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ORIGINAL RESEARCH

Impact of Transport Time and Cardiac 
Arrest Centers on the Neurological 
Outcome After Out-of-Hospital Cardiac 
Arrest: A Retrospective Cohort Study
Cheng-Yu Chien, MD; Shang-Li Tsai, MD; Li-Heng Tsai, MD; Chen-Bin Chen, MD; Chen-June Seak, MD; 
Yi-Ming Weng, MD; Chi-Chun Lin, MD; Chip-Jin Ng, MD; Wei-Che Chien, MD; Chien-Hsiung Huang, MD; 
Cheng-Yu Lin, MD; Chung-Hsien Chaou, MD; Peng-Huei Liu, MD; Hsiao-Jung Tseng, MSc;  
Chi-Tai Fang, MD, PhD

BACKGROUND: Should all out-of-hospital cardiac arrest (OHCA) patients be directly transported to cardiac arrest centers (CACs) 
remains under debate. Our study evaluated the impacts of different transport time and destination hospital on the outcomes 
of OHCA patients.

METHODS AND RESULTS: Data were collected from 6655 OHCA patients recorded in the regional prospective OHCA registry 
database of Taoyuan City, Taiwan, between January 2012 and December 2016. Patients were matched on propensity score, 
which left 5156 patients, 2578 each in the CAC and non-CAC groups. Transport time was dichotomized into <8 and ≥8 min-
utes. The relations between the transport time to CACs and good neurological outcome at discharge and survival to discharge 
were investigated. Of the 5156 patients, 4215 (81.7%) presented with nonshockable rhythms and 941 (18.3%) presented with 
shockable rhythms. Regardless of transport time, transportation to a CAC increased the likelihoods of survival to discharge 
(<8 minutes: adjusted odds ratio [aOR], 1.95; 95% CI, 1.11–3.41; ≥8 minutes: aOR, 1.92; 95% CI, 1.25–2.94) and good neuro-
logical outcome at discharge (<8 minutes: aOR, 2.70; 95% CI, 1.40–5.22; ≥8 minutes: aOR, 2.20; 95% CI, 1.29–3.75) in OHCA 
patients with shockable rhythms but not in patients with nonshockable rhythms.

CONCLUSIONS: OHCA patients with shockable rhythms transported to CACs demonstrated higher probabilities of survival to 
discharge and a good neurological outcome at discharge. Direct ambulance delivery to CACs should thus be considered, 
particularly when OHCA patients present with shockable rhythms.
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Out-of-hospital cardiac arrest (OHCA) remains 
a major public health problem with a low sur-
vival rate. The overall survival rate varies greatly 

worldwide and ranges from 2% in Asia to 9% in 
Europe.1 Moreover, the survival rate of OHCA patients 
differs between those with shockable and nonshock-
able initial rhythms, with the former having a higher 
survival rate.2

Post–cardiac arrest care is the fifth link of the Chain 
of Survival to encourage the preservation of the brain 
and heart functions of cardiac arrest survivors.3 The 
implementation of post–cardiac arrest care treatment 
protocol, including percutaneous coronary interven-
tion and targeted temperature management, mark-
edly improved rates of survival to discharge with good 
neurological recovery in OHCA patients4,5 and was 
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accordingly included in later post–cardiac arrest care 
guidelines.6

Because of the wide variation among hospitals in the 
resources for optimum post–cardiac arrest care, it has 
been suggested that OHCA patients be transported to 
a cardiac arrest center (CAC) for post–cardiac arrest 

care7,8 for a higher likelihood of survival to discharge and 
good neurological outcomes (Cerebral Performance 
Category [CPC] of 1 or 2).9,10 Furthermore, transport 
time was not found to be associated with survival to 
discharge or good neurological outcome, affirming 
that it is safe to bypass the nearest hospitals to directly 
transport OHCA patients to CACs.11 Even when trans-
porting patients directly to CACs increased the bypass 
time by >20 minutes, the odds of survival to discharge 
and good neurological outcome were still higher than 
those transported to non-CACs in a shorter time.12

However, 2 important questions remain: Is there 
an ideal transport time for OHCA patients? Moreover, 
should all OHCA patients be transported to CACs? A 
previous study has suggested triaging patients ac-
cording to the initial cardiac rhythm because of major 
differences in prognosis; however, a limited number 
of patients were included.13 The objective of this 
study was to evaluate the relationship between trans-
port time to CACs and the survival and neurological 
outcomes by shockable rhythms in a large series of 
patients.

METHODS
Study Design and Setting
The data that support the findings of this study are 
available from the first author on reasonable request 
(E-mail: rainccy217@gmail.com). This was a retrospec-
tive cohort study using data from the OHCA database 
in Taoyuan City, Taiwan, between January 2012 and 
December 2016. The OHCA database in Taoyuan City 
is a regional prospective registry database to which all 
emergency departments within the city must report.14

Taoyuan City is the fourth-largest metropolitan area, 
made up of cities and rural areas in Taiwan. There are 
13 responsibility hospitals of first aid in Taoyuan. In the 
emergency medical service (EMS) system of Taoyuan 
City, the duty emergency medical technicians (EMTs) 
are either of an intermediate or a paramedic level. An 
EMT-paramedic can perform intubation and the ad-
ministration of epinephrine and amiodarone intrave-
nous injection or intraosseous infusion, whereas an 
EMT-intermediate can perform laryngeal mask airway 
insertion and intravenous injection or intraosseous 
infusion. Mechanical cardiopulmonary resuscitation 
(CPR) is provided to the patient continually until ar-
riving at the closest hospital. In Taoyuan City, all EMS 
followed the same rescue service principle of trans-
porting patients to the hospital in the vicinity of the 
location of arrest.

Selection of Participants
Patients with OHCA >18 years of age and transported 
by EMS were included in this study. Patients were 

CLINICAL PERSPECTIVE

What Is New?
•	 To our knowledge, this is the first study to 

evaluate the impact of transport time to treat-
ment center and type of treatment center on 
the prognosis of out-of-hospital cardiac arrest 
patients with shockable and nonshockable 
rhythms using a large database.

•	 Not all out-of-hospital cardiac arrest patients 
would benefit from better prognosis when 
transported to a cardiac arrest center.

•	 Transportation to a cardiac arrest center sig-
nificantly increased the likelihood of survival to 
discharge and a good neurological outcome at 
discharge in out-of-hospital cardiac arrest pa-
tients with shockable rhythms but not in those 
with nonshockable rhythms.

What Are the Clinical Implications?
•	 These findings may serve as a reference for 

emergency medical service in deciding whether 
to bypass the closest hospital to a cardiac ar-
rest center to increase the probability of a bet-
ter outcome in out-of-hospital cardiac arrest 
patients.

Nonstandard Abbreviations and Acronyms

ALS	 advanced life support
aOR	 adjusted odds ratio
BLS	 basic life support
CAC	 cardiac arrest center
CPC	 Cerebral Performance Category
CPR	 cardiopulmonary resuscitation
DNR	 do not resuscitate
EMS	 emergency medical service
EMT	 emergency medical technician
GAM	 generalized additive model
IQR	 interquartile range
OHCA	 out-of-hospital cardiac arrest
OR	 odds ratio
PSM	 propensity score matching
ROSC	 return of spontaneous circulation
SMD	 standardized mean difference
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excluded if they had a do not resuscitate order, were 
pronounced dead at the scene, experienced cardiac 
arrest attributable to an obvious noncardiac cause (ie, 
trauma, intoxication, and drowning), were pregnant, 
had missing data on transport time or outcomes, or 
transport time increased because of a medical prob-
lem (ie, cardiac arrest during ambulance transport).

Data Collection
Data collection was based on the Utstein template.15 
Data were collected from the EMS running sheet and 
by review of hospital medical records. Information ob-
tained included age, sex, location of arrest, witness 
status (witnessed arrest or not), provision of bystander 
CPR (yes or no), prehospital return of spontane-
ous circulation, number of EMTs dispatched, level of 
EMT certification, type of life support provided, EMS 
parameters (response time, scene time interval, and 
transport time), neurological outcome by CPC Scale, 
destination hospital’s capability (CAC or not), and initial 
rhythm (shockable or not).

For EMS parameters, the response time was the 
time from an emergency call to EMS arrival on the 
scene. The scene time interval was the time EMS re-
mained at the scene. The transport time was the in-
terval between EMS leaving the scene and arrival at a 
hospital.

To be defined as a CAC in our study, a hospi-
tal had to meet all of the following criteria: (a) cer-
tification by the World Health Organization–Health 
Promoting Hospital network between January 2012 
and December 2016, (b) high case volume of >100 
OHCA patients admitted per year,16 (c) had a cardio-
vascular system emergency consulting team, (d) the 
capacity to perform 24/7 percutaneous coronary in-
tervention, (e) a targeted temperature management 
protocol used in both the emergency department 
and intensive care unit,9 and (f) had the capability to 
perform extracorporeal membrane oxygenation in 
the intensive care unit.17 A hospital was only consid-
ered a CAC during and after the year it received its 
Health Promoting Hospital certification. All CACs in-
cluded in the study had preestablished cardiac arrest 
management protocols for percutaneous coronary 
intervention, extracorporeal membrane oxygenation, 
and targeted temperature management developed 
in accordance with American Heart Association 
guidelines.18,19

To limit potential information and selection bias, 
data were collected from the same database using the 
same template and patients were matched on propen-
sity score. Definitions for CAC and good neurological 
outcome were clearly defined. Also, all EMS followed 
the same rescue service principle of transporting pa-
tients to the medical care institution in the vicinity of 

the location of arrest regardless of the patient’s char-
acteristics; this reduced the possible bias in patient 
selection.

Outcome Measures
The primary outcome was good neurological out-
come at hospital discharge, defined by a CPC grade 
of 1 (good cerebral performance and mild or no neu-
rological disability) or 2 (moderate cerebral disability 
and conscious and able to function independently). 
The secondary outcome was survival to hospital 
discharge.

Statistical Analysis
Categorical variables (eg, sex, arrest location, and 
witness status) were presented as numbers and 
percentages and were compared using a χ2 test. 
Continuous variables (eg, age and EMS parameters) 
were presented as mean and SD or median and in-
terquartile range, as appropriate. The Student t test 
and Mann-Whitney U test were used for normally 
and nonnormally distributed continuous variables, 
respectively.

To reduce selection bias and approximate a ran-
domized scenario, the propensity score matching 
analysis was used to adjust the potential confounding 
factors, where it was trying to make equal probability 
of transporting to CAC and non-CAC. We selected the 
covariates according to the confounders and related 
outcomes.20,21 Covariates that were related to the out-
come, including age, sex, location of arrest, witnessed 
arrest, bystander CPR, number of EMTs, EMT certifi-
cation level, prehospital return of spontaneous circula-
tion, initial rhythms, and type of life support given, were 
put into the model to calculate the propensity score. 
A 1:1 matching without replacement was conducted. 
The algorithm used was 8 to 1 digit match, proceed-
ing sequentially to the lowest digit match on propensity 
score. After 1:1 propensity score matching, logistic re-
gression models were built up to show the relationship 
between EMS time and survival to discharge or good 
neurological outcome at discharge. The odds ratio 
(OR) and adjusted OR (aOR) were reported with 95% 
CI.

Meanwhile, we tried to find an optimal cutoff for 
transport time by means of generalized additive 
model. The transport time value for which there was 
an average probability of an OHCA patient having 
a good CPC was taken as the cut point, which in 
our study was 7.5 minutes (Figure 1). Consequently, 
the transport time was dichotomized into <8 or 
≥8  minutes for subsequent analysis. This cutoff 
and transporting to CAC and non-CAC would be a 
combination factor in the logistic regression model. 
The restricted cubic spline smooth function with 3 
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knots was used to visualize the relationship between 
the probability of a good neurological outcome and 
transport time to CAC. The data were analyzed using 
SPSS software (IBM SPSS Statistics for Windows, 
version 20.0; IBM Corp, NY) and Stata software for 
the restricted cubic spline function (version 13.0; 
StataCorp, College Station, TX), R with generalized 
additive model package, and SAS 9.4 for propensity 
score matching. P<0.05 was considered to be statis-
tically significant.

Ethical Approval
This study was reviewed and approved by the 
Institutional Review Board of Linkou Chang Gung 
Memorial Hospital (201701755B0) with a waiver of in-
formed consent.

RESULTS
Characteristics of Study Subjects
Among the 11 080 OHCA patients, 6655 who met the 
eligibility criteria were included in the present study 
(Figure 2). Baseline characteristics according to des-
tination hospital’s capability before and after propen-
sity score matching are presented in Table 1. Among 
the 6655 cases, 2616 (39.3%) and 4039 (60.7%) were 
transported to non-CACs and CACs, respectively. The 
non-CAC and CAC groups differed significantly in age 
(69.0 versus 67.4 years old; P<0.001), rate of witnessed 
arrest (41.7% versus 44.5%; P=0.03), rate of bystander 
CPR (28.7% versus 32.2%; P=0.003), percentage of 
achieving prehospital return of spontaneous circula-
tion (4.3% versus 5.5%; P=0.02), and percentage of 

Figure 1.  Generalized additive model (GAM) plots showing the relationship between probability 
of having good Cerebral Performance Category (CPC) score and transport time in all out-of-
hospital cardiac arrest patients.
The cut point obtained for the transport time was based on the relationship between transport time and 
probability of having a good CPC. The transport time for which there was an average probability of having 
a good CPC was 7.5 minutes.
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patient with shockable rhythms (21.4% versus 25.8%; 
P <0.001). After propensity score 1:1 matching, 5156 
patients were left, with 2578 patients each in the non-
CAC and CAC groups. Of the 5156 patients, 4215 
(81.7%) presented with nonshockable rhythms and 941 
(18.3%) presented with shockable rhythms. No statis-
tically significant baseline characteristics between the 
non-CAC and CAC groups were found.

Main Results
Transporting patients with nonshockable rhythms 
to a CAC in <8 minutes increased the probability of 
survival to discharge (aOR, 1.41; 95% CI, 1.01–1.99) 
but not a good neurological outcome compared with 
transporting such patients to a non-CAC in <8 min-
utes. On the other hand, patients with shockable 
rhythms transported to a CAC in <8  minutes were 
significantly more likely to survive to discharge (aOR, 
1.95; 95% CI, 1.11–3.41) and have a good neurologi-
cal outcome (aOR, 2.70; 95% CI, 1.40–5.22). In ad-
dition, transporting patients with shockable rhythms 
to a CAC in ≥8 minutes also proved to significantly 
increase the probabilities of survival to discharge 
(aOR, 1.92; 95% CI, 1.25–2.94) and a good neurolog-
ical outcome (aOR, 2.20; 95% CI, 1.29–3.75) com-
pared with transporting such patients to a non-CAC 
in <8 minutes (Table 2).

As transporting patients with shockable rhythms 
to a CAC in ≥8 minutes was associated with a higher 
likelihood of good neurological outcome, it was critical 
to know how the probability of good neurological out-
come changed with a longer transport time. Figure 3 
shows the association between transport time to CAC 
and the probability of a good neurological outcome 
at discharge. The probability of a good neurological 
outcome at discharge decreased to 10.4% (the good 
CPC rate of patients with shockable rhythms) if the 
transport time to CAC was 14.4 minutes and 4.0% (the 
good CPC rate of total patients) if the transport time 
was 36.1 minutes.

DISCUSSION
This study sought to assess the relationship be-
tween transport time to CACs and outcomes in adult 
OHCA patients with nonshockable or shockable initial 
rhythms. Overall, we found that transport to CAC was 
associated with better probabilities of survival to dis-
charge and good neurological outcomes at discharge 
in OHCA patients with shockable rhythms but not in 
those with nonshockable rhythms.

To address whether transport to CAC would be 
beneficial to the outcomes of all OHCA patients, we 
completed a head-to-head comparison of the adult 

Figure 2.  Flow diagram of patient enrollment.
DNR indicates do not resuscitate.

Out-of-hospital cardiac arrest
N=11,080

Enrolled
N=6655

2,396 Excluded:
� Family refused to go to hospitals (DNR order) 

or pronounced dead at the scene: N=2396

2,029 Excluded:
� <18 years old: N=128
� Non-cardiac cause: N=1478

• Trauma: N=1,441
• Intoxication: N=10
• Drowning: N=27

� Missing data: N=200
� Pregnancy: N=3
� Transport time increased due to medical 

problem (i.e. cardiac arrest during ambulance 
transport): N=220
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Table 1.  Baseline Characteristics of the Study Population Before and After PSM Analysis

Characteristics

Before PSM (N=6655) After PSM (N=5156)

Non-CAC 
(N=2616)

CAC 
(N=4039) P Value

Non-CAC 
(N=2578) CAC (N=2578) P Value SMD*

Age, mean (SD), y† 69.0 (17.1) 67.4 (17.3) <0.001‡ 69.3 (17.0) 69.4 (16.9) 0.83 −0.006

<40 150 (5.7) 255 (6.3) 0.008 142 (5.5) 130 (5.0) 0.74 0.02

40–49 228 (8.7) 423 (10.5) 211 (8.2) 221 (8.6) −0.01

50–59 364 (13.9) 629 (15.6) 356 (13.8) 375 (14.5) −0.02

60–69 454 (17.4) 723 (17.9) 449 (17.4) 436 (16.9) 0.01

70–79 509 (19.5) 730 (18.1) 507 (19.7) 477 (18.5) 0.03

≥80 911 (34.8) 1279 (31.7) 913 (35.4) 939 (36.4) −0.02

Sex†

Women 819 (31.3) 1195 (29.6) 0.14 821 (31.8) 796 (30.9) 0.45 0.02

Men 1797 (68.7) 2844 (70.4) 1757 (68.2) 1782 (69.1) −0.02

Location of arrest†

Public 492 (18.8) 775 (19.2) 0.70 491 (19.0) 465 (18.0) 0.35 0.03

Residential 2124 (81.2) 3264 (80.8) 2087 (81.0) 2113 (82.0) −0.03

Witnessed arrest†

Yes 1092 (41.7) 1799 (44.5) 0.03‡ 1099 (42.6) 1105 (42.9) 0.50 −0.006

No 1524 (58.3) 2240 (55.5) 1479 (57.4) 1473 (57.1) 0.006

Bystander CPR†

Yes 752 (28.7) 1299 (32.2) 0.003‡ 759 (29.4) 737 (28.6) 0.52 0.02

No 1864 (71.3) 2740 (67.8) 1819 (70.6) 1841 (71.4) −0.02

No. of EMTs†

2 1562 (59.7) 2385 (59.0) 0.53 1570 (60.9) 1604 (62.2) 0.62 −0.03

3–4 1011 (38.6) 1573 (38.9) 971 (37.7) 937 (36.3) 0.03

5–6 43 (1.6) 81 (2.0) 37 (1.4) 37 (1.4) 0.00

EMT certification level†

Intermediate 1422 (54.4) 2194 (54.3) 0.98 1414 (54.8) 1465 (56.8) 0.15 −0.04

Paramedic 1194 (45.6) 1845 (45.7) 1164 (45.2) 1113 (43.2) 0.04

Type of life support†

BLS 1457 (55.7) 2275 (56.3) 0.61 1448 (56.2) 1498 (58.1) 0.16 −0.04

ALS 1159 (44.3) 1764 (43.7) 1130 (43.8) 1080 (41.9) 0.04

Prehospital ROSC†

Yes 112 (4.3) 224 (5.5) 0.02‡ 117 (4.5) 116 (4.5) 0.95 0.002

No 2504 (95.7) 3815 (94.5) 2461 (95.5) 2462 (95.5) −0.002

AED†

Shockable rhythm 561 (21.4) 1044 (25.8) <0.001‡ 523 (20.3) 533 (20.6) 0.54 −0.007

Nonshockable rhythm 2055 (78.6) 2995 (74.2) 2055 (79.7) 2045 (79.4) 0.007

EMS parameter

Response time, median (IQR), min 7 (5–9) 7 (5–9) 0.01‡ 7 (5–9) 7 (6–9) 0.006

Scene time interval, median (IQR), min 11 (9–14) 12 (9–15) 0.01‡ 11 (9–14) 11 (9–14) 0.01

Transport time, median (IQR), min 5 (3–7) 5 (3–8) <0.001‡ 5 (3–7) 5 (3–7) <0.001‡

Transport distance, mean (SD), km 5.3 (2.8) 6.3 (5.7) <0.001‡ 5.9 (4.1) 6.1 (5.3) 0.47

CPC

1 46 (1.8) 129 (3.2) <0.001‡ 46 (1.8) 59 (2.3) 0.002‡

2 21 (0.8) 68 (1.7) 19 (0.7) 35 (1.4)

3 22 (0.8) 75 (1.9) 21 (0.8) 41 (1.6)

4 41 (1.6) 107 (2.6) 40 (1.6) 57 (2.2)

5 2486 (95.0) 3660 (90.6) 2452 (95.1) 2386 (92.6)

Values are expressed as number (percentage) unless otherwise specified. AED indicates automated external defibrillator; ALS, advanced life support; BLS, 
basic life support; CAC, cardiac arrest center; CPC, Cerebral Performance Category; CPR, cardiopulmonary resuscitation; EMS, emergency medical service; 
EMT, emergency medical technician; IQR, interquartile range (25%–75%); PSM, propensity score matching; ROSC, return of spontaneous circulation; and SMD, 
standardized mean difference.

*For assessing balance after matching.
†Propensity score adjusted variable.
‡P<0.05.
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OHCA patients transported to a non-CAC and CAC 
in our study. After propensity score 1:1 matching, our 
findings showed that OHCA patients transported to 

a CAC had a higher rate of good neurological out-
come at discharge (CPC 1 and 2) compared with 
those transported to a non-CAC (3.7% versus 2.5%); 

Table 2.  Result of Logistic Regression Analysis of Survival to Discharge and Good Neurological Outcome at Discharge by 
EMS Parameter According to Initial Rhythms After PSM

Variables

Survival to Discharge Good Neurological Outcome

OR (95% CI) P Value aOR (95% CI) P Value OR (95% CI) P Value aOR (95% CI) P Value

Nonshockable rhythm after PSM (N=4215)

Response time 0.92 (0.86–0.98) 0.003* 0.92 (0.87–0.97) 0.003* 0.83 (0.76–0.92) <0.001* 0.84 (0.76–0.93) 0.001*

Scene time interval 0.99 (0.96–1.03) 0.63 0.99 (0.96–1.02) 0.56 0.97 (0.91–1.02) 0.20 0.96 (0.91–1.02) 0.16

Transport time

To non-CAC <8 min Reference group Reference group Reference group Reference group

To non-CAC ≥8 min 0.93 (0.53–1.62) 0.79 0.96 (0.55–1.67) 0.88 0.81 (0.36–1.84) 0.62 0.83 (0.36–1.89) 0.65

To CAC <8 min 1.38 (0.98–1.94) 0.06 1.41 (1.01–1.99) <0.05* 1.02 (0.61–1.69) 0.95 1.07 (0.64–1.78) 0.81

To CAC ≥8 min 1.14 (0.74–1.76) 0.56 1.19 (0.77–1.85) 0.44 0.51 (0.22–1.15) 0.10 0.53 (0.23–1.20) 0.13

Shockable rhythm after PSM (N=941)

Response time 0.92 (0.86–0.98) 0.02* 0.92 (0.86–0.99) 0.03* 0.94 (0.86–1.02) 0.11 0.93 (0.85–1.01) 0.10

Scene time interval 1.01 (0.97–1.05) 0.78 0.99 (0.95–1.04) 0.80 0.99 (0.94–1.04) 0.74 0.98 (0.93–1.03) 0.46

Transport time

To non-CAC <8 min Reference group Reference group Reference group Reference group

To non-CAC ≥8 min 0.40 (0.12–1.32) 0.13 0.45 (0.13–1.49) 0.19 0.28 (0.03–2.32) 0.34 0.54 (0.12–2.35) 0.41

To CAC <8 min 1.92 (1.26–2.94) 0.002* 1.95 (1.11–3.41) 0.02* 2.50 (1.31–4.80) 0.006* 2.70 (1.40–5.22) 0.003*

To CAC ≥8 min 1.78 (1.03–3.10) 0.04* 1.92 (1.25–2.94) 0.003* 2.18 (1.28–3.71) 0.004* 2.20 (1.29–3.75) 0.004*

aOR indicates adjusted OR; CAC, cardiac arrest center; EMS, emergency medical service; OR, odds ratio; and PSM, propensity score matching.
*P<0.05.

Figure 3.  Probability of good neurological outcome vs transport time from a restricted cubic 
spline model.
CPC indicates Cerebral Performance Category.
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this finding is in line with those of a previous study.22 
This suggests that the post–cardiac arrest care that 
a CAC offers plays a significant role in the probabil-
ity of a good neurological outcome.23 Our study as 
well as previous studies9,10 have all defined CACs on 
the basis of their availability and type of post–car-
diac arrest care. However, besides the post–cardiac 
arrest care that a CAC offers, it also requires an in-
tegrated and multidisciplinary approach to improve 
OHCA outcomes, which future research should pay 
attention to.

For the transport time to CAC, a previous study 
found that OHCA patients transported to a CAC 
demonstrated better rates of survival (OR, 3.19; 95% 
CI, 1.64–6.22) and good neurological outcomes (OR, 
2.34; 95% CI, 1.43–3.85) than those transported to a 
non-CAC, even though the transport time to a CAC 
was 20 minutes longer.12 This implies that increasing 
the time spent on direct transport to CACs is safe and 
beneficial. However, this poses another challenge to 
optimal EMS operation: such a bypass may remove 
an EMS unit from service for a longer time.24 To de-
termine the optimal transport time associated with 
favorable outcomes, our present study proposed a 
cutoff point for transport time (ie, <8  minutes) using 
generalized additive model. Our results showed that 
transporting OHCA patients with shockable rhythms 
to CACs proved to be associated with better odds of 
survival to discharge and a good neurological outcome 
at discharge regardless of transport time; this relation 
did not hold for patients with nonshockable rhythms. 
However, as depicted in Figure  3, the probability of 
good neurological outcome decreased over transport 
time. More specifically, it decreased to <10% when the 
transport time exceeded 14.4  minutes (notably, 10% 
was also the proportion of good CPC of the OHCA 
patients with shockable rhythms group of our study) 
and <4.0% when the transport time exceeded 36 min-
utes (notably, 4% was the proportion of good CPC of 
our total study population). Therefore, our results for 
transport time may be of interest to and may serve as 
a reference for EMS in deciding whether to bypass the 
nearest hospital to a CAC to increase the probability of 
a better OHCA outcome.

In addition, our study revealed that the other EMS 
parameter (ie, response time) had a negative associa-
tion with survival to discharge and good neurological 
outcome at discharge in OHCA patients with non-
shockable rhythms (Table  2). A previous study con-
ducted by Herlitz et  al25 found that longer response 
time decreased the odds of survival in OHCA patients 
with nonshockable rhythms. The authors stated that 
it may be explained by shorter response time enables 
an earlier start of good CPR and life support provision, 
thereby increasing the chance of survival. In addition, 
Kim et al26 also reported that delayed response time 

with longer scene time interval decreased the odds 
of survival to discharge. Although a longer scene time 
interval decreased the likelihood of survival, it is im-
portant that EMTs do not compromise the time for the 
essential process of EMS, such as CPR duration and 
life support provision at scene.

Limitations
This study was limited by its retrospective nature. 
Information was lacking about the underlying diseases 
of the study population. Statistical bias may have been 
introduced by the limited local population and selection 
bias. Other hospital characteristics in addition to the 
designation of CAC that might impact OHCA outcomes 
were not collected and analyzed. Moreover, the present 
study’s results may not be generalized to other coun-
tries because of the difference in geographical location. 
Although all OHCA patients were transported to the 
nearest hospital, the transport time could be influenced 
by distance, geographic location, and traffic. Despite 
some limitations, our study addressed which OHCA 
patient subgroups (ie, patients with either shockable 
or nonshockable initial rhythms) may benefit more from 
being treated in CACs and the effect of transport time 
to CACs on survival and neurological outcomes. Our re-
sults encourage the consideration of direct ambulance 
delivery to CACs, especially when the OHCA patient 
presents with shockable rhythms. To be sure, further 
controlled study is needed to confirm these findings.

CONCLUSIONS
Transportation to a CAC, regardless of time spent 
en route, was associated with higher probabilities of 
survival to discharge and good neurological outcome 
at discharge in OHCA patients with shockable initial 
rhythms but not in those with nonshockable initial 
rhythms. Transportation to a CAC in a shorter time 
solely increased the likelihood of survival to discharge 
in OHCA patients with nonshockable rhythms.
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