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ABSTRACT

Introduction: Hospital-based resuscitation interventions, such as therapeutic temperature management
(TTM), emergency percutaneous coronary intervention (PCI) and extracorporeal membrane oxygenation
(ECMO) can improve outcomes in out-of-hospital cardiac arrest (OHCA). We investigated post-
resuscitation interventions and hospital characteristics on OHCA outcomes across public hospitals in
Singapore over a 9-year period.

Methods: This was a prospective cohort study of all OHCA cases that presented to 6 hospitals in
Singapore from 2010 to 2018. Data were extracted from the Pan-Asian Resuscitation Outcomes Study
Clinical Research Network (PAROS CRN) registry. We excluded patients younger than 18 years or were
dead on arrival at the emergency department. The outcomes were 30-day survival post-arrest, survival to
admission, and neurological outcome.

Results: The study analysed 17,735 cases. There was an increasing rate of provision of TTM, emergency
PCI and ECMO (P<0.001) in hospitals, and a positive trend of survival outcomes (P<0.001). Relative to
hospital F, hospitals B and C had lower provision rates of TTM (<5.2%). ECMO rate was consistently
<1% in all hospitals except hospital F. Hospitals A, B, C, E had <6.5% rates of provision of emergency
PCI. Relative to hospital F, OHCA cases from hospitals A, B and C had lower odds of 30-day survival
(adjusted odds ratio [aOR]<1; P<0.05 for hospitals A—C) and lower odds of good neurological outcomes
(aOR<1; P<0.05 for hospitals A—C). OHCA cases from academic hospitals had higher odds ratio (OR)
of 30-day survival (OR 1.3, 95% CI 1.1-1.5) than cases from hospitals without an academic status.

Conclusion: Post-resuscitation interventions for OHCA increased across all hospitals in Singapore
from 2010 to 2018, correlating with survival rates. The academic status of hospitals was associated with
improved survival.
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CLINICAL IMPACT

What is New

* This is the first study to the best of our
knowledge to describe trends in post-resuscitation
interventions and out-of-hospital cardiac arrest
(OHCA) outcomes across public hospitals in
Singapore over a 9-year period.

* Post-resuscitation interventions for OHCA
increased across public hospitals, correlating with
survival rates.

* OHCA cases from academic hospitals reported
higher 30-day survival (odds ratio 1.3, 95%
confidence interval 1.1-1.5).

Clinical Implications

* Findings of the present study may guide policies
for OHCA management in future.

INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) have
notoriously been a medical issue with high morbidity
and mortality.! Tt is a multifaceted problem with a
multitude of aetiologies,” and as such various factors
influence the outcome of OHCA patients.

The management of OHCA can generally be outlined
by the “Chain of Survival”, a framework that includes
pre-hospital and hospital-based management for
increasing survival from sudden cardiac arrest.’ Each
step in the chain is crucial in optimising survival.* Non-
modifiable pre-hospital factors that affect outcomes
include age and sex.’ Modifiable pre-hospital factors that
are well-established to affect survival outcomes include
cause of arrest, ambulance response timings, presence
of bystander cardiopulmonary resuscitation (CPR) and
pre-hospital defibrillation.® In Singapore, there have
been efforts to improve countrywide pre-hospital
management in recent years.” The rates of pre-hospital
CPR and return of spontaneous circulation have
improved greatly.!

The fifth link—post-resuscitation care—in the Chain
of Survival is largely based in hospitals and includes
advanced treatments such as therapeutic temperature
management (TTM),!! extracorporeal membrane
oxygenation (ECMO)!>!3 and percutaneous coronary
intervention (PCI).!*!16 There are advocates for TTM
and ECMO to be commenced as early as possible in
OHCA management, even in emergency department
(ED) settings where appropriate.!”!8 Recently, there has

been an international interest in hospital management of
OHCA patients in cardiac arrest centres, similar to the
concept of management of stroke patients in acute stroke
units.' Studies from Denmark,” the US,?!' Britain??> and
Australia® suggest significantly better survival to
hospital discharge with a cardiac arrest centre model.
Such centres are defined as institutions that have the
following facilities available round-the-clock®: (1)
intensive care, including mechanical ventilation and
TTM; (2) acute cardiac care including PCI; (3) radiology
service with computed tomography availability;
and (4) delayed, multimodality and standardised
neuroprognostication.

Hospital characteristics such as number of beds, years
in operation, and teaching status are also known to
affect survival outcomes.? In the context of Singapore,
Tan et al.?® showed stark differences in survival outcomes
among government hospitals and suggested that
academic status and hospital bed number correlated with
better survival to discharge. An academic hospital is
defined by the presence of a medical school directly
affiliated to it. Apart from the aforementioned study in
2019, there is a paucity of local studies that focus on
the quality of hospital-based interventions in OHCA.
The current study aimed to glean insights into hospital-
based factors associated with better OHCA survival
outcomes in Singapore. We aimed to investigate trends
in post-resuscitation interventions and OHCA outcomes
across public hospitals in Singapore over a 9-year
period. We hypothesised that inter-hospital differences
in intervention rates (of TTM, ECMO and PCI) and
hospital characteristics correlate with differences in
survival outcomes.

METHODS

This was a prospective, nationwide, multicentre
cohort study of consecutive OHCA cases presenting to
Singapore government restructured hospitals from
2010 to 2018. Data were extracted from the Singapore
cohort of the Pan-Asian Resuscitation Outcomes Study
Clinical Research Network (PAROS CRN) registry, an
international registry of OHCA in the Asia-Pacific
region.”” The registry included all OHCA cases that were
either conveyed by emergency medical services (EMS)
or had presented to EDs. The registry excluded patients
who were immediately pronounced dead, for whom
resuscitation was not attempted; or were associated
with decapitation, rigor mortis, dependent lividity or
existing “do not attempt resuscitation” orders. We further
excluded patients who were younger than 18 years, found
to be dead on arrival, and non-EMS cases.
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We reviewed pre-hospital characteristics such as
age, sex, presence of bystander CPR, pre-hospital
defibrillation, cause of arrest, and ambulance response
timings to look for trends over the years and between
hospitals.

Data were collected from ambulance case reports and
discharge summaries from wards, EDs and intensive care
units (ICUs). The primary outcome was 30-day survival,
defined as either discharged alive or remained alive in
hospital on the 30th day post-arrest, whichever occured
first. Secondary outcomes included survival to hospital
admission and survival with favourable neurological
outcome, defined as Glasgow-Pittsburgh Cerebral
Performance Categories (CPC) score <2 at either
hospital discharge, or on the 30th day post-arrest if
patient remained in hospital for longer than 30 days.
Patients who were transferred to the nearest hospital for
any intervention would be tallied under the hospital that
they were first conveyed to.

Study setting

Singapore is a Southeast Asian country with a population
of 5,905,527. As of the year 2021, its population density
is 8,358 people per km? with a median age of 42.4
years.” Pre-hospital EMS is provided by the Singapore
Civil Defence Force (SCDF), a uniformed government
agency that operates a publicly funded fire-fighting,
rescue and emergency medical service. As of 2018, it has
65 ambulances at its disposal.”” Paramedics are trained
in basic life support, 12-lead electrocardiography,
automated external defibrillator usage, and adrenaline
administration. SCDF operates through a centralised
phone dispatch, with a tiered system after a phone
triage. In scenarios of OHCA, SCDF conveys patients
to a public hospital that is nearest to the incident location.
In 2018, SCDF responded to 82% of life-threatening
cases within 8 minutes.*

In 2010, there were 6 adult acute restructured hospitals
in Singapore (labelled Hospitals A-F in the current
study), equipped with 6,686 beds with an occupancy
rate of 343,332 (78.5%).*' There were 7 private hospitals
in Singapore; however, they did not receive OHCA
cases from EMS or handle post-OHCA patients. There
was also a paediatric restructured hospital that did not
manage adult OHCA patients. By 2018, an additional
government restructured hospital was in operation, but
it was excluded from the current study as it had limited
temporal data. All hospitals had the capacity to offer
TTM, whereas only 5 of the 6 hospitals (B-F) provided
24-hour emergency PCI services. Hospital F was the

only hospital with ECMO capability on-site, but all
the other hospitals were able to transfer patients there
for ECMO. All hospitals involved had readily available
intensive care, computed tomography services with
radiological interpretation, and multidisciplinary
management for neuroprognostication. The current
study was approved by the SingHealth Centralised
Institutional Review Board (CIRB 2013/604/C and
2018/2937) and Domain Specific Review Board
(C/10/545 and 2013/00929).

Statistical analysis

Characteristics of OHCA cases over consecutive calendar
years were presented as mean (standard deviation) for
continuous data and as count (%) for categorical data. For
each hospital and for all hospitals combined, the yearly
trends of hospital interventions and survival outcomes
were explored graphically and tested for a linear trend
by Mantel-Haenszel test. Similarly, OHCA characteristics
of cases were summarised for each hospital and tabulated
for comparison purpose.

Logistic regression was used to investigate the effect
of hospital, time (in years), and interaction of time and
hospital on the survival outcomes, with adjustment
for pre-hospital factors. If the interaction time was not
significant, it was removed from the regression model.
The logistic regression was then repeated with adjustment
for pre-hospital factors known to influence survival,
namely, age, sex, witnessed arrest, bystander CPR,
first arrest rhythm, pre-hospital defibrillation and cause
of arrest. Response time was not adjusted for as SCDF
conveys patients to the nearest hospitals independent
of pre-hospital diagnosis. For the odds ratio (OR) of
survival outcome from logistic regression, hospitals
were compared against Hospital F, the oldest and largest
restructured hospital in Singapore.

We attempted to explain inter-hospital differences in
30-day survival by examining hospital characteristics
reported to be influential in the literature.”® Hospital
characteristics investigated were 24-hour access to PCI,
academic status of hospitals, OHCA patient volume
>4,000 cases a year, and years in operation (>20). The
effect of each hospital characteristic on 30-day survival
was analysed with univariate logistic regression.

Lastly, in the subgroup of OHCA who survived to
hospital admission, the effect of each hospital intervention
on 30-day survival was analysed by univariate logistic
regression. All analyses were performed with SPSS
Statistics software version 26.0 (IBM Corp, Armonk, US),
where P<0.05 was considered as statistically significant.
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RESULTS

Description of patient characteristics

A total of 18,359 cases were extracted from the PAROS
CRN registry. Of these, 17,735 cases qualified for
analysis (Fig. 1). From year 2010 to 2018, there was
an increase of 4.6 years in the mean age of patients with
OHCA, while the proportion who were of male sex
remained stable (Table 1). Bystander CPR increased
throughout the years from 225 (21.6%) to 1,683 (61.6%)
cases. The proportion of witnessed arrest remained
stable, as did defibrillation prior to ED and the cause
of arrest. There was no significant difference in major
pre-hospital patient characteristics (age, sex, first
arrest rhythm, cause of arrest and bystander CPR)
between hospitals (Supplementary Table S1 in online
Supplementary Material).

Graphical exploratory analysis of hospital-based
interventions over the years by hospitals

There was a growing provision of hospital-based
interventions (Fig. 2A). Hospitals B and C showed lower
provision rates of TTM (number of patients with TTM
employed out of the total number of OHCA cases per
hospital) across all years (<5.2%) compared to other
hospitals. All hospitals except F had an ECMO rate of

<1% over the study period 2010-2018. Hospitals A,
B, C and E had <6.5% yearly rates of emergency PCI;
however, hospital E had a steady increase in emergency
PCI provision rate from 2% to an estimated 6.1% over
the years studied.

Graphical exploratory analysis of survival outcomes
over the years by hospitals

There was a significant positive trend (P<0.001) for all
3 outcomes over the years (Fig. 2B). Hospitals A, B and
C had rates below 25% over the years for survival to
admission (Fig. 2B, P value not significant for linear
trend). Hospital E had low rates of yearly survival to
admission (below 25%) but rates improved linearly over
the years (P<0.001).

Although hospitals B, C, D and E had a linear
positive trend in 30-day survival (B: P=0.015; C: P=0.045;
D: P<0.001; E: P<0.001; Fig. 2B), hospitals A, B and
C had lower rates of 30-day survival (all below 7.1%
for any year) compared to the other hospitals.

Hospitals A, B and C had lower rates of good
neurological outcome (below 4.2% for any year). A
linear positive trend in good CPC was reflected in
hospitals B, D and E (B: P=0.015; D: P<0.001;
E: P<0.001).

N=18,359

Total OHCA cases from 2010-2018

Excluded:

Age <18 years; n=338

Dead on arrival; n=38
Conveyed to private hospital; n=1
Conveyed to paediatric hospital; n=1

Total OHCA included for analysis Conveyed to other hospital not included in this
_ study; n=153
N=17,735 Non-ambulance cases; n=93
A,
A4 A. A 4 A VL

Hospital A Hospital B Hospital C Hospital D Hospital E Hospital F
Total: N=2051 Total: N=3920 Total: N=3103 || Total: N=2618 Total: N=4463 || Total: N=1580
2010: n=32 2010: n=265 2010: n=103 2010: n=294 2010: n=255 2010: n=95

2011: n=47 2011: n=287 2011: n=283 2011: n=311 2011: n=287 2011: n=132
2012: n=56 2012: n=329 2012: n=262 2012: n=280 2012: n=336 2012: n=131

2013: n=63 2013: n=364 2013: n=319 2013: n=370 2013: n=435 2013: n=151

2014: n=70 2014: n=408 2014: n=396 2014: n=456 2014: n=465 2014: n=186
2015: n=225 2015: n=518 2015: n=389 2015: n=389 2015: n=595 2015: n=192
2016: n=474 2016: n=549 2016: n=416 2016: n=148 2016: n=622 2016: n=223
2017: n=510 2017: n=603 2017: n=476 2017: n=161 2017: n=785 2017: n=260
2018: n=574 2018: n=597 2018: n=459 2018: n=209 2018: n=683 2018: n=210

|

l

l

l

l

Y

Overall no. (%) Overall no. (%) Overall no. (%) || Overall no. (%) | [ Overall no. (%) || Overall no. (%)
(2010-2018) (2010-2018) (2010-2018) (2010-2018) (2010-2018) (2010-2018)
TTM: 123 (6.0) TTM: 99 (2.5) TTM: 48 (1.5) TTM: 160 (6.1) [ | TTM: 160 (3.6) || TTM: 182 (11.5)
ECMO: 1 (0.0) ECMO: 1 (0) ECMO: 3 (0.1) ECMO: 5 (0.2) [ | ECMO: 11 (0.2) || ECMO: 20 (1.3)
PCI: 77 (3.8) PCI: 124 (3.2) PCI: 100 (3.2) PCI: 147 (5.6) PCI: 198 (4.4) PCI: 90 (5.7)

Fig. 1. Patient flowchart by hospital and outcomes

ECMO: extracorporeal membrane oxygenation; PCI: percutaneous coronary intervention; OHCA: out-of-hospital cardiac arrest; TTM:

therapeutic temperature management
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Logistic regression assessing effect of each hospital and
time on survival outcomes

For any given hospital, the odds of any survival
outcome increased over the years as seen in Model 2
(Table 2; P<0.05 for all outcomes). For each additional
year, adjusted odds ratio (aOR) was 1.04 for survival
to admission, 1.12 for 30-day survival, and 1.16 for
CPC 1 or?2.

However, at any given year, hospitals A, B and
C when compared to F had lower odds of survival to
discharge (Model 2). Compared to hospital F, the 3
hospitals decreased in odds of approximately 25-35%
(aOR 0.67-0.76; P<0.05 for A, B and C), and had lower
30-day survival with decreased odds of approximately
30-40% (aOR 0.61-0.68; P<0.05 for A, B and C).
These hospitals had lower odds of good neurological
outcome with decreased odds of 30-35% (aOR
0.65-0.71; P<0.05 for A, B and C).

Logistic regression assessing effect of hospital
characteristics on 30-day survival

Hospitals D, E and F with academic status had 30%
higher odds of 30-day survival (Table 3) as compared to
hospitals A, B and C without academic status. The OR
was 1.3 (95% confidence interval [CI] 1.1-1.5).

At the hospital level, 24-hour access to PCI did not
confer a higher OR for 30-day survival (0.97, 95%
CI 0.78-1.20). Academic status of hospitals was also
found to be the only significant hospital characteristic that
affected 30-day survival.

Logistic regression assessing effect of hospital
interventions on 30-day survival in cohort of patients
who survived to hospital admission

Among patients who survived to admission, those
who underwent TTM and PCI show improved 30-day
survival where ORs were 1.96 (95% CI 1.64-2.34) and
3.95 (95% CI1 3.31-4.71), respectively (Table 4).

DISCUSSION

The present study of OHCA over a 9-year period
reinforces current observational evidence in the literature
that there is a difference in the provision of interventions
and OHCA outcomes between hospitals.”? Our primary
outcome, 30-day survival, had a similar maximum rate
of 14.2% when compared with Meller et al.** (13.8%).
However, there was a vastly different minimum survival
rate in our study (0%) as compared to their study
(8.5%) which could be attributed to their selection of
patients with only cardiac causes of OHCA.
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Table 1. Characteristics of out-of-hospital cardiac arrest cases in Singapore over a 9-year period from 2010 to 2018

2011 2012 2013 2014 2015 2016 2017 2018

2010

Characteristics

2732

n=

2795

n=

n=2432

2308

n=

1984

n=

1702

n=

1394

n=

1347

n=

1044

n=

64.7 (16.0) 65.6 (16.7) 67.0(164)  67.0 (16.6) 66.7 (16.4) 67.5 (16.9) 68.9 (16.6) 69.0 (17.1)

64.4 (16.2)

Age, mean (SD), years

935 (67.9) 916 (68.1) 1106 (65.1)  1279(64.6)  1505(65.3) 1549 (63.8) 1743 (62.5) 1857 (64.4)

677 (64.8)

Male sex, no. (%)

Witnessed cardiac arrest

93 (51.6) 18 (45.0) 797 (46.9) 977 (49.4) 1130 (49.0) 1129 (46.5) 1388 (49.7) 1080 (39.5)
154 (7.8) 214 (9.3) 246 (10.1) 385 (10.4)

382 (36.6)
78 (7.5)

Bystander, no. (%)

254 (9.1)

119 (8.5) 137 (8.1)

112 (8.3)

EMS/private ambulance, no. (%)

1683 (61.6)
646 (23.6)

460 (33.0) 727 (42.8) 1002 (50.6) 1247 (54.1) 1379 (56.8) 1679 (60.2)
420 (24.7) 642 (27.9) 632 (26.0) 649 (23.3)

291 (21.6)

225 (21.6)

Bystander CPR, no. (%)

364 (26.1) 558 (28.2)

322 (23.9)

239 (22.9)

Pre-hospital defibrillation, no. (%)

Cause of arrest

994 (71.3) 1159 (68.1) 1367 (69.0)  1537(66.6) 1653 (68.0) 1807 (64.7) 1887 (69.1)
99 (4.3) 104 (3.8)
96 (4.2) 91 (3.3)

1053 (78.2)

769 (73.7)

Presumed cardiac, no. (%)

116 (8.3) 89 (5.2) 81 (4.1) 96 (3.9) 87 (3.1)
32(2.3) 53 (3.1) 56 (2.8)

74 (5.5)

97 (9.3)

Respiratory, no. (%)

96 (3.4)

96 (3.9)

45 (3.3)

28 (2.7)

Trauma, no. (%)

249 (18.5) 280 (20.0) 299 (17.5) 345 (17.4) 377 (16.3) 428 (17.6) 419 (15.0) 436 (15.9)

200 (22.2)

Initial shockable rhythm, no. (%)

345

CPR: cardiopulmonary resuscitation; EMS: emergency medical services; SD: standard deviation
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Fig. 2. (A) Inter-hospital temporal trends of hospital-based interventions. (B) Inter-hospital temporal trends in survival outcomes
CPC: cerebral performance category; ECMO: extracorporeal membrane oxygenation; PCI: percutaneous coronary intervention; TTM: therapeutic temperature

management

The data showed an encouraging trend towards
improving provision of hospital-based interventions
across all hospitals in Singapore. This correlated with
the improvement in survival for patients with OHCA.
Patients who received TTM or PCI were associated
with better outcomes. Although our data showed no
significant improved survival in patients who underwent
ECMO, the number of cases that received ECMO was
minimal (n=45, across 9 years).

In terms of hospital characteristics, only academic
status of hospitals showed a significant correlation with
better 30-day survival, whereas 24-hour access to PCI,
years in operation, number of beds, and OHCA patient
volume were not significant factors. It should be noted
that patients who had been transferred to the nearest

hospital for any intervention would be tallied under the
hospital they were first conveyed to.

Academic hospitals overseas have been reported to
have a lower mortality rate from its medical and surgical
interventions.** Academic hospitals were more likely to
utilise contemporary technologies.**> Hospitals without
an academic status might have been less likely to offer
the same level of guideline-directed care.’® ED care in
academic hospitals was associated with more effective
CPR and earlier PCI commencement, which could have
contributed to improved survival.’” However, our study
did not examine the quality of resuscitative efforts in ED
to discern if quality had any effect on survival outcomes.

As opposed to the landmark Singapore study in 2019,%
our data did not find that bed capacity was a significant
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Table 2. Unadjusted and adjusted survival outcomes for out-of-hospital
cardiac arrest by hospital %
Survival Model 1 Model 2 2 =
to admission Adjusted OR*? Adjusted OR” < L:
(95% CI) (95% CI) EREN
T &
® -
Year 1.03 (1.01-1.05) 1.04 (1.03-1.06) 5
Hospital A 0.68 (0.58-0.81) 0.67 (0.56-0.81)
Hospital B 0.73 (0.63-0.85) 0.76 (0.65-0.89) =
<
>
Hospital C 0.73 (0.63-0.85) 0.72 (0.61-0.85) é &
— n
Hospital D 0.94 (0.80-1.10) 0.90 (0.76-1.06) %‘_ % 5 ¢
1737 7
Hospital E 0.86 (0.75-0.99) 0.92 (0.78-1.07) 2% | =
= o
Hospital F Reference £ E <
£5 |2,
30-day survival o 2
5 8
Year 1.09 (1.06-1.13) 1.12 (1.08-1.16) 2
Hospital A 0.66 (0.49-0.88) 0.67 (0.49-0.93)
Hospital B 0.59 (0.45-0.76) 0.68 (0.51-0.91) .; .
X
Hospital C 0.62 (0.47-0.81) 0.61 (0.45-0.82) ] i b
=8 S =
Hospital D 0.85 (0.65-1.11) 0.82 (0.61-1.11) =g g
2 'S
Hospital E 0.79 (0.62-1.01) 0.90 (0.68-1.117) = ‘:‘;:
= o=
Hospital F Reference = -§ 5
. 53
CPC scores 1 or 2 8 Du
: 5 3
Year 1.13 (1.09-1.18) 1.16 (1.11-1.22) 8 z
o
-
Hospital A 0.65 (0.46-0.93) 0.68 (0.45-1.01) 8
<
Hospital B 0.58 (0.42-0.80) 0.71 (0.50-1.02) s
] —
= <
Hospital C 0.61 (0.44-0.86) 0.65 (0.45-0.94) ERl
= =]
Hospital D 0.90 (0.64-1.26) 0.88 (0.61-1.28) 8| =
o
=
Hospital E 0.84 (0.63-1.14) 1.01 (0.72-1.41) E
=
Hospital F Reference S
: : 253
CI: confidence interval; CPC: cerebral performance category; < SE
OR: odds ratio 2 Z° ?
2 Adjusted for year, hospital g =
® Adjusted for year, hospital, age, sex, cause of arrest (cardiac/respiratory/ 3
traumatic/others), witnessed arrest, bystander cardiopulmonary ‘é’
resuscitation, first arrest rhythm (shockable/unshockable) and g
pre-hospital defibrillation g
£
o
. . . . =
factor associated with better survival to discharge. S
However, the data showed that OHCA patient volumes %
correlated inversely with survival outcomes, in contrast to §
other studies.*® This could imply that hospital volume and ERIE-
capacity have a complex relationship that includes an R
. - . . 5] 8
optimal level of function, beyond which quality may be 5| g
. S| s
compromised. 2|3
. . . | =
A 24-hour PCI access is considered an important S| &
criterion for cardiac arrest centres.** However, our study i
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0.97 (0.78-1.20)

2051 99 (4.8)

15684 735 (4.7)

B,C,D,E,F

24h PCI capability

1.12 (0.96-1.31)

5154 224 (4.3)

610 (4.8)

12581

B,D,E,F

Years in operation (>20 years)

1.30 (1.13-1.50)

9074 374 (4.1)

8661 460 (5.3)

D,E,F

Academic status

1.12 (0.96-1.31)

5154 224 (4.3)

610 (4.8)

12581

B,D,E,F

Bed number (>1,000 beds)

0.94 (0.82-1.08)

7031 355 (4.9)

10434 479 (4.6)

A,B,E

OHCA patient volume (>40 patients/month)

CI: confidence interval; OHCA: out-of-hospital cardiac arrest; OR: odds ratio; PCI: percutaneous coronary intervention

*OHCA cases sent to hospitals with the hospital characteristic indicated in that row

¢(Qdds ratio is reported for odds of 30-day survival for group with hospital characteristics versus the reference group without respective hospital characteristics

®OQHCA cases sent to hospitals without the hospital characteristic indicated in that row
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Table 4. Association between interventions and 30-day survival for out-of-hospital cardiac arrest in the cohort of patients who survived to hospital admission

Without
intervention

Hospital intervention type With
intervention

Unadjusted OR®
(95% CI)

30-day survival, no. (%)

No. of cases® No. of cases®

In group with In group without

intervention intervention
TT™M 718 2503 263 (36.6) 571 (22.8) 1.96 (1.64-2.34)
ECMO 25 3196 5(20) 829 (25.9) 0.71 (0.27-1.91)
PCI 732 2489 355 (48.5) 479 (19.2) 3.95(3.31-4.71)

CI: confidence interval; ECMO: extracorporeal membrane oxygenation; PCI: percutaneous coronary intervention; OR: odds ratio; TTM: therapeutic

temperature management
20ut of the number of patients that survived to admission
®Not corrected for pre-hospital factors

suggested that 24-hour PCI alone did not confer improved
survival. This may be because 1 hospital in our study did
not have 24-hour PCI service, making it difficult to
ascertain significance. Although a sizable proportion
of the study population had a labelled “presumed cardiac
cause” of arrest (66.6-78.2% from year 2010 to 2018
[Table 1]), the data did not specify if the causes were
structural, arrhythmic, or ischaemic. Therefore, we were
unable to determine which cases in the study qualified
for PCI. It has been shown that for patients who were
successfully resuscitated post-cardiac arrest without an
ST-segment elevation myocardial infarction, emergency
angiography did not have better outcomes than delayed
angiography.** Furthermore, post-resuscitation care is
a complex, multidisciplinary effort not dependent on a
single therapy. Due to the limitations of our data, we were
unable to quantify other aspects of post-resuscitation
care, such as quality of intensive care, compliance
with post-resuscitation bundles, availability of
neuroprognostication, rehabilitation, and other essential
elements of care.

Given the strong correlation of survival with academic
status of hospitals, the study suggests that patients
with OHCA might benefit from EMS conveyance to
academic hospitals with a focus on providing excellent,
multidisciplinary, post-resuscitation care. However, a
change in pre-hospital transport policies faces logistical
challenges such as increased travel and turnaround time
for ambulances; overcrowding of receiving hospitals; and
resultant increased demand of ICU capacity.

The data reflected OHCA outcomes of Singapore
hospitals over a period. While it may not be clear as to
which factors directly influenced these trends, the data
offer an opportunity for Singapore hospitals to review
their practices and operations. There is much work to be

done before OHCA management can be perfected within
our hospitals. Further inquiry into cases of suboptimal
OHCA management should be conducted in the pursuit
of quality improvement, where information should also
be interpreted with data on quality of ED resuscitation
and door-to-intervention time.

Limitations

The current study has several limitations. Despite
correcting for confounding pre-hospital factors, certain
factors were not accounted for. Data on CPR quality
in the pre-hospital and ED setting were not available
in this study. Other factors such as renal function
and comorbidities were also not available. Given the
geographically determined catchment area for each
hospital, there could be differences in socioeconomic
factors (such as income, ethnicity, age, etc.) in each
region. This could have introduced bias into the
demographics of patients presenting to each hospital.

We were limited by a lack of data on many other
individual patient characteristics (e.g. comorbidities,
baseline functioning, prognosis and prior preferences).
Without in-depth comprehension of the patient
population at hand, we were unable to interpret the
data optimally in an appropriate context. Clinically, the
holistic view of each patient may be very different, and
individual physician decision-making affects a patient’s
eligibility for each intervention. In practice, patients
deemed too ill to benefit from an intervention may not be
selected.*” Hence, the observed superior survival rate of
patients who received interventions may have been inflated.

Hospital-based factors such as treatment policy
changes over time. Infrastructure limitations and
workforce changes could have influenced intervention
trends within each hospital.
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CONCLUSION

Post-resuscitation interventions for OHCA increased
across all hospitals in Singapore over a 9-year period,
correlating with survival rates. Only academic status of
hospitals was associated with improved survival. The
findings of this study may have policy implications for
the management of OHCA in future. Future research
involving simulation modelling may study how different
pre-hospital transport policies impact OHCA outcomes.

Disclosure

Prof Marcus Ong reports funding from ZOLL Medical Corporation for
a study related to mechanical cardiopulmonary resuscitation devices;
grants from the Laerdal Foundation, Laerdal Medical, and Ramsey
Social Justice Foundation for funding of the Pan-Asian Resuscitation
Outcomes Study; an advisory relationship with Global Healthcare SG, a
commercial entity that manufactures cooling devices; and funding from
Laerdal Medical on an observation programme to their Community CPR
Training Centre Research Program in Norway. Prof Ong has a licensing
agreement and patent filed (Application no: 13/047,348) with ZOLL
Medical Corporation for a study titled “Method of predicting acute
cardiopulmonary events and survivability of a patient”.

Funding

This study was funded by the National Medical Research Council,
Clinician Scientist Awards, Singapore (NMRC/CSA/024/2010, NMRC/
CSA4/0049/2013 and NMRC/CSA-SI/0014/2017) and Ministry of Health,
Health Services Research Grant, Singapore (HSRG/0021/2012).

Group information

The Singapore PAROS investigators are listed in Appendix of the
Supplementary Material in the online version of this article.

Acknowledgements

The authors thank Ms Pek Pin Pin and the late Ms Susan Yap of
Department of Emergency Medicine, Singapore General Hospital;
Ms Nurul Asyikin, Ms Liew Le Xuan, Ms Noor Azuin and Ms Joann Poh
of Unit for Pre-hospital Emergency Care, Singapore General Hospital;
Ms Woo Kai Lee of Department of Cardiology, National University
Heart Centre Singapore; and Ms Charlene Ong formerly of Accident &
Emergency, Changi General Hospital for their contributions and support t
o the Singapore OHCA registry.

REFERENCES

1. Berdowski J, Berg RA, Tijssen JG, et al. Global incidences of
out-of-hospital cardiac arrest and survival rates: Systematic review
of 67 prospective studies. Resuscitation 2010;81:1479-87.

2. Sharabi AF, Singh A. Cardiopulmonary arrest in adults. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2022.
Available at: https://www.ncbi.nlm.nih.gov/books/NBK563231/.
Accessed on 18 April 2022.

3. Cummins RO. Emergency medical services and sudden cardiac
arrest: the “chain of survival” concept. Annu Rev Public Health
1993;14:313-33.

4. Rao P, Kern KB. Improving community survival rates from out-of-
hospital cardiac arrest. Curr Cardiol Rev 2018;14:79-84.

10.

1.

12.

13.

14.

15.

16.

17.

19.

20.

21.

Yamaguchi Y, Woodin JA, Gibo K, et al. Improvements in out-of-
hospital cardiac arrest survival from 1998 to 2013. Prehosp Emerg
Care 2017;21:616-27.

Chia MYC, Lu QS, Rahman NH, et al. Characteristics and outcomes
of young adults who suffered an out-of-hospital cardiac arrest
(OHCA). Resuscitation 2017;111:34-40.

Sasson C, Rogers MAM, Dahl J, et al. Predictors of survival from
out-of-hospital cardiac arrest: a systematic review and meta-analysis.
Circ Cardiovasc Qual Outcomes 2010;3:63-81.

Navab E, Esmaeili M, Poorkhorshidi N, et al. Predictors of out of
hospital cardiac arrest outcomes in pre-hospital settings; aretrospective
cross-sectional study. Arch Acad Emerg Med 2019;7:36.

Ho AFW, De Souza NNA, Blewer AL, et al. Implementation of a
national 5-year plan for pre-hospital emergency care in Singapore and
impact on out-of-hospital cardiac arrest outcomes from 2011 to 2016.
J Am Heart Assoc 2020;9:¢015368.

Singapore Heart Foundation. Singapore’s Out of Hospital Cardiac
Arrest Report (2011-2018), November 2020. Available at:
https://www.myheart.org.sg/wp-content/uploads/2019/08/Singapore-
OHCA-Data-Report-2011-2018.pdf. Accessed on 18 April 2022.

Lascarrou JB, Merdji H, Le Gouge A, et al. Targeted temperature
management for cardiac arrest with nonshockable rhythm. New Engl
J Med 2019;381:2327-37.

Yannopoulos D, Bartos J, Raveendran G, et al. Advanced reperfusion
strategies for patients with out-of-hospital cardiac arrest and
refractory ventricular fibrillation (ARREST): a phase 2, single centre,
open-label, randomised controlled trial. Lancet 2020;396:1807-16.

Sakamoto T, Morimura N, Nagao K, et al. Extracorporeal
cardiopulmonary resuscitation versus conventional cardiopulmonary
resuscitation in adults with out-of-hospital cardiac arrest: a
prospective observational study. Resuscitation 2014;85:762-8.

Pareek N, Kordis P, Webb I, et al. Contemporary management of
out-of-hospital cardiac arrest in the cardiac catheterisation laboratory:
current status and future directions. Interv Cardiol 2019;14:113-23.

Nolan JP, Maconochie I, Soar J, et al. Executive Summary: 2020
International consensus on cardiopulmonary resuscitation and
emergency cardiovascular care science with treatment recommenda-
tions. Circulation 2020;142:S2-27.

Nolan JP, Sandroni C, Boéttiger BW, et al. European Resuscitation
Council and European Society of Intensive Care Medicine Guidelines
2021: Post-resuscitation care [published correction appears in
Resuscitation 2021;167:109-10]. Resuscitation 2021;161:220-69.

Stanger D, Kawano T, Malhi N, et al. Door-to-targeted temperature
management initiation time and outcomes in out-of-hospital cardiac
arrest: Insights from the Continuous Chest Compressions Trial. ] Am
Heart Assoc 2019;8:¢012001.

. Napp LC, Sanchez Martinez C, Akin M, et al. Use of extracorporeal

membrane oxygenation for eCPR in the emergency room in patients
with refractory out-of-hospital cardiac arrest. PloS One 2020;15:
€02397717.

Kelham M, Jones TN, Rathod KS, et al. An observational study
assessing the impact of a cardiac arrest centre on patient outcomes
fter out-of-hospital cardiac arrest (OHCA). Eur Heart J Acute
Cardiovasc Care 2020;9:S67-73.

Seholm H, Wachtell K, Nielsen SL, et al. Tertiary centres have
improved survival compared to other hospitals in the Copenhagen
area after out-of-hospital cardiac arrest. Resuscitation 2013;84:162-7.
Stub D, Schmicker RH, Anderson ML, et al. Association between
hospital post-resuscitative performance and clinical outcomes after
out-of-hospital cardiac arrest. Resuscitation 2015;92:45-52.

Ann Acad Med Singap Vol 51 No 6 June 2022 | annals.edu.sg



350

22.

23.

24.

25.

26.

217.

28.

29.

30.

Post-resuscitation interventions and OHCA outcomes—1Julia Li Yan Jaffar et al.

von Vopelius-Feldt J, Perkins GD, Benger J. Association between
admission to a cardiac arrest centre and survival to hospital discharge
for adults following out-of-hospital cardiac arrest: A multi-centre
observational study. Resuscitation 2021;160:118-25.

O’Leary MJ. Centralising care for cardiac arrest survivors in
Australia. Intern Med J 2012;42:1171-3.

Sinning C, Ahrens I, Cariou A, et al. The cardiac arrest centre for the
treatment of sudden cardiac arrest due to presumed cardiac cause -
aims, function and structure: Position paper of the Association for
Acute CardioVascular Care of the European Society of Cardiology
(AVCV), European Association of Percutaneous Coronary Interventions
(EAPCI), European Heart Rhythm Association (EHRA), European
Resuscitation Council (ERC), European Society for Emergency
Medicine (EUSEM) and European Society of Intensive Care Medicine
(ESICM). Eur Heart J Acute Cardiovasc Care 2020;9:S193-202.

Lai CY, Lin FH, Chu H, et al. Survival factors of hospitalized
out-of-hospital cardiac arrest patients in Taiwan: A retrospective
study. PloS One 2018:13:¢0191954.

Tan TXZ, Hao Y, Ho AFW et al. Inter-hospital variations in
resuscitation processes and outcomes of out-of-hospital cardiac arrests
in Singapore. J Emerg Crit Care Med 2019;3:21.

Ong ME, Shin SD, Tanaka H, et al. Pan-Asian Resuscitation Outcomes
Study (PAROS): rationale, methodology, and implementation. Acad
Emerg Med 2011;18:890-7.

Singapore Department of Statistics. Population and population
structure. Available at: https://www.singstat.gov.sg/find-data/search-
by-theme/population/population-and-population-structure/latest-data/.
Accessed on 18 April 2022.

Singapore Civil Defence Force. Annual Report FY17/18. Available
at: https://www.scdf.gov.sg/docs/default-source/scdf-library/annual-
reports/annualreport20172018.pdf? Accessed on 18 April 2022.

Singapore Civil Defence Force. Fire, emergency medical services
and enforcement statistics 2018. Available at: https://www.scdf.gov.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

sg/docs/default-source/scdf-library/amb-fire-inspection-statistics/scdf-
annual-statistics-2018.pdf. Accessed on 18 April 2022.

Ministry of Health, Singapore. Health facilities. Available at:
https://www.moh.gov.sg/resources-statistics/singapore-health-facts/
health-facilities. Accessed on 18 April 2022.

Wang HE, Devlin SM, Sears GK, et al. Regional variations in early
and late survival after out-of-hospital cardiac arrest. Resuscitation
2012;83:1343-8.

Moller SG, Wissenberg M, Moller-Hansen S, et al. Regional
variation in out-of-hospital cardiac arrest: Incidence and survival
- A nationwide study of regions in Denmark. Resuscitation
2020;148:191-9.

Burke LG, Frakt AB, Khullar D, et al. Association between teaching
status and mortality in US hospitals. JAMA 2017;317:2105-13.

Shahian DM, Nordberg P, Meyer GS, et al. Contemporary
performance of U.S. teaching and nonteaching hospitals. Acad Med
2012;87:701-8.

Patel DB, Shah RM, Bhatt DL, et al. Guideline-appropriate care and
in-hospital outcomes in patients with heart failure in teaching and
nonteaching hospitals: findings from Get With The Guidelines-Heart
Failure. Circ Cardiovasc Qual Outcomes 2016;9:757-66.

Czarnecki A, Qiu F, Koh M, et al. Association between hospital
teaching status and outcomes after out-of-hospital cardiac arrest. Circ
Cardiovasc Qual Outcomes 2019;12:¢005349.

Carr BG, Kahn JM, Merchant RM, et al. Inter-hospital variability in
post-cardiac arrest mortality. Resuscitation 2009;80:30-4.

Lemkes JS, Janssens GN, van der Hoeven NW, et al. Coronary
angiography after cardiac arrest without ST-segment elevation.
N Engl J Med 2019;380:1397-407.

Wadhera RK, Anderson JD, Yeh RW. High-risk percutaneous
coronary intervention in public reporting states: the evidence,

exclusion of critically ill patients, and implications. Curr Heart Fail
Rep 2017;14:514-8.

Ann Acad Med Singap Vol 51 No 6 June 2022 | annals.edu.sg



