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Background: Variability in post-resuscitation care of out-of-hospital cardiac arrests (OHCA) contributes
to differences in survival outcomes. Interventions of significance include targeted temperature management
(TTM) and percutaneous coronary intervention (PCI). In this study, we sought to determine the magnitude
and factors involved.
Methods: From April 2010 to December 2014, all consecutive OHCAs presenting to hospitals across
Singapore were considered for analysis. Primary outcome was survival to discharge or 30 days. Secondary
outcomes included survival to admission, and neurological outcome (Glasgow-Pittsburgh Cognitive
Performance Categories ≤2). The effects of hospital-based resuscitative interventions and admitting hospital
on outcome were compared using Chi-squared tests and multivariate logistic regression models.
Results: A total of 7,609 OHCA cases were included from six hospitals in Singapore. TTM and PCI
usage varied significantly (P<0.001). Hospitals B, C, D had a lower survival to discharge or 30 days postarrest [adjusted odds ratio (AOR) 0.392, 95% CI: 0.229–0.671, P=0.0006; AOR 0.499, 95% CI: 0.298–0.837,
P=0.008; AOR 0.495, 95% CI: 0.304–0.805, P=0.005, respectively]. Hospitals B, D had lower survival to
discharge with good neurological function (AOR 0.390, 95% CI: 0.206–0.738, P=0.004; AOR 0.443, 95%
CI: 0.249–0.791, P=0.006 respectively). Hospitals B, C, D, E had lower survival to ED admission (AOR
0.582, 95% CI: 0.462–0.733, P<0.0001; AOR 0.600, 95% CI: 0.474–0.759, P<0.001; AOR 0.678, 95% CI:
0.542–0.847, P=0.0007; AOR 0.620, 95% CI: 0.494–0.777, P<0.0001 respectively). Both teaching status and
bed number (≥1,000 beds) are associated with improved survival to discharge or 30 days (OR 1.488, P=0.007;
OR 1.536, P=0.005)
Conclusions: TTM and PCI usage, and OHCA outcomes vary between hospitals. This is associated with
teaching status, bed number, and post-resuscitation care.
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Introduction

Methods

Out-of-hospital cardiac arrests (OHCAs) are a global health
concern and remain a leading cause of death (1). Various
demographic, etiological and pre-hospital factors are
well known to affect outcomes. Examples include age (2),
cause of arrest (3), witnessed arrest (2-6), bystander
cardiopulmonary resuscitation (CPR) (3-6), and first arrest
rhythm (2-5,7). Recent studies comparing inter-hospital
OHCA outcomes have also highlighted several hospitalbased factors—percutaneous coronary intervention (PCI)
capability [whether specified as 24-hour emergency PCI
(6,8) or otherwise] (9), OHCA patient volume (10), and
expertise and ability (9). Several other factors have also
been associated with inter-regional variations in OHCA
survival (11,12). These include regional differences in
OHCA risk, population density, socioeconomic and racial
characteristics, bystander response, emergency cardiac
care and importantly, post-resuscitation care (6,13,14)
Developments in post-resuscitation care, including targeted
temperature management (TTM) (15-17) and early PCI
(18,19), are also key elements behind recent improvements
in OHCA survival in the early 2000s (1,16,20), compared to
the lack of significant survival improvement several decades
earlier (5,21,22).
However, although there are specific post-resuscitation
guidelines from the American Heart Association (23)
and European Resuscitation Council (24), and local
accreditation bodies such as the National Resuscitation
Council in Singapore (25), these interventions require
multidisciplinary dedicated care, specialized expertise
and equipment, and involve substantial healthcare
costs (26). Indeed, physician surveys in the United States
demonstrate low uptake rates due to a variety of reasons,
including the aforementioned (27,28). Furthermore, local
adoption of PCI and TTM practices has only recently
occurred in 2008 (16). We postulate that these may also
cause significant utilization disparities amongst hospitals
within the same country, which may in turn result in
dissimilarities in OHCA outcomes.
To our knowledge, a comparison of inter-hospital
OHCA outcomes within Singapore has never been done.
This could reveal variation in the delivery of resuscitative
and post-resuscitative care, and highlight opportunities
for improvement. In this study, we sought to determine
the magnitude and factors associated with inter-hospital
outcome variations for OHCAs in all public hospitals in
Singapore.

Study design
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This was a prospective, nation-wide, multi-centre cohort
study of consecutive OHCA cases presenting at any of
the 6 restructured hospitals in Singapore from April 2010
to December 2014. OHCA was determined by these
criteria: absence of pulse, unresponsiveness, and apnea (29),
regardless of aetiology and method of arrival. We excluded
patients who are immediately pronounced dead and for
whom resuscitation is not attempted.
In this study, all Singapore OHCA cases were extracted
from the Pan-Asian Resuscitation Outcomes Study Clinical
Research Network (PAROS CRN), an international
prospective registry of OHCAs in the Asia-Pacific
region. Relevant data collection processes for Singapore
were reviewed and approved by Singhealth Centralised
Institutional Review Boards (IRB) and National Healthcare
Group Domain Specific Review Boards (DSRB) with
waiver of informed consent. A data sharing agreement
within PAROS CRN has also been put in place to protect
the confidentiality of the study population. The primary
outcome was survival to discharge or 30 days post-arrest,
if not discharged. Secondary outcomes included survival to
Emergency Department (ED) admission and survival with
favourable neurological outcome, defined as a GlasgowPittsburgh Cerebral Performance Categories (CPC)
≤2 at hospital discharge, or 30 days post OHCA if not
discharged. CPC are classified as follows: (I) good cerebral
performance where patient is conscious and able to work
and lead a normal life; (II) moderate cerebral disability
where patient is conscious and able to work part-time in
sheltered environments; (III) severe cerebral disability
where patient is conscious but dependent on others for
daily support; (IV) coma; (V) death by traditional criteria
or certified brain dead. CPC grading was done through inperson assessments, clinical records, and via the telephone
by trained personnel not directly involved in subject care or
in this study.
Setting
Singapore is a highly urbanized city-state in Southeast
Asia comprising of one main island along with 63 other
islets, with a population of 5.6 million, a population
density of 7,797 per square kilometre, and a median age
of 40.0 years (30). In the late 20th century, Singapore’s
public governmental hospitals were restructured while
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remaining as not-for-profit institutions wholly-owned by
the government so as to improve management autonomy
and flexibility. As of start of OHCA data collection in
2010, there were six adult acute restructured hospitals
in Singapore (randomly labelled Hospitals A-F and in
no particular order), equipped with 6,686 (82.9%) beds
which accommodated 343,332 (78.5%) admissions in that
year (31). Five of the 6 hospitals (B-F) provide 24-hour
emergency PCI services. There were also seven private
hospitals in Singapore equipped with 1,378 beds (32),
however they do not receive OHCA cases from emergency
medical services (EMS) and do not manage post-OHCA
patients. There is also a paediatric restructured hospital,
KK Women’s and Children’s Hospital, which does not
manage adult OHCA patients, and only received 30
OHCAs during the study period. Hospital teaching
status was defined as the presence of an adjacent affiliated
medical school.
Prehospital EMS is provided by the Singapore Civil
Defence Force (SCDF), a uniformed government agency
responsible also for fire-fighting, disaster relief, and search
and rescue. To do so, it operates a publicly funded firebased system with a centralized phone dispatch system, and
has under its purview 46 ambulances and 15 fast response
paramedics (FRP) on first-aid equipped motorcycles (33).
Paramedics are trained in basic life support, 12-lead
electrocardiography (ECG), automated external defibrillator
usage, and adrenaline administration (34). SCDF uses
a catchment zone policy where patients from defined
geographic areas will be conveyed to the public hospital
nearest to the incident location, regardless of prehospital
symptoms or diagnosis. Therefore, no significant “Hawthorne
effect” noted on behalf of the EMS personnel. Average
response time is <8 minutes (16). There are also several
private ambulance companies in Singapore but they do not
respond to 995 dispatch or OHCA and are largely utilized
for elective inter-facility transfers.
Analysis
The effects of hospital-based resuscitative interventions
and admitting hospital on outcome were compared using
Chi-squared tests and multivariate logistic regression
models respectively, using IBM SPSS Statistics 21
(IBM Corporation, Armonk, NY, USA). Hospitals were
benchmarked against Hospital F, the oldest and largest
restructured hospital in Singapore. The parameters
eventually selected for the multivariate logistic regression
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models are known to current literature, and were first
investigated using univariate logistic regression. These
include age, gender, cause of arrest (cardiac/respiratory/
traumatic/others), witnessed arrest, bystander CPR, and
first arrest rhythm [asystole/pulseless electrical activity
(PEA)/ventricular tachycardia (VT)/ventricular fibrillation
(VF)/other]. We subsequently attempted to explain any
dissimilarities in outcomes via Chi-squared tests on interhospital factors both proven in literature: PCI capability and
OHCA patient volume, and otherwise: years in operation,
teaching status, and bed number. In an attempt to explain
variations in OHCA outcomes, five inter-hospital factors
were analysed: PCI capability, years in operation, teaching
status, bed number, and OHCA patient volume.
Results
Demographics of study cohort
Out of a total of 7,609 patients, 4,952 (65.1%) were male,
and had ages ranging from 19 to 115, with a median age
of 66 years. In terms of cause of arrest, the most common
was cardiac, followed by respiratory and traumatic with
frequencies of 5,384 (70.8%), 481 (6.3%), and 224 (2.9%)
respectively. The most common first arrest rhythm
was asystole, followed by PEA, VF, and then VT, with
frequencies of 3,873 (50.9%), 2,100 (27.6%), 1,248 (16.4%),
and 34 (0.4%) respectively. In terms of pre-hospital
management, 4,466 (58.7%) were witnessed arrests, and
2,732 (35.9%) received bystander CPR (Table 1).
OHCA outcomes
Out of the 7,609 cases analysed, 1,312 (17.2%) survived
to admission from the ED, out of which 268 (20.4%)
underwent PCI, and 220 (16.8%) underwent TTM.
Subsequently, 193 (14.7%) were discharged alive, and an
additional 80 (6.1%) remained alive at 30 days. Out of
the 193 patients who were discharged alive, 146 (75.7%)
retained good cognitive function with CPC ≤2, while the
remaining 46 (23.8%) had a CPC >2, and 1 (0.5%) had
missing CPC data (Figure 1).
Inter-hospital comparison of OHCA outcomes
Survival to discharge or 30 days post-arrest, our primary
outcome, varied across hospitals from 2.6% to 6.2% (rate
difference, 3.6%; 95% CI: 1.7–5.5%). On univariate logistic
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4 (0.5)
OHCA, out-of-hospital cardiac arrests; PEA, pulseless electrical activity; VF, ventricular fibrillation; VT, ventricular tachycardia.

6 (0.3)
7 (0.4)
10 (0.6)
34 (0.4)
VT

1 (0.4)

6 (0.4)

134 (18.4)

156 (21.4)
525 (29.5)

286 (16.1)
305 (17.5)

493 (28.3)

265 (15.7)

213 (15.2)

445 (26.4)

1,248 (16.4)
VF

45 (16.7)

2,100 (27.6)
PEA

76 (28.1)

405 (28.9)

353 (48.5)
905 (53.6)
3,873 (50.9)
Asystole

First arrest rhythm (%)

138 (51.1)

703 (50.2)

867 (49.7)

907 (51.0)

281 (38.6)
590 (33.1)
619 (35.5)
600 (35.5)
2,732 (35.9)
Bystander CPR (%)

90 (33.3)

552 (39.4)

430 (59.1)
1,026 (57.6)
1,051 (60.3)
925 (54.8)
4,466 (58.7)
Witnessed arrest (%)

170 (63.0)

864 (61.7)

17 (2.3)
33 (1.9)
73 (4.2)
46 (2.7)
224 (2.9)
Trauma

4 (1.5)

51 (3.6)

44 (6.0)

529 (72.7)
1,322 (74.3)

101 (5.7)
130 (7.5)

1,190 (68.3)

104 (6.2)

955 (68.2)
1,202 (71.2)

25 (9.3)
481 (6.3)

5,384 (70.8)
Presumed cardiac

Cause of arrest (%)

Respiratory

186 (68.9)

77 (5.5)

500 (68.7)
1,161 (65.2)
1,182 (67.8)
1,058 (62.7)
Male (%)

4,952 (65.1)

172 (63.7)

879 (62.8)

64.1 (18.5)
67.8 (16.1)
62.7 (18.8)
65.6 (18.3)

63.8 (18.1)
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68.7 (17.0)
65.1 (18.0)
Mean age in years (SD)

Total (n=7,609) Hospital A (n=270) Hospital B (n=1,688) Hospital C (n=1,400) Hospital D (n=1,743) Hospital E (n=1,780) Hospital F (n=728)
Variables

Table 1 Patient demographics and OHCA characteristics
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regression, the following variables were associated with
improved OHCA outcomes: witnessed arrest [odds ratio
(OR) 3.7, 95% CI: 2.7–5.1, P<0.001], bystander CPR (OR
1.5, 95% CI: 1.1–1.9, P=0.002) and cardiac or respiratory
cause of arrest (OR 2.1, 95% CI: 1.4–3.0, P<0.001; OR 1.9,
95% CI: 1.0–3.4, P=0.04) as opposed to traumatic and other
causes (e.g., drowning). Older age (OR 0.98, 95% CI: 0.98–
0.99, P<0.001), female gender (OR 0.65, 95% CI: 0.52–0.80,
P=0.002) and non-VT first arrest rhythm, i.e., VF, asystole,
PEA, other perfusing rhythm (OR 0.51, 95% CI: 0.23–1.1,
P=0.098; OR 0.09, 95% CI: 0.03–0.025, P<0.001; OR
0.091, 95% CI: 0.39–0.21, P<0.001; OR 0.29, 95% CI:
0.12–0.70, P=0.006) were predictors of worse outcome.
After subsequent multivariate analysis to eliminate known
confounders, it was noted that as compared to Hospital F the
study benchmark, Hospitals B, C, and D had a lower survival
to discharge or 30 days post-arrest [adjusted odds ratio (AOR)
0.392, 95% CI: 0.229–0.671, P=0.0006; AOR 0.499, 95% CI:
0.298–0.837, P=0.008; AOR 0.495, 95% CI: 0.304–0.805,
P=0.005]. Survival to ED admission also varied from 15.0%
to 23.8% (rate difference, 8.8%; 95% CI: 5.3–12.3%), with
Hospitals B, C, D, and E experiencing lower survival to ED
admission (AOR 0.582, 95% CI: 0.462–0.733, P<0.0001;
AOR 0.600, 95% CI: 0.474–0.759, P<0.0001; AOR 0.678,
95% CI: 0.542–0.847, P=0.0007; AOR 0.620, 95% CI:
0.494–0.777, P<0.0001). Lastly, survival to discharge with
CPC ≤2 varied from 1.2% to 4.3% (rate difference, 3.1%;
95% CI: 1.5–4.7%), with Hospital B and D experiencing
lower survival to discharge with good cognitive function
(AOR 0.390, 95% CI: 0.206–0.738, P=0.004; AOR 0.443,
95% CI: 0.249–0.791, P=0.006) (Tables 2,3).
Hospital and post-resuscitation factors
Comparisons of OHCAs presenting to hospitals with
24-hour emergency PCI capabilities and those without
did not yield any significant correlation with primary
outcome (OR 1.393, P>0.05). Th er e was a l s o no
correlation between years in operation (≤20 vs. >20 years)
and outcome (OR 1.113, P>0.05). Both teaching
status and bed number (≥1,000 beds) are associated
with improved survival to discharge or 30 days (OR
1.488, P=0.007; OR 1.536, P=0.005). Lastly, in terms
of OHCA patient volume, Hospitals B, C, D and E
had high patient volumes of at least 40 patients/month,
while Hospitals F and A have half that or less, with
10–20 patients/month. Hospital A in particular, had the
lowest patient volume, with an average of approximately
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Total OHCA cases
Apr 2010–Dec 2014
N=7,639
Excluded age ≤18 years old
N=30 (0.4%)
Adult OHCA
N=7,609 (99.6%)

Died in ED
N=6,297 (82.8%)

Survived to admission
N=1,312 (17.2%)

Died in hospital
N=1,039 (79.2%)

Discharged alive
N=193 (14.7%)

Remained alive at 30th day post arrest
N=80 (6.1%)

Neurological status
CPC 1 or 2: N=146 (75.7%)
CPC 3 or 4: N=46 (23.8%)

Figure 1 Flow diagram for all study participant. OHCA, out-of-hospital cardiac arrests; ED, emergency department; CPC, cerebral
performance category.

Table 2 Post-resuscitation interventions and OHCA outcomes
Variables

Total
(n=7,609)

Hospital A
(n=270)

Hospital B
(n=1,688)

Hospital C
(n=1,400)

Hospital D
(n=1,743)

Hospital E
(n=1,780)

Hospital F
(n=728)

Procedures (%)
268 (3.5)

9 (3.3)†

32 (1.9)

41 (2.9)

86 (4.9)

64 (3.6)

36 (4.9)

220 (2.9)

†

9 (3.3)

16 (0.9)

2 (0.1)

88 (5.0)

28 (1.6)

77 (10.6)

ED ROSC

2,108 (27.7)

86 (31.9)

446 (26.4)

411 (29.4)

511 (29.3)

394 (22.1)

260 (35.7)

Survival to admission (%)

1,312 (17.2)

53 (19.6)

254 (15.0)

232 (16.6)

319 (18.3)

281 (15.8)

173 (23.8)

193 (2.5)

5 (1.9)

27 (1.6)

34 (2.4)

43 (2.5)

47 (2.6)

37 (5.1)

80 (1.1)

2 (0.7)

17 (1.0)

15 (1.1)

18 (1.0)

20 (1.1)

8 (1.1)

1,039 (13.7)

46 (17.0)

210 (12.4)

183 (13.1)

258 (14.8)

214 (12.0)

128 (17.6)

7,336 (96.4)

263 (97.4)

1,644 (97.4)

1,351 (96.5)

1,682 (96.5)

1,713 (96.2)

683 (93.8)

270 (3.5)

7 (2.6)

43 (2.5)

48 (3.4)

60 (3.4)

67 (3.8)

45 (6.2)

≤2

162 (2.1)

4 (1.5)

21 (1.2)

30 (2.1)

33 (1.9)

43 (2.4)

31 (4.3)

>2

108 (1.4)

3 (1.1)

22 (1.3)

18 (1.3)

27 (1.5)

24 (1.3)

14 (1.9)

PCI
TTM

Discharged alive
Remained alive at 30 days
Died
30-day mortality (%)
CPC (%)

†

, Hospital A does not have PCI capability. These patients were transferred over to another hospital after stabilization. OHCA, out-ofhospital cardiac arrests; PCI, percutaneous coronary intervention; TTM, targeted temperature management; ED, emergency department;
ROSC, return of spontaneous circulation; CPC, cerebral performance category.
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Table 3 Inter-hospital variability in OHCA outcomes
Unadjusted OR (95% CI)

Adjusted OR (95% CI)‡

P value

Hospital A

0.718 (0.293–1.759)

0.482 (0.180–1.293)

0.147

Hospital B

0.564 (0.374–0.849)

0.392 (0.229–0.671)

0.0006

Hospital C

0.947 (0.651–1.378)

0.499 (0.298–0.837)

0.008

Hospital D

0.964 (0.684–1.359)

0.495 (0.304–0.805)

0.005

Hospital E

1.056 (0.757–1.473)

0.658 (0.407–1.064)

0.088

Hospital F

1.000

1.000

–

Hospital A

1.179 (0.868–1.602)

0.790 (0.549–1.136)

0.203

Hospital B

0.814 (0.701–0.945)

0.582 (0.462–0.733)

<0.0001

Hospital C

0.943 (0.808–1.102)

0.600 (0.474–0.759)

<0.0001

Hospital D

1.099 (0.956–1.264)

0.678 (0.542–0.847)

0.0007

Hospital E

0.872 (0.755–1.008)

0.620 (0.494–0.777)

<0.0001

Hospital F

1.000

1.000

–

Hospital A

0.785 (0.288–2.136)

0.628 (0.206–1.914)

0.413

Hospital B

0.537 (0.330–0.873)

0.390 (0.206–0.738)

0.004

Hospital C

1.042 (0.682–1.591)

0.571 (0.316–1.031)

0.063

Hospital D

0.861 (0.571–1.300)

0.443 (0.249–0.791)

0.006

Hospital E

1.073 (0.730–1.577)

0.726 (0.415–1.271)

0.262

Hospital F

1.000

1.000

–

Outcomes
Survival to discharge or 30 days

Survival to admission

Survival to discharge with CPC ≤2

‡

, Adjusted for age, gender, cause of arrest (cardiac/respiratory/trauma/others), witnessed arrest, bystander CPR and first arrest rhythm
(VT/VF/asystole/PEA/others). OHCA, out-of-hospital cardiac arrests; OR, odds ratio; CI, confidence interval; CPR, cardiopulmonary
resuscitation; CPC, cerebral performance category; PEA, pulseless electrical activity; VT, ventricular tachycardia; VF, ventricular fibrillation.

4 patients/month. Interestingly, high OHCA patient
volume hospitals tended to have poorer OHCA outcomes
(OR 0.531, P<0.001) (Table 4).
PCI and TTM usage were both correlated with improved
survival to discharge or 30 days post-arrest if not discharged
(AOR 16.2, 95% CI: 11.6–22.6, P<0.01; AOR 7.96, 95% CI:
5.44–11.70, P<0.001) and survival to discharge or 30 days
post arrest if not discharged with CPC ≤2 (AOR 16.9,
95% CI: 11.2–25.5, P<0.001; AOR 5.4, 95% CI: 3.3–8.9,
P<0.001). The utilization of PCI and TTM was also noted
to vary significantly across hospitals (AOR 0.047, P<0.001;
AOR 0.099, P<0.001), ranging from 1.9% to 4.9% (rate
difference, 3.0%; 95% CI: 1.3–4.7%) and 0.1% to 10.6%
(rate difference, 10.5%; 95% CI: 8.3–12.7%) respectively.

© Journal of Emergency and Critical Care Medicine. All rights reserved.

Discussion
Contrary to previous studies (6,8-10), we also report a
significant correlation between both teaching status and bed
number, and survival to discharge or 30 days. This is only
but expected, and underscores the importance of academia
and economies of scale. Furthermore, as opposed to current
findings in literature (10), there is an inverse correlation
between OHCA patient volumes and outcomes. This is
likely because Hospital F which has the second lowest
OHCA patient load (n=728) also has the best outcomes
(6.2%). We postulate that this is because this hospital
possesses the aforementioned factors—an adjacent affiliated
medical school and a high bed number.
The primary outcome, survival to discharge or 30 days
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Table 4 Association between hospital characteristics and OHCA outcomes
Hospital characteristics

No of
Number of cases Survival to discharge
Odds ratio
hospitals
(% total)
or 30 days (%)

95% confidence
interval

P value

PCI capability

5

7,339 (96.5)

2.6

1.393

0.568–3.415

0.466

Years in operation (>20 years)

4

5,939 (78.1)

2.6

1.113

0.780–1.589

0.544

Teaching status

2

2,471 (32.5)

3.2

1.488

1.113–1.989

0.007

Bed number (≥1,000 beds)

3

4,251 (55.9)

3.0

1.536

1.147–2.101

0.005

0.375–0.753

<0.001

OHCA patient volume (>40 pts/month)

4

6,611 (86.9)

2.3

0.531

††

††

, Inverse association between OHCA patient volumes and outcomes due to outlier Hospital F having low patient volumes and good
outcomes. If removed from analysis, odds ratio becomes 1.239 (P=0.835). OHCA, out-of-hospital cardiac arrests; PCI, percutaneous
coronary intervention.

post-arrest varied from 2.6% to 6.2% (rate difference, 3.6%;
95% CI: 1.7–5.5%), similar to Hasegawa’s 3.7% to 6.1%
(rate difference 2.4%; 95% CI: 2.1–2.7%) (12) and Kajino’s
5.4% to 11.6% (rate difference 6.2%; 95% CI: 4.9–7.5%)
(13). Survival to discharge with good cognitive function
(CPC) ≤2 was also comparable to similar studies (12,14).
However, it must be stated that these are not perfect
comparisons due to significant variations in EMS practices
(29,34,35) and intrinsic study differences in terms of patient
selection and data grouping.
This analysis of consecutive OHCAs over a 4.5-year
period has strengthened current observational evidence in
literature (6,8,9), demonstrating dissimilarities in OHCA
interventions and outcomes between hospitals. Compared
to findings of previous studies (18), we did not find any
significant correlation between hospital PCI capability and
outcome. One must note, however, that only one hospital
does not have 24-hour emergency PCI capabilities and
it still sends eligible cases to the nearest facility for postresuscitative interventions. Although timings are not known
to us, this particular hospital is located <5 km (3.1 miles)
away from the nearest 24-hour emergency PCI facility.
While practice makes perfect, in this situation other
factors appear to play a larger role in affecting outcomes.
We were unable to assess the third hospital factor
highlighted in other inter-hospital OHCA studies, i.e.,
governmental certification of expertise and ability as no
such system currently exists in Singapore. Further studies
are indicated to further delineate the relationship between
hospital factors and OHCA outcomes.
This study has implications on the current consideration
for establishing regional systems of care for OHCA in
Singapore. At the present moment, the SCDF uses a
“catchment zone” policy where patients are transported
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to the nearest restructured hospital based on policydirected predefined geographic locations. However, studies
published in the last decade seem to show otherwise—that
distance is not associated with survival outcomes (6,13).
However, although we did not analyse transport distance
in this study, we have shown that the utilization of postresuscitative interventions is strongly associated with better
OHCA outcomes, and that certain hospitals have higher
utilization rates than others. It may therefore indeed be
prudent to designate such hospitals as specialized cardiac
arrest centres, superseding transport to nearest hospital
(7,36). Prior to this, however, further analysis on the factors
behind variations in the utilization of post-resuscitation
intervention should be carried out. Furthermore, although
Singapore is small, it is not clear if there exists a distance
cut-off from which distance becomes more significant
a factor over admitting hospital on outcomes. Thus, a
prospective study could be carried out to ascertain the
relationship between distance to nearest hospital, distance
to nearest specialized cardiac arrest centre, and outcomes so
as to create an evidence-based tool to guide EMS providers
on optimal transport destination from any given location.
Limitations
Our study findings should be interpreted with the following
limitations in mind. First, as this was a multi-centre
study spanning several years, data integrity, validity, and
transcription errors are potential limitations. This was
minimized through the standardization of definitions,
data collection protocols such as the utilization of case
record forms, and large sample sizes. Next, as this is an
observational study, confounders are likely to be present,
especially sociodemographic and economic factors. There
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may be diversity of our study population coupled with the
geographically determined hospital-patient watershed. CPR
quality data in the pre-hospital and ED setting was also not
collected. Although such data is not privy to us, we have
made rigorous adjustments for multiple patient and prehospital factors known to literature, including age, gender,
cause of arrest, witnessed arrest, bystander CPR, and first
arrest rhythm. Furthermore, the EMS system is generally
uniform across the city, and training for both EMS and ED
personnel is centralized. Thus, differences in CPR quality,
if any, is unlikely to account for our study results. Additional
analyses on the factors behind variations in the utilization of
post-resuscitation interventions and dissimilarities in interhospital OHCA outcomes should be carried out.
Lastly, as our study population possesses specific patient
demographics, clinical guidelines, and prehospital and
medical infrastructure (36), the findings from this study may
not be fully generalizable to other populations. However,
as our practices largely follow that of latest evidence-based
guidelines and consensus from international bodies such
as the American Heart Association and the International
Liaison Committee on Resuscitation (26), our findings
are likely to be generalizable to most developed countries.
Despite the aforementioned limitations, our study provides
new insights and supports recent findings regarding factors
affecting OHCA outcomes.
In summary, OHCA outcomes and the use of postresuscitative interventions vary between hospitals in
Singapore. Hospital teaching status, bed number, and
OHCA patient volumes affect patient outcomes. The
variation in survival outcomes indicate that there is potential
for further optimization and standardization of hospital
resuscitation and post-resuscitation practices. Further
research into the relevant factors is indicated.
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