possible with good-quality CPR,

highlighting its importance. End-of-life planning is a complex yet necessary decision that requires qualitative exploration with elderly, their families

and care providers.
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Introduction

Globally, many societies face ageing populations.1 With the demo-

graphic shift, more elderly are experiencing out-of-hospital cardiac

arrests (OHCAs) and surviving.2–5 The proportion of elderly (defined

as �65 years in this paper) with neurologically intact survival (NIS)

(as defined by survival to discharge or 30th day post arrest with Cere-

bral Performance Category (CPC) �2) varies globally, with some

reports more promising than others. A study in the Netherlands found
that 7.3% of elderly OHCA patients achieved NIS,6 while this was

0.88% in Japan.5 As populations continue to age, the likely trajectory

will result in an increasing number of elderly OHCA patients requiring

care provided by emergency medical services (EMS) and hospital

systems. Understanding the trend and factors associated with NIS

can help guide clinical decisions regarding resuscitation in the elderly.

Similar to other developed countries,7 Singapore’s population is

ageing, with the proportion of residents aged 65 and over increasing

from 9.0% in 2011 to 14.4% in 2019.8 With 108.3 disability adjusted

life-years per 1,000 adults aged 25 and older, Singapore possesses
ns.
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one of the lowest age-related disease burden rates globally.9

Nonetheless, an ageing population is placing a strain on the coun-

try’s resources. The elderly have more comorbidities and require

more medical attention.10 The dependency ratio has also increased

from 12.6 in 2011 to 20.4 in 2019.8 Overall healthcare expenditure

had increased four-fold over 10 years, from S$2 billion (US$1.5 bil-

lion) in 2006 to S$8.5 billion (US$6.4 billion) in 2015. To keep up with

the ageing population, it was estimated that an additional S$3 billion

(US$2.3 billion) would be needed over the following five years.11.

The relatively low proportion of NIS in elderly OHCA survivors

found in countries with ageing populations,5,6 has an impact on health-

care resources, individuals and their families. Besides this, counselling

patients regarding advance care plans (ACPs) or deciding when not to

conduct cardiopulmonary resuscitation (CPR) remains challenging due

to the difficulties in determining the chances of NIS in elderly patients.

This study aims to describe the relationship between age and

OHCA survival with good neurological outcomes in the elderly by ret-

rospectively examining the characteristics of geriatric OHCA cases in

Singapore. The primary objectives of this study are firstly, to estab-

lish the trend of geriatric OHCA in Singapore over time and secondly,

determine the proportion of NIS in both non-geriatric and geriatric

OHCA patients. We also aimed to determine the factors associated

with NIS that need to be considered to make a decision of not provid-

ing CPR in geriatric OHCA patients.

Methods

Setting

The metropolitan Southeast Asian city-state of Singapore has a pop-

ulation of 5.7 million 8 and a gross domestic product (GDP) of US

$374 million.12 Life expectancy is 83.7 years13 and as of 2019,

elderly people aged 65 years and above comprise 14.4% of the res-

ident population.14 Pre-hospital EMS are provided nationwide by the

Singapore Civil Defence Force (SCDF), activated by a centralized

dispatch system,15 which routinely initiates dispatcher-assisted CPR.

Pan-Asian resuscitation outcomes study (PAROS) registry

Data from Singapore in the Pan-Asian Resuscitation Outcomes

Study (PAROS) registry was used. The PAROS network is an

Asia-Pacific collaborative research network, founded in 2009 to

address gaps in pre-hospital and OHCA management among Asian

countries. This multi-center prospective registry records over 60 vari-

ables for each OHCA event and EMS response descriptors, pre-

hospital and in-hospital interventions and outcomes. The PAROS

methodology has been described in a previous study16 and all data

collected are in accordance with Utstein Style.17 Sources of PAROS

data elements include dispatch notes, ambulance record notes, hos-

pital emergency department and inpatient notes.

Study population

All EMS-attended OHCA patients aged 18 years and above from

April 2010 to December 2019 were included in this study. We

excluded cases not transported by SCDF, patients who were pro-

nounced dead at the scene, traumatic OHCA and cardiac arrests

that occurred in the ambulance.

Definitions of key variables

Our primary outcome was neurologically intact survival (NIS),

defined as a CPC score of 1 or 2 (CPC 1/2) at hospital discharge
or 30-days post-arrest, whichever occurred first. Utstein guidelines

recommend the use of the CPC score to measure neurologic func-

tion in cardiac arrest survivors. It is a five-point scale ranging from

good cerebral performance (CPC 1) to brain death (CPC 5) and a

score of 1 or 2 is generally regarded as a “good” outcome.18

Henceforth, the abbreviations NIS and CPC 1/2 are used inter-

changeably to refer to the primary outcome. The CPC score evalu-

ates cerebral performance capabilities and neurological outcomes.

Information on neurological outcomes were extracted from inpatient

clinical documentations by attending physicians or specialists, and

scores were derived using Glasgow-Pittsburg Outcome Categories.

The best-case scenario refers to OHCA cases that were witnessed,

with a presumed cardiac cause of arrest and bystander CPR.

Ethics statement

SingHealth Centralised Institutional Review Board (CIRB ref:

2013/604/C and 2018/2937) and National Healthcare Group Domain

Specific Review Board (ref: C/10/545 and 2013/00929) granted

approval for this study with a waiver of informed consent.

Statistical analysis

All analyses were conducted using Stata version 16.1. For the pur-

poses of comparison, the cases studied were divided into four age

groups, namely 18 to 64 years, 65 to 79 years, 80 to 89 years,

and 90 years and above. We summarized the characteristics of indi-

viduals in the four age groups using median (interquartile range) and

count (percentage) as appropriate. To calculate OHCA incidence, we

obtained the total population size of each age group from the Singa-

pore Department of Statistics.8 Graph of OHCA incidence over the

years was plotted starting from year 2011 instead of 2010 as we

did not have a full year of OHCA cases available for 2010. We used

the Mantel-Haenszel test to test for any linear trend in proportion of

patients with NIS over time.

A multivariable logistic regression of NIS on restricted cubic

splines (RCS) terms of age with four knots at 5th, 35th, 65th and

95th percentiles of age was performed. Potential confounders that

were adjusted in the model were those known to be biologically plau-

sible, namely age, year, gender, location of arrest, witness status,

bystander CPR, bystander automated external defibrillator (AED)

use, presumed cardiac cause of arrest, response time and the num-

ber of medical comorbidities. The predictive power of the model was

assessed in terms of area under the curve (AUC) index and a cali-

bration plot. Internal validation with 200 bootstrap resamples were

drawn to obtain a bias-corrected regression model. The marginal

prediction plot of NIS was computed separately for the subset of

best-case scenario and another subset that comprised the remaining

OHCA cases. Two models were built a) using all cases; and b) for

the arrests that were witnessed, were cardiac in origin and received

CPR (best-case scenario).

Results

Between 1 April 2010 and 31 Dec 2019, a total of 21,592 OHCAs

were reported and registered in the PAROS database. We analyzed

19,519 OHCA cases after excluding arrests in patients who were pri-

vately transported, traumatic in etiology, occurred in ambulances or

where the patient was below 18 years of age. Fig. 1 illustrates the

patient flow diagram of the outcomes of OHCA in the various age

groups.
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Fig. 2 shows the incidence of OHCA increasing steadily from

2011 to 2019, from 44 cases per 100,000 Singapore population in

2011 to almost double at 86 per 100,000 in 2019. This increase

has occurred despite the growing population of elderly over time.

Across all 9 years, OHCA incidence was consistently higher among

the older age groups. Moreover, the increase in incidence rate was

fastest for the two oldest age groups, with incidence almost doubling

in 80–89 years age group (from 312 per 100,000 in 2011 to 652 per

100,000 in 2019) and tripling in the �90 years age group (from 458

per 100,000 in 2011 to 1271 per 100,000 in 2019).

The proportion of NIS improved over time for patients in the 18 to

64 years, 65 to 79 years, and 80 to 89 years age groups (p < 0.05,

Fig. 3). The greatest improvement was seen in the youngest group

(18–64 years), with an increase from 2.8% in 2011to 10% in 2019

(not shown in Fig. 3). However, no increase in the proportion of

NIS was observed in the oldest group (�90 years, yellow line).

From the youngest to oldest age group, it was observed that

there were increasingly fewer males, more Chinese, lower frequency

of initial shockable rhythm, more OHCAs occurring at home, fewer

bystander witnessed arrests, lesser bystander AED administered,

lesser cases with cardiac cause of arrest and a higher number of

medical comorbidities in patients. The proportions of receipt of
Fig. 1 – Patient
bystander CPR and response time (within 8 minutes) were compara-

ble across all age groups. The trend in the rates of ROSC, survival to

hospital admission, survival to hospital discharge and proportion of

NIS were decreasing significantly with increasing age (p < 0.001

for trend, for all four outcomes, Table 1).

Multivariable logistic regression analysis of NIS is presented in

Table 2. The spline function 1 of age was simply the linear term of

age. A test for null hypothesis that the coefficients for spline terms

2 and 3 are jointly zero was rejected. This confirmed that the relation-

ship between age and survival was non-linear.

The chance of NIS decreased for every year increase in age and

each minute delay in response time. The chance of NIS was also

lower for females. Contrarily, chances of NIS increased for each

passing calendar year, for arrests occurring in healthcare facilities

or public locations compared to home, for scenarios where the

arrests were witnessed, had bystander CPR or AED administration

or a presumed cardiac cause of arrest. The number of comorbidities

was not significantly associated with NIS after adjustment for con-

founders (Table 2).

Internal validation with 200 bootstrap resamples yielded a similar

model to the one depicted in Table 2. The derived model performed

well in separating good neurological survival from poor with AUC
flowchart.
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(95% CI) of 0.83 (0.82, 0.85). Correspondence between observed

and expected frequencies was excellent as seen in the calibration

plot (Appendix 1).

Fig. 4 shows the predicted probability of NIS according to age

and best-case scenario. For the OHCA cases that meet the best-

case criteria, even up to 115 years of age, NIS was still above the

arbitrary futility cut-off of 1% by extrapolating from the lower 95%

confidence bound of survival probability. By similar extrapolation

for the OHCA cases that do not fulfil the best-case criteria, NIS fell

below the cut-off after 84 years of age. Thus, we observed that even

octogenarian OHCA patients can still experience NIS when resusci-

tated under favorable circumstances.

Discussion

This study showed an overall increase in the incidence of OHCA

amongst the elderly. This increase in OHCA incidence is primarily

driven by elderly of age �80 years. With the recent healthcare

advances the comorbidities are better managed increasing the

longevity by pushing occurrence of OHCA events forward yet hap-
pening eventually. We also observed an increasing proportion of

NIS over the years in Singapore between the years 2011 to

2019. The young elderly (65 – <89 years) contributed to this

increase, while the oldest experienced minimal improvement. It

was further observed that the proportion of elderly with NIS

declined with increasing age. OHCA occurring in healthcare facili-

ties or public locations under the best-case scenario were indepen-

dently associated with NIS.

Our study showed improving outcomes over the years across

most age groups. Various initiatives have been introduced as part

of a five-year national improvement plan for prehospital emergency

care in Singapore that led to an increase in survival rates from

2011 to 2019.19 With the Dispatcher-Assisted first REsponder

(DARE) program (April 2014)20 and Save-A-Life Initiative (April

2015),21 there was increased awareness and training, and bystan-

ders were more willing to render help when OHCAs occur.22 The Fire

Bikers Scheme (April 2012),23 dispatcher-assisted CPR (July

2012),24 intraosseous adrenaline infusion devices on ambulances

(April 2014),25 large-scale deployment of AED in residential areas

(April 2015),26 and crowd-sourced community rescuer app (April

2015)26 helped improve NIS among elderly.



Fig. 3 – Time tend of percentage of neurologically favorable survival to hospital discharge, stratified by age groups.
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Our study found that advanced age is independently associated

with lower chances of NIS, which is in keeping with other stud-

ies.6,27–32 In addition, an Australian study32 found that increasing

age is associated with reduced functional outcomes at 12 months

and reduced odds of living independently. The reasons for poorer

prognosis in the elderly are likely to be multifactorial, possibly related

to the different characteristics of OHCA, biological changes during

ageing and limitations of CPR in this population.33 OHCA character-

istics may include living alone resulting in the absence of bystander

CPR, initial non-shockable rhythm or even delays in OHCA response

due to subconscious age biases. Further qualitative research should

be conducted to examine how these various elements affect OHCA

outcomes. Our results also demonstrate that female gender is neg-

atively associated with NIS. This is in line with findings from other

studies, showing that women, in general, tend to have poorer out-

comes in OHCAs.34,35 While the gender-based differences in out-

comes were not explored in our study, some proposed reasons for

the difference include the older age of female patients due to their

longer life expectancy13, lack of self and public awareness that

OHCAs are prevalent in women36 and bystander unwillingness to

perform CPR on female patients37. Further analysis can be per-

formed in future studies to determine the reasons for the gender-

based differences outcomes in OHCAs for our local context.

Nevertheless, our study also showed that in the best-case sce-

nario, the chance of NIS is >1%, even in the super elderly

(�90 years). This percentage can account for a large absolute num-

ber of people in an ageing society. Denying good-quality CPR can

lead to losing 1 out of 100 lives and hence it is not futile to resuscitate

the elderly. Other studies too have suggested that the decision to

resuscitate should not be based on age alone. A US-based study

showed that amongst the elderly survivors of in-hospital cardiac

arrest, nearly 60% were alive at 1 year post-cardiac arrest, and the

rate of 3-year survival was similar to that of patients with heart fail-
ure.38 Another study showed that among elderly who survived an

OHCA, 1-year mortality was only 32%.39 It was also found that

age has a less profound impact40 on the success of resuscitation

compared to other factors such as witnessed arrest, presence of ini-

tial shockable rhythm and early CPR (the best-case scenario).27,41 In

this study population, 17.3% (249/1439) of the super elderly experi-

enced ‘best-case scenario’ hence the frequency is non-negligible.

Furthermore, the proportion of NIS has also been increasing over

time, even amongst the elderly, which was also reported from

Japan.42 These findings reinforce that it is not always futile to resus-

citate the super elderly. They should not be deprived of CPR efforts

based on their age alone. The blanket policy of ‘do not resuscitate

super elderly’ is, therefore not, supported. Furthermore, the way

we defined the ‘best-case scenario’ facilitates the rescuers to

promptly decide about continuing the resuscitation on a case-by-

case basis if allowed.

These findings may have implications on termination of resuscita-

tion efforts (TOR) and end-of-life (EOL) discussions. Currently, age

is not a criterion in any of the EMS TOR protocols and perhaps is bet-

ter kept as such. EOL discussions are complex as ethical consider-

ations, personal and societal values and especially in an Asian

context, family’s wishes, heavily influence EOL plans and vary

across individuals. Our findings may provide supporting evidence

to clinicians as they guide patients and relatives through EOL plan-

ning. Though the chances of NIS are smaller in the more elderly

patients, it may still be meaningful for patients and families, and they

may prefer to have CPR performed in the event of an OHCA. Others

may choose not to be resuscitated to avoid the possibility of poor

neurological outcomes if they survive after receiving poor-quality

CPR.

Arrests occurring in healthcare facilities or public locations, wit-

nessed arrests, presumed cardiac cause of arrest, administration

of bystander CPR and AED increased the chances of NIS, even



Table 1 – Patient and EMS characteristics, and outcomes by age groups.

Factor All <65 years 65 to

<80 years

80 to

<90 years

90 years or

older

p-valueb

N = 19,519

(100%)

N = 7,686

(39.4%)

N = 6,463

(33.1%)

N = 3,931

(20.1%)

N = 1,439

(7.4%)

Age (years) 69 (58, 81) 55 (47, 60) 72 (68, 76) 84 (82, 87) 93 (91, 95) NA

Gender Male 12,522

(64.2)

5851 (76.1) 4189 (64.8) 1934 (49.2) 548 (38.1) < 0.001

Race Chinese 13,381

(68.6)

4322 (56.2) 4663 (72.1) 3142 (79.9) 1254(87.1) < 0.001

Malay 3034 (15.5) 1637 (21.3) 936 (14.5) 378 (9.6) 83 (5.8)

Indian 2157 (11.1) 1152 (15) 612 (9.5) 325 (8.3) 68 (4.7)

Others 947 (4.9) 575 (7.5) 252 (3.9) 86 (2.2) 34 (2.4)

First arrest rhythm Shockable 3411 (17.5) 2100 (27.3) 979 (15.1) 294 (7.5) 38 (2.6) < 0.001

Location of arrest Home

residence

14,804

(75.8)

5011 (65.2) 5154 (79.7) 3406 (86.6) 1233 (85.7) < 0.001

Nursing home 902 (4.6) 133 (1.7) 313 (4.8) 293 (7.5) 163 (11.3)

Healthcare

facility

599 (3.1) 301 (3.9) 190 (2.9) 83 (2.1) 25 (1.7)

Public place 3065 (15.7) 2130 (27.7) 768 (11.9) 149 (3.8) 18 (1.3)

Others 149 (0.8) 111 (1.4) 38 (0.6) 0 (0) 0 (0)

Arrest witnessed by EMS/Private

Ambulance

1231 (6.3) 470 (6.1) 424 (6.6) 247 (6.3) 90 (6.3) < 0.001

Not witnessed 8333 (42.7) 3065 (39.9) 2749 (42.5) 1835 (46.7) 684 (47.5)

Bystander 9955 (51) 4151 (54) 3290 (50.9) 1849 (47) 665 (46.2)

Bystander CPR 10,354 (53) 4126 (53.7) 3324 (51.4) 2114 (53.8) 790 (54.9) 0.613

Bystander AED 1054 (5.4) 566 (7.4) 296 (4.6) 142 (3.6) 50 (3.5) < 0.001

EMS response time (�8 minutes) 9065 (46.4) 3523 (45.8) 3066 (47.4) 1820 (46.3) 656 (45.6) 0.243

Presumed cardiac cause of arrest 14,014

(71.8)

5725 (74.5) 4656 (72) 2669 (67.9) 964 (67) < 0.001

Medical History – Heart Disease 7180 (36.8) 2145 (27.9) 2734 (42.3) 1718 (43.7) 583 (40.5) < 0.001

Medical History – Hypertension 10,781

(55.2)

2971 (38.7) 4160 (64.4) 2698 (68.6) 952 (66.2) < 0.001

Medical History – Hyperlipidemia 7822 (40.1) 2153 (28) 3096 (47.9) 1952 (49.7) 621 (43.2) < 0.001

Medical History – Stroke 2611 (13.4) 450 (5.9) 1028 (15.9) 823 (20.9) 310 (21.5) < 0.001

Medical History – Diabetes 6504 (33.3) 2055 (26.7) 2637 (40.8) 1429 (36.4) 383 (26.6) < 0.001

Medical History – Cancer 2042 (10.5) 627 (8.2) 791 (12.2) 493 (12.5) 131 (9.1) < 0.001

Medical History - Renal Disease 2900 (14.9) 839 (10.9) 1109 (17.2) 720 (18.3) 232 (16.1) < 0.001

Medical History - Respiratory

Disease

2362 (12.1) 676 (8.8) 868 (13.4) 602 (15.3) 216 (15) < 0.001

Medical History – HIV 38 (0.2) 28 (0.4) 9 (0.1) 1 (0) 0 (0) < 0.001

Medical History – Other 9824 (50.3) 2726 (35.5) 3414 (52.8) 2639 (67.1) 1045 (72.6) < 0.001

No. of comorbiditiesa 3 (1, 4) 1 (0, 3) 3 (2, 5) 3 (2, 5) 3 (2, 4) < 0.001

Response time (mins) 8.3 (6.5,

10.4)

8.3 (6.5,

10.5)

8.2

(6.5,10.3)

8.3 (6.6,

10.4)

8.3 (6.6,

10.4)

0.184

Outcomes

Survival to hospital admission 3517 (18) 1797 (23.4) 1202 (18.6) 430 (10.9) 88 (6.1) < 0.001

Survival to hospital discharge or

30-day post-arrest

952 (4.9) 623 (8.1) 252 (3.9) 65 (1.7) 12 (0.8) < 0.001

Any ROSC 6426 (32.9) 2741 (35.7) 2302 (35.6) 1100 (28) 283 (19.7) < 0.001

CPC ½ 632 (3.2) 458 (6) 148 (2.3) 22 (0.6) 4 (0.3) < 0.001

CPR: Cardiopulmonary resuscitation; AED: Automated external defibrillator; EMS: Emergency medical services; ROSC: Return of spontaneous circulation; CPC:

Cerebral performance category.
a Comorbodities include heart disease, hypertension, hyperlipidemia, stroke, diabetes, renal disease, and others. Results reported in the table are count (%)

for categorical data and median (Q1, Q3) for continuous data.
b p-values are from comparison test of the 4 age groups using Chi-square test or Mann-Whitney test as appropriate.
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amongst the elderly. This is in keeping with previous studies.43–46

These findings are reflected in the best-case scenario of Fig. 3. This

reinforces the importance of resuscitation and that all patients should

receive the elements of CPR in a timely manner, regardless of age,

to increase their chances of NIS. At the same time, there is a need to
explore reasons for poor outcomes in OHCA happening at home,

with the aim of improving it as most OHCAs in elderly occur at home.

It is important to improve the quality of CPR for all, despite their

age as survival with a poor CPC can drain society’s resources. The

incapacitated OHCA survivor may be in a comatose state for pro-



Table 2 – Multivariate logistic regression analysis of neurologically intact survival (CPC �2).

Factor OR (95% CI)e p-value

Spline function 1 of Agea 0.984 (0.971, 0.997) 0.013

Spline function 2 of Agea 0.957 (0.92, 0.997) 0.035

Spline function 3 of Agea 0.997 (0.763, 1.302) 0.981

Year (calendar) 1.15 (1.111, 1.191) < 0.001

Female 0.669 (0.533, 0.84) 0.001

Location of arrest

Home residence Reference

Nursing home 0.687 (0.367, 1.286) 0.241

Healthcare facility 3.247 (2.378, 4.433) < 0.001

Public place 2.471 (2.015, 3.029) < 0.001

Others 1.45 (0.705, 2.983) 0.313

Witnessed arrestb 3.069 (2.474, 3.805) < 0.001

Bystander AEDc 2.568 (2.024, 3.258) < 0.001

Bystander CPRd 1.304 (1.077, 1.58) 0.007

Cardiac cause of arrest 1.452 (1.163, 1.814) 0.001

Response time (mins) 0.908 (0.882, 0.934) < 0.001

No. of comorbidities 1.046 (0.998, 1.096) 0.063
a From the restricted cubic splines (RCS) involving knots. The 4 RCS knots were at age = 39, 62, 76, 91 years.
b Witnessed arrest comprised of bystander witnessed cases.
c AED: Automated external defibrillator.
d CPR: Cardiopulmonary resuscitation
e CI: Confidence interval.

Fig. 4 – Plot of neurologically intact survival with 95% CI according to age, stratified by subgroup of best-case

scenario.
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longed periods, drawing resources within the healthcare system.

They may also have a poor quality of life (QoL) and become a burden

to the family. Hence, the need to reinforce good-quality CPR delivery

despite the age.
Limitations

The patients’ premorbid medical conditions were broadly classified

rather than stated as specific medical conditions. Furthermore, the

severity of these conditions was not available. There are other
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comorbidities that can influence NIS, such as mental health, premor-

bid frailty, and activities of daily living (ADLs), however, these were

not available in the registry for adjustment in the data analysis stage.

Another drawback is the lack of information about health related

(HRQoL), which limits the interpretation of the patients’ holistic

QoL post-cardiac arrest. The applicability of the results is limited to

the setting very similar to Singapore, however an analysis based

on wider dataset is underway.

Furthermore, the data does not indicate the quality of bystander

CPR, which would have been useful to fully assess the impact of

bystander CPR. However, we have adjusted our results for the cal-

endar year, which indirectly accounts for the influence of improving

CPR quality over the years due to community CPR trainings and

the introduction of dispatcher-assisted CPR (in 2012). We used an

arbitrary futility cut-off of 1%. Changing this cut-off will have an

impact on the conclusions. This value is a matter of deliberations

and further research. Lastly, there is a lack of long-term survival

data, such as data from three months, one year and three years sur-

vival post-hospital discharge.
Conclusion and implications

Though age appears to be associated with survival in OHCAs, sur-

vival with good outcomes has been increasing even amongst the

elderly over the years. In favorable circumstances, NIS is possible

among super elderly. Hence, the importance of prompt initiation of

bystander CPR, regardless of age. At the same time, this study sup-

ports the importance of EOL planning as some may argue the

chances of good NIS survival is too small. This is a complex decision

involving multiple factors, which will need to be explored qualitatively

through conversations with the elderly, their families and home and

hospital care providers.
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