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Abstract

Aim: Out-of-hospital cardiac arrest (OHCA) with an initial non-shockable rhythm is the predominant form of OHCA in adults. We evaluated its 10-
year trends in epidemiology and management in Singapore.

Methods: Using the national OHCA registry we studied the trends of 20,844 Emergency Medical Services-attended adult OHCA from April 2010 to
December 2019. Survival to hospital discharge was the primary outcome. Trends and outcomes were analyzed using linear and logistic regression,
respectively.

Results: Incidence rates of adult OHCAs increased during the study period, driven by non-shockable OHCA. Compared to shockable OHCA, non-
shockable OHCAs were significantly older, had more co-morbidities, unwitnessed and residential arrests, longer no-flow time, and received less
bystander cardiopulmonary resuscitation (CPR) and in-hospital interventions (p < 0.001). Amongst non-shockable OHCA, age, co-morbidities, res-
idential arrests, no-flow time, time to patient, bystander CPR and epinephrine administration increased during the study period, while presumed car-
diac etiology decreased (p < 0.05). Unlike shockable OHCA, survival for non-shockable OHCA did not improve (p < 0.001 for trend difference). The
likelihood of survival for non-shockable OHCA significantly increased with witnessed arrest (adjusted odds ratio (aOR) 2.02) and bystander CPR
(aOR 3.25), but decreased with presumed cardiac etiology (aOR 0.65), epinephrine administration (aOR 0.66), time to patient (2OR 0.93) and
age (aOR 0.98). Significant two-way interactions were observed for no-flow time and residential arrest with bystander CPR (aOR 0.96 and 0.40
respectively).

Conclusion: The incidence of non-shockable OHCA increased between 2010 and 2019. Despite increased interventions, survival did not improve
for non-shockable OHCA, in contrast to the improved survival for shockable OHCA.
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tion science, outcomes of OHCAs with non-shockable rhythms have
remained dismal globally with limited improvement over the years.”

The overall survival rates from OHCA have improved over the
Successful resuscitation after out-of-hospital cardiac arrest (OHCA) years in Singapore,’ but little is known about the incidence and out-

Introduction

is highly dependent on the first recorded rhythm, with shockable  comes of non-shockable OHCAs in adults, that is, those presenting
rhythms (ventricular tachycardia and fibrillation) linked to better clin- with an initial non-shockable rhythm. Singapore’s population is
ical outcomes compared to non-shockable rhythms (pulseless elec-  rapidly aging,? increasing in medical co-morbidities,® and mostly lives
. . 1,2
trical activity (PEA) and asystole). " The past four decades have in high-rise buildings which are challenging to access during emer-
seen an increasing incidence of OHCA presenting with an initial  gencies, all of which are factors associated with non-shockable
non-shockable rhythm and it is now the predominant form of OHCA OHCAs.'*'? Singapore has systematically introduced a series of
in adults globally.””" Despite accompanying advances in resuscita-  puplic health bystander-focused interventions over the years to
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improve OHCA outcomes.'® A recent study by Lin et al demon-
strated improvements in clinical outcomes of non-traumatic OHCA
with initial non-shockable rhythms in Taipei city, through multi-
faceted initiatives on the community chain of survival over a 10-
year period.'* Knowledge of the epidemiology of adult, non-
shockable OHCAs in Singapore, a similarly urbanized city state,
may help design policies and interventions to improve their
outcomes.

Using the national OHCA database, Singapore Pan-Asian
Resuscitation Outcomes Study (PAROS), we aimed to evaluate
the temporal trends in incidence, management and outcomes of
adult non-shockable OHCA in Singapore. We hypothesized the inci-
dence of non-shockable OHCA would increase with the aging popu-
lation of Singapore, and survival of non-shockable OHCA would
increase given the improvements in pre-hospital (Emergency Medi-
cal Service [EMS] response and bystander interventions), and in-
hospital care over the past decade.

Methods

Study design and setting

This was a secondary analysis from PAROS performed in Singa-
pore, a densely-populated, multi-ethnic city-state in Southeast Asia.
We included adult (defined as >20 years of age), EMS-attended
OHCA patients presenting between 1 April 2010 to 31 December
2019 (Fig. 1).

EMS
The Singapore Civil Defence Force (SCDF) is the sole EMS provider
in Singapore.” It is activated via a centralized “995” dispatch sys-

tem." Each OHCA case is attended by an SCDF ambulance com-
prising of three Emergency Medical Technicians (EMT)-one EMT-
Intermediate (EMT-I) equivalent and two EMT-Basic (EMT-B) equiv-
alent; the ambulance driver is one of the EMT-Bs. Motorcycle-based
EMTs or fire bikers, equipped with automated external defibrillators
(AED) are dispatched ahead of ambulances when available. During
the study period, dispatcher-assisted cardiopulmonary resuscitation
(DA-CPR), community CPR and AED training, and mobile commu-
nity first-responder scheme were introduced, in 2012, 2014 and
2015 respectively.'® The Registry for AED Integration initiative was
developed in 2015 to improve the management and utilization of
the 9880 public AEDs across Singapore.'®®

Data source and definitions

Data for this study were imported from the PAROS database. Only
data from Singapore were utilized for the study. PAROS is an ongo-
ing clinical research network for OHCA in the Asia-Pacific providing
baseline information on OHCA epidemiology, management and out-
comes, with data definitions in accordance with Utstein defini-
tions.'”'® Data are extracted from emergency dispatch records,
ambulance case notes, and emergency department (ED) and in-
hospital records. Quality assurance data checks are built into the
data entry system and data verification checks are implemented to
ensure data integrity.

The Charlson Co-morbidity Index (CCI) was applied to measure
and ascertain the patients’ disease burden succinctly.'® Disease
conditions not systematically collected by the database were
assumed to be absent in all the patients. These included peripheral
vascular disease, dementia, connective tissue disease, peptic ulcer
disease, liver disease, lymphoma, leukemia and acquired immunod-

Singapore population
(2010 - 2019)
n= 54,538,600

Total OHCA reported
n= 21,592

Pediatric OHCA, n= 430

Adult OHCA
n=20,844

Missing rhythm, n=318

Initial shockable rhythm
n= 3,535

Initial non-shockable rhythm
n=17,309

Non-survivor
n= 2856

Discharged alive
n=679

Non-survivor
n=17,076

Discharged alive
n=233

Fig. 1 - Patient selection. Selection of adult, EMS-attended OHCA in Singapore from April 2010 to December 2019.
Blue box indicates OHCA patients captured by the national OHCA registry. Red box indicates final study population.

Abbreviation: OHCA, out-of-hospital cardiac arrest.
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eficiency syndrome. Although the computation might not be com-
plete, it was the relative impact that mattered in comparing the odds
of survival and neurological outcomes at hospital discharge.

Study outcomes

The primary outcome was survival to hospital discharge, defined as
discharge from acute hospital care. Secondary outcomes included:
(1) transport to acute hospital, (2) survival to hospital admission,
defined as admission to hospital intensive care unit after successful
resuscitation in the ED, and (3) neurological status at time of hospital
discharge, based on the Cerebral Performance Category (CPC)
scale,?® where CPC 1 or 2 denoted a positive neurological outcome
and CPC 3 or 4 denoted a poor neurological outcome. Inpatient mor-
tality was designated CPC 5.

Statistical analysis

The data were presented with median (inter-quartile range, [IQR])
and frequencies (%), and the exploratory analyses were performed
with Mann-Whitney test and Chi-square test. Direct age-adjustment
of the shockable and non-shockable OHCA incidence rates was car-
ried out with the World Health Organization population.?’ The analy-
sis was prepared in two aspects. First, the monthly trends of crude
and age-adjusted incidence rates of shockable and non-shockable
OHCA, and the proportions of patient characteristics, event charac-
teristics, pre-hospital and in-hospital management, and outcomes
were estimated and tested with seemingly unrelated regression.*”
Second, using data only from non-shockable adult OHCA, the binary
clinical outcomes of survival to and neurological outcomes at dis-
charge were analyzed with logistic regression. The two-way interac-
tions between bystander CPR and arrest location and no flow time
were considered. The final models were selected based on back-
ward elimination (p-value threshold of 0.05), with the Akaike Informa-
tion Criterion (AIC) taken into consideration.?®> When an interaction
effect was featured both in the model building and in the final model,
their independent components were included mandatorily. Should
CCl turn out to be non-significant in the model-building process then
age would be included for further scrutiny. The analysis was further
stratified by age (<65 and >65 years) and type of non-shockable
rhythm (PEA and asystole). The Hosmer-Lemeshow test was
applied for ascertaining model goodness of fit. Analyzed with Stata
MP v16 (Stata Corp, Texas, USA), all statistical tests were per-
formed at 5% level of significance.

Ethical consideration

The Centralized Institutional Review Board (2010/270/C, 2013/604/C
and 2018/2937) and Domain Specific Review Board (C/10/545 and
2013/00929) granted approval for Singapore PAROS registry.
Waiver of patient consent was granted and all data were de-
identified.

Results

Overall characteristics

The baseline characteristics of 20,844 EMS-attended adult OHCA
patients are summarized in Table 1. The median age was 69 years
old (IQR: 57-81), and the majority were males (64.2%). The ethnic
distribution (Chinese: 68.3%, Malay: 15.6%, Indian: 11.1%) was
reflective of the nation’s racial mix. The majority of OHCAs occurred
at residences (73.0%), were presumed cardiac in etiology (68.6%)

and witnessed (58.1%). A total of 912 (4.4%) patients survived to
hospital discharge.

Compared to shockable OHCA, adult non-shockable OHCAs
were older and had more co-morbidities. Non-shockable OHCAs
were more often residential arrests, unwitnessed, of non-cardiac eti-
ology and experienced longer no-flow time; they received less
bystander and in-hospital interventions. Significantly fewer non-
shockable OHCAs survived to hospital discharge and were dis-
charged with good neurological outcomes, compared to shockable
OHCAs.

Temporal trends in OHCA incidence, management and
outcomes

The study period saw a significant increase in the monthly incidence
of adult OHCA, regardless of rhythm. The increase in incidence was
significantly greater for non-shockable OHCA, when compared with
shockable OHCA, with or without age adjustment (Supplemental
Table 1, Fig. 2a and b).

Compared to shockable OHCA, non-shockable OHCA reported
significantly steeper growing monthly trends in median age, certain
co-morbidities (hyperlipidemia and renal disease), and arrests which
were unwitnessed and of non-cardiac etiology (Fig. 2¢c and d).

Both non-shockable and shockable OHCA saw increases in
bystander CPR and targeted temperature management (TTM) use,
with the increase in TTM use significantly higher in shockable OHCA
(Fig. 2e and f). Shockable OHCA saw a growing trend of percuta-
neous coronary intervention (PCI). Time to patient increased signifi-
cantly for both shockable and non-shockable OHCA; no-flow time
increased significantly only for non-shockable OHCA.

The study period witnessed significant improvements in out-
comes for shockable OHCA, with rising trends in the proportions of
pre-hospital ROSC, survival to hospital admission, survival to hospi-
tal discharge and discharge with good neurological outcomes
(Fig. 2a and b). In contrast, non-shockable OHCA reported a down-
ward trend in the proportions of survival to admission and no change
in the proportion of survival to discharge. The proportions of non-
shockable OHCA discharged with good neurological outcomes were
below 1% throughout the study period.

Predictors of survival & neurological outcomes at
discharge

The analysis began with a bivariate examination on all relevant pre-
dictors. The subsequent logistic regression analysis revealed that
younger patients, PEA, non-cardiac etiology, bystander CPR, wit-
nessed arrests, no epinephrine administration and shorter time to
patient were jointly significant in raising the odds of survival to dis-
charge (Table 2 and Fig. 3). While no-flow time and residential arrest
were not significant as independent predictors, their effects were
manifested though their interactions with bystander CPR. More
specifically, bystander CPR coupled with a longer no-flow time or
residential arrest had the effect of reducing the odds of survival to
discharge. Among patients who survived to hospital admission, there
was significant evidence suggesting that PCI could almost triple the
odds of survival to discharge (Supplemental Table 2).

Similarly, younger age, PEA, bystander CPR and no epinephrine
administration were jointly significant in explaining a good neurolog-
ical outcome at discharge. The interactions between bystander CPR
with no-flow time and arrest location (residential) were significant.

The final models presented in Table 2 could offer a satisfactory fit
to the data, according to the Hosmer-Lemershow test (p > 0.05).
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Table 1 - Baseline characteristics of adult EMS-attended OHCA.

Non-Shockable Shockable P-value
n=17,309 n = 3,535
Demographics
Age in years, median (IQR) 71 (59, 82) 61 (52,70) <0.001
Male sex, n (%) 10,447 (60.4%) 2936 (83.1%) <0.001
Race, n (%) <0.001
Chinese 11,933 (68.9%) 2,311 (65.4%)
Malay 2,653 (15.3%) 593 (16.8%)
Indian 1,905 (11.0%) 414 (11.7%)
Other 818 (4.7%) 217 (6.1%)
Event information
Arrest location, n (%) <0.001
Private residence 13,3461 (77.1%) 1,870 (52.9%)
Healthcare facility 1,635 (9.5%) 369 (10.4%)
Public area 2,328 (13.5%) 1,296 (36.7%)
Presumed cardiac aetiology, n (%) 11,025 (63.7%) 3,265 (92.4%) <0.001
Witnessed arrest, n (%) <0.001
Unwitnessed 7,879 (45.5%) 861 (24.4%)
Bystander witnessed 7,864 (45.4%) 2,372 (67.1%)
EMS witnessed 1,566 (9.1%) 302 (8.5%)
Medical history, n (%)
Heart disease 5,855 (33.8%) 1,491 (42.2%) <0.001
Diabetes 5,723 (33.1%) 966 (27.3%) <0.001
Cancer 1,969 (11.4%) 150 (4.2%) <0.001
Hypertension 9,379 (54.2%) 1,719 (48.6%) <0.001
Renal disease 2,527 (14.6%) 423 (12.0%) <0.001
Respiratory disease 2,200 (12.7%) 231 (6.5%) <0.001
Hyperlipidaemia 6,702 (38.7%) 1,353 (38.3%) 0.620
Stroke 2,380 (13.8%) 307 (8.7%) <0.001
CCl, median (IQR) 4 (2,5) 3(1,4) <0.001
Pre-hospital management
Bystander CPR, n (%) 8,449 (48.8%) 2,139 (60.5%) <0.001
DA CPR, n (%) 5,041 (29.1%) 827 (23.4%) <0.001
Bystander AED application, n (%) 690 (4.0%) 415 (11.7%) <0.001
Pre-Hospital defibrillation, n (%) 1,718 (9.9%) 3,422 (96.8%) <0.001
Epinephrine, n (%) 9,219 (53.3%) 2,095 (59.4%) <0.001
Times in minutes, median (IQR)
No-flow time in min, median (IQR)* 16 (10,25) 13 (8.6,18.5) <0.001
Time to Dispatch 1.7 (1,2.5) 1.6 (0.9,2.4) <0.001
Time to Scene 83 (6.6,10.5) 8 (6.3,10.2) <0.001
Time to Patient 11-3 (9.2,14.0) 10-5 (8.4,13.1) <0.001
Time at Scene 19-8 (15.8,23.8) 18-0 (13.9,22.5) <0.001
Hospital Management, n (%)
TT™ 433 (18.3%) 507 (39.1%) <0.001
PCI 217 (9.2%) 624 (48.1%) <0.001
Patient Outcomes, n (%)
Transported 17,028 (98.4%) 3,533 (99.9%) <0.001
Pre-hospital ROSC 1,051 (6.1%) 900 (25.5%) <0.001
Survived to admission 2,368 (13.7%) 1,297 (36.7%) <0.001
Survived to discharge 233 (1.4%) 679 (19.2%) <0.001
CPC 1 or 2 at discharge 107 (0.6%) 529 (15.0%) <0.001

Abbreviations: EMS, emergency medical services; OHCA, out-of-hospital cardiac arrest; IQR, inter-quartile range; CCI, Charlson Co-morbidity Index; CPR,
cardiopulmonary resuscitation; AED, automated external defibrillator; TTM, targeted temperature management; PCI, percutaneous coronary intervention; ROSC,
return of spontaneous circulation; CPC, Cerebral Performance Category.

Numbers are n (%) for categorical variables and median (Q1-Q3) for continuous variables.

Charlson Co-morbidity Index was calculated based on available medical history. Where details were not available, they were assumed to be absent.

Good neurological outcome was defined as CPC 1 or 2.

Time to scene is the interval, in minutes, between the time the call was received by the dispatch center and the time of arrival at scene of either the ambulance or
a rapid responder dispatched via the same dispatch center.

Time to patient refers to the interval, in minutes, between time call received by the dispatch center and the time of patient contact by either the ambulance or rapid
responder dispatched via the same dispatch center.

" No-flow time was unavailable for 164 patients.

™ The proportions of patient receiving these interventions were based on those who survived to hospital admission, as only these patients were eligible.
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Fig. 2 - Temporal trends of adult, EMS-attended OHCA. This figure shows the temporal trends of adult EMS-attended
OHCA in Singapore, stratified by rhythm type where (a) and (b) show incidence and outcomes, (c) and (d) show
patient and event characteristics, and (e) and (f) show interventions. Incidence was calculated per 100,000
population and adjustment for age was performed using direct method, based on World Health Organisation
population data. TTM and PCI are expressed as proportions of OHCA subgroup (adult, EMS-attended OHCA who
survived to hospital admission). Abbreviation: EMS, Emergency Medical Services; OHCA, out-of-hospital cardiac

arrest; ROSC, return of spontaneous circulation; CCI,

Charlson Comorbidity Index; CPR, cardiopulmonary

resuscitation; TTM, targeted temperature management; PCIl, percutaneous coronary intervention.

Exploratory analyses stratified by age and rhythm type
Amongst non-shockable OHCA patients, the above-mentioned anal-
yses were further stratified by age (<65 and >65 years) and rhythm
type (PEA vs asystole) for exploratory purposes.

Compared to their younger counterparts, older non-shockable
OHCAs (>65-years old) were more likely females, and had more
co-morbidities and residential arrests. Older non-shockable OHCAs
received more bystander CPR, less in-hospital interventions (for
those who survived to hospital admission) and had worse outcomes
(Supplemental Table 3).

Temporal trends in incidence, characteristics, management and
outcomes of older and younger non-shockable OHCA are summa-

rized in Supplemental Table 4 and Supplemental Fig. 1. The study
period saw significant increases in the monthly incidence of non-
shockable OHCA and bystander CPR, which were significantly
greater for older non-shockable OHCA. Outcomes improved for
younger non-shockable OHCA, but not for older, non-shockable
OHCA.

Among younger non-shockable OHCAs, an initial rhythm of PEA,
bystander CPR, witnessed arrests and shorter time to patient inde-
pendently improved the odds of survival to discharge. While an initial
rhythm of PEA improved the odds of discharge with good neurolog-
ical outcomes, diabetes and longer no-flow time reduced the odds of
discharge with good neurological outcomes. Bystander CPR inter-
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Table 2 - Significant predictors of non-shockable OHCA outcomes by logistic regression.

Predictor Survived to discharge CPC 1 or 2 at discharge
Adjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value
Age (continuous)* 0.98 (0.97-0.99) 0.001 0.98 (0.96-0.99) 0.009
Presumed cardiac etiology (yes vs no) 0.65 (0.45-0.93) 0.018 NS
Witnessed arrest (bystander vs unwitnessed) 2.02 (1.35-3.02) 0.001 1.96 (0.10-3.84) 0.051
Rhythm type (PEA vs asystole) 6.04 (3.94-9.26) <0.001 11.47 (4.83-27.26) <0.001
Bystander CPR (yes vs no) 3.25 (1.46-7.24) 0.004 8.30 (1.81-38.07) 0.006
Epinephrine administration (yes vs no) 0.66 (0.46-0.95) 0.024 0.29 (0.15-0.55) <0.001
Time to patient (continuous) 0.93 (0.89-0.98) 0.006 NS
Bystander CPR and arrest location (residential vs non-residential)” 0.40 (0.17-0.91) 0.028 0-14 (0.03-0.65) 0.012
Bystander CPR and no-flow time 0.96 (0.93-0.99) 0.012 0.92 (0.86—0.99) 0.037

Abbreviations: OHCA, out-of-hospital cardiac arrest; PEA, pulseless electrical activity; CPR, cardiopulmonary resuscitation; OR, odds ratio; Cl, confidence interval;
CPC, Cerebral Performance Category; NS, non-significant; CCI, Charlson Comorbidity Index.

EMS-witnessed OHCA and non-shockable OHCA with no subtype (PEA vs asystole) were excluded from the analysis. Final population included 14,888 patients.
This model included clinically relevant and statistically significant interaction terms such as bystander CPR and arrest location, bystander CPR and no-flow time.
Time to patient refers to the interval, in minutes, between time call received by the dispatch center and the time of patient contact by either the ambulance or rapid
responder dispatched via the same dispatch center.

" Age was included in the model where CCI was non-significant. Increasing age decreased the likelihood of survival to discharge and discharge with good
neurological outcome.

™ Arrest location was dichotomized into residential and non-residential (public and healthcare facility). On its own, arrest location did not significantly predict
survival to discharge or discharge with good neurological outcome.

™" No-flow time was not a significant predictor of survival to discharge or discharge with good neurological outcome, on its own.

Predictors of non-shockable OHCA survival

Age - *
Cardiac< HEH
Witnessed = —a—
pEAd | = I *
BCPR Ly o { *
Epinephrine | HEH *

Time to patient = m
BCPR x residential = Hll— i
BCPR x no-flow time =
PCI- P & | x

0 2 4 6 8 10
Adjusted OR and 95% CI

Fig. 3 - Predictors of survival and neurological outcome for non-shockable OHCA. This figure shows the predictors of
survival to hospital discharge for non-shockable OHCA. EMS-witnessed OHCA and non-shockable OHCA with no
subtype (PEA vs asystole) were excluded from the analysis. This model included clinically relevant and statistically
significant interaction terms such as bystander CPR and arrest location, bystander CPR and no-flow time. Time to
patient refers to the interval, in minutes, between time call received by the dispatch center and the time of patient
contact by either the ambulance or rapid responder dispatched via the same dispatch center. * indicates significant
predictors of discharge with good neurological outcomes (CPC 1 or 2) for non-shockable OHCA. Abbreviations:
OHCA, out-of-hospital cardiac arrest; BCPR, bystander cardiopulmonary resuscitation; PCI, percutaneous coronary
intervention; OR, odds ratio; Cl, confidence interval; CPC, Cerebral Performance Category.

acted significantly with no-flow time and residential arrest to reduce
the odds of survival and discharge with good neurological outcomes
respectively (Supplemental Table 5).

Unwitnessed arrests, asystole and epinephrine administration
were the common independent factors contributing to lower odds
of survival to and good neurological outcomes at discharge among

the older non-shockable OHCAs. The interaction between bystander
CPR and residential arrest was also significantly associated with the
lower odds of survival to discharge.

The exploratory analyses stratified by rhythm type (PEA vs asys-
tole) are summarized in Supplemental Tables 6-8 and Supplemental
Fig. 2.
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Discussion

In this large multi-ethnic nationwide study, we observed increasing
incidence of adult EMS-attended OHCA over the past decade, driven
mainly by non-shockable OHCA. The same period saw increases in
pre-hospital and in-hospital interventions of adult OHCA regardless
of rhythm. Amongst non-shockable OHCA, there were significant
increases in median age, co-morbidities, residential arrests and that
of non-cardiac etiology. In contrast with shockable OHCA, there was
limited progress in improving survival of non-shockable OHCA. Wit-
nessed arrests, bystander CPR and having PEA as the initial non-
shockable rhythm increased the odds of survival from non-
shockable OHCA, while increasing age, presumed cardiac etiology,
epinephrine administration and time taken for EMS to arrive at
patients’ side decreased the odds of survival. Bystander CPR inter-
acted significantly with location of arrest and duration of no-flow time.
Our study extends the findings of prior studies by providing more
granular information on the temporal trends and the interplay of fac-
tors affecting the outcomes of non-shockable OHCA.

The increasing incidence of non-shockable OHCA in Singapore
mirrors the global situation. Fuelled by the rapidly aging population
in Singapore® and increasing disease burden of cardiovascular and
non-cardiovascular co-morbidities,® we observed increasingly older
and sicker non-shockable OHCA patients, and predominance of res-
idential OHCA which tend to be unwitnessed. Unsurprisingly, the
proportion of non-shockable OHCA attributed to non-cardiac etiology
increased. The improved rates of bystander CPR, in-hospital inter-
ventions and pre-hospital ROSC for non-shockable OHCA did not
translate into improved survival to hospital discharge, which ran con-
trary to our hypothesis and contrasted with the improved outcomes
for shockable OHCA. We offer a few explanations for our findings:
(1) pre-hospital ROSC in our registry was defined as any ROSC,
whether sustained or not, and a proportion of these patients with
pre-hospital ROSC may not have sustained it and survived to hospi-
tal admission,?* (2) the increasingly older and sicker non-shockable
OHCAs with longer ischemic duration may have had injuries too sev-
ere to salvage, hence nullifying the improvements in pre-hospital and
in-hospital interventions, and (3) there were few effective in-hospital
therapies (PCl and TTM); while the use of these therapies increased
over time, they were not applied sufficiently for non-shockable
OHCA.

Singapore systematically introduced a bundle of three public
health bystander-focused interventions between 2012 and 2016,
which greatly improved bystander CPR rates over the study period."®
While bystander CPR increased the odds of survival to discharge
and good neurological outcomes for non-shockable OHCA in our
study, the interactions between bystander CPR with residential
arrests and no-flow time are worth mentioning. Bystander CPR
reduced the odds of survival and good neurological outcomes for
residential arrests and longer no-flow time. Taken together, the inter-
actions suggested a counter-benefit of bystander CPR on sicker
patients (older, more co-morbidities) with longer duration of primary
injury (no-flow time), presumably due to worse ischemic-
reperfusion response (secondary injury). Furthermore, little is known
about the quality of bystander CPR, which may have been subopti-
mal in OHCAs occurring at home, depending on the bystander char-
acteristics (demographics and prior training in CPR) and home
condition (ease of finding a flat hard surface etc). In heavily-
urbanized Singapore, CPR performed by EMS personnel may have

been compromised in quality if performed during vertical transporta-
tion. Information on CPR performance metrics and bystander char-
acteristics should be further investigated.

We observed increasing duration of no-flow time for non-
shockable OHCA over the study period, despite systematic introduc-
tion of DA-CPR, community CPR and AED training, and mobile com-
munity first-responder scheme. This was specifically observed in
older non-shockable OHCA. Our data offered a few possible expla-
nations for this: (1) Older, non-shockable OHCA occurred more often
at home, hence they were more likely to be unwitnessed, (2) Even if
these residential arrests were witnessed, the bystanders were prob-
ably older spouses likely to display some initial hesitation in perform-
ing bystander CPR, and required coaxing and coaching by the
dispatchers, and (3) Time to patient increased significantly over the
study period, reflecting the challenges faced by EMS personnel
and first responders (including community first responders) in reach-
ing the victims in our heavily-urbanized country.

Prior studies have suggested that PEA and asystole, while fre-
quently grouped together as non-shockable rhythms, are different
entities with different pre-arrest and intra-arrest characteristics, and
portend different outcomes.?*2” Despite less bystander CPR and
similar rates of in-hospital interventions throughout the study period,
clinical outcomes were consistently better in PEA compared to asys-
tole. Asystole, being the final endpoint of all rhythms of arrest, may
represent PEA which degenerated without effective intervention,
reflecting the duration of no-flow and low-flow time. The etiologies
of OHCA may account for different initial rhythms and it is conceiv-
able that PEA reflects reversible etiologies amenable to therapy.
Detailed information on the etiologies of OHCA would have been
good to have but was not available for the study.

Presumed cardiac etiology was associated with poorer outcomes
in our study, running contrary to existing literature.”® As prior stud-
ies included both shockable and non-shockable OHCA, it is plausible
the improved outcomes seen with OHCA of presumed cardiac etiol-
ogy were driven by shockable OHCAs, which are more likely due to
acute coronary occlusion amenable to coronary revascularization.>®
Non-shockable OHCAs of presumed cardiac etiology may have been
associated with end-stage heart diseases or acute coronary syn-
dromes that started out with shockable rhythms before degenerating
into non-shockable rhythms, conditions which are less reversible and
portend worse prognosis. Furthermore, misclassification of etiology
in our registry could not be excluded despite best efforts.*°

The strengths of our study include the population-based registry
with data collection based on Utstein definitions for reporting cardiac
arrest and the capture of all EMS-attended OHCA cases. The reg-
istry has in-built quality control measures and regular data audits
to ensure data quality and integrity. Nonetheless, our study should
be interpreted in the context of the following limitations. The observa-
tional nature of the study precluded causality. The registry collected
mainly pre-hospital and essential hospital data variables, and we
lacked granular information on socioeconomic factors, vertical loca-
tion of arrest, hospital-based management, etiologies of arrest and
long-term functional outcomes. There were varying amounts of miss-
ing data for all OHCA cases, albeit a small proportion (<2%). Finally,
as with all epidemiological studies, ascertainment bias and misclas-
sifications were other potential limitations.

Our findings have important clinical implications. The incidence of
non-shockable OHCA, in particular older (>65 years) non-shockable
OHCA, is likely to continue to increase in Singapore and other parts
of the world with ageing populations, putting a strain on EMS, hospi-
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tal and community resources. We need to improve our practice of
patient selection in order to rationalize limited resources. Termination
of resuscitation protocol was implemented by the SCDF in January
2019%7; a before-after comparison would allow us to evaluate if better
rationalization of resources (i.e. transport to acute hospitals and
definitive hospital care) translates into improved outcomes. Leverag-
ing on validated risk scores to select patients for intensive care at the
hospital level would similarly allow us to focus our efforts on those
with higher likelihood of survival with good neurological outcomes
and should be considered. Our study also highlights the complex
interplay of variables contributing to the poorer outcomes for OHCAs
happening in residential settings and the need for focused public
health interventions.

Conclusion

Singapore saw increasing incidence of and interventions for OHCA
with non-shockable rhythms between 2010 and 2019, but limited
gains in survival, partly explained by the ageing population with
increasing comorbidities and residential arrests. This contrasts with
the improvement in survival for shockable OHCA. Our findings high-
light the need for more research in optimizing patient selection for
pre-hospital termination of resuscitation and in-hospital advanced
interventions.
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