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Abstract

Aim: Patients with OHCA who are not transported directly to a percutaneous coronary intervention (PCI)-capable hospital may eventually undergo an

inter-hospital transfer (IHT). The aim of the present study was to investigate the effects of route of admission to a PCI centre among patients with OHCA.

Methods: We included patients with OHCA of presumed cardiac aetiology that were admitted to a PCI centre between January 2015 and December

2016. The exposure variable was route of admission: direct versus indirect. The ‘direct’ group was defined as patients who were transferred directly from

the field to a PCI centre by emergency medical service (EMS) providers. The ‘indirect’ group was defined as patients who underwent IHT from a non-PCI

centre to a PCI centre. The primary outcome was neurological recovery. We evaluated the effects of route of admission using multivariable logistic

regression analysis after adjusting for potential confounders.

Results: There were total of 4363 eligible patients: 3488 (78.2%) in the direct group and 975 (21.8%) in the indirect group. Neurologic recovery was

better in the direct group (38.0%) than in the indirect group (29.0%). After adjusting for potential confounders, indirect admission was negatively

associated with outcomes (adjusted odds ratio [aOR] 0.70; 95% confidence interval [CI] 0.58�0.85).

Conclusions: The route of admission to a PCI centre is associated with neurological recovery among resuscitated patients with OHCA of presumed

cardiac aetiology. This has implications for regionalized EMS transport and IHT protocols for patients with OHCA.

Keywords: Out-of-hospital cardiac arrest, Patient transfer, Coronary intervention, Percutaneous

Introduction

Out-of-hospital cardiac arrest (OHCA) is a major health problem
because of its increasing incidence and high fatality rate.1 A recent
meta-analysis reported that the annual incidence of OHCA per
100,000 people was 54.6 in North America, 35.0 in Europe, and 28.3 in
Asia.2 Survival and neurological outcomes remain notoriously dismal
(6%�9%) and are subject to regional variation.3,4

Regionalization of care is recommended to improve outcomes for
patients with OHCA, as well as patients with ST-segment elevation

myocardial infarction (STEMI) and trauma.5 The 2015 American Heart
Association guidelines recommend direct transport to a specialized
cardiac resuscitation centre (CRC) for patients with OHCA.6 The
capability to deliver emergency percutaneous coronary intervention
(PCI) is crucial for CRCs. Recently, several studies have reported that
direct transport to PCI-capable hospitals is associated with better
outcomes, not only for STEMI patients, but among OHCA patients in
general.7�9

Although the international consensus is that direct transport to a
PCI-capable hospital is desirable, in some regions emergency
medical service (EMS) providers transport OHCA patients to the
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nearest hospital because of non-regionalized protocols.7,10 Patients
with OHCA who are not transported directly to a PCI-capable hospital
may eventually undergo an inter-hospital transfer (IHT). Several
previous studies have reported adverse outcomes among transferred
patients with OHCA.7,11 However, these studies were conducted in
single centres or within a single geographic region. Here, we report our
findings based on analysis of a national OHCA database, which
encompasses multiple regions.

The objective of this study was to compare outcomes between
patients who were directly transported to PCI-capable hospitals and
those who underwent IHT. We hypothesized that there would be no
significant differences in outcomes according to the route of admission
among patients with OHCA.

Methods

Study setting

The Korean EMS is a multi-tiered system for patients with OHCA and
is operated by fire departments.12 According to the national pre-
hospital protocol; EMS providers should transport patients with OHCA
to the nearest emergency department (ED), regardless of the PCI
capacity of the receiving hospital. However, there are no regional
CRCs in Korea. The majority of community hospitals do not have
protocols for IHT of OHCA patients. Mobile intensive units (MICUs) for
IHT have been adopted in only one metropolitan region (Seoul) in
Korea since 2016.13

Study design and participants

This was a cross-sectional observational study that analysed data
from a national Korean EMS-assessed OHCA registry. The pre-
hospital data were probabilistically linked to information from medical
records held at the hospitals to which patients were transported. Data
held by hospitals that patients were transferred to were similarly linked
based on patient demographics, time of arrival at the hospital, and the
names of the hospitals. Trained medical reviewers extracted data
information on outcomes using an Utstein template.14 Detailed
information regarding the data quality management processes of
the national EMS-assessed OHCA registry have been described
previously.15

We enrolled adult EMS-treated patients with OHCA of presumed
cardiac aetiology who were admitted to PCI-capable hospitals from
January 2015 to December 2016. We determined PCI capability
whether the hospitals were designated as regional cardiovascular
centres or accredited by the Korean Society of Interventional
Cardiology (KSIC). As of 2015, 11 regional cardiovascular centres
were designated as such by the Korean Ministry of Health and
Welfare,16 and 97 hospitals were KSIC-accredited for PCI.17 These
institutions offer 24/7 PCI availability and operated educational and
quality assurance programs pertaining to treatment of cardiovascular
disease. To verify performance, these hospitals should carry out at
least 100 or more interventional procedures a year.17

We excluded patients who were transferred from PCI-capable or
unknown referring hospitals. We also excluded patients who had
unknown ED disposition or outcomes.

The study was approved by the Institutional Review Board of Seoul
National University Hospital, and the need for informed consent was
waived (IRB number: H-1401-090-550).

Outcomes and variables

The primary outcome in this study was neurological recovery, defined
as a Cerebral Performance Category (CPC) score of 1 or 2 at
discharge.18 A score of 1 indicates mild or no neurologic deficit;
2 indicates moderate cerebral disability, 3 severe cerebral disability,
4 coma or vegetative state, and 5 brain death. The secondary outcome
was survival to discharge.

The main exposure variable was route of admission to the PCI-
capable hospital. We categorized patients into direct and indirect
(transferred) groups. The direct group was defined as patients who
were directly transported from the field to a PCI-capable hospital by
EMS. The indirect group was defined as patients transferred from non-
PCI-capable hospitals to PCI-capable hospitals.

Patient demographic and socioeconomic status (SES) data
were collected; type of medical insurance was used as a proxy of
SES (non-medical aid vs. medical aid).19 Information regarding
community urbanization level (rural, urban, or metropolitan) was
collected.20 We also collected data about the circumstances of
OHCA, such as witness status, location (public vs. non-public
location) and initial echocardiography (ECG) rhythm (shockable
vs. non-shockable). Prehospital care information was collected,
such as bystander cardiopulmonary resuscitation (CPR), elapsed
time before arrival of the EMS provider. Response time interval
was defined as the interval between the EMS call to arrival at the
scene. Transport time interval (TTI) was defined as the interval
between scene departure and arrival at the hospital. We also
collected information on the transfer distance (TD) between the
referring and receiving hospital. The TD was measured based on
the shortest driving distance between the referring and receiving
hospitals using an electronic map.

Statistical analysis

Demographic characteristics were analysed according to route of
admission. Categorical variables are reported as counts and
percentages and were compared via cross-tabulation analysis using
the chi-square method. Differences in the distribution of EMS time
intervals were examined using Wilcoxon rank-sum tests for
continuous variables. Two-sided tests were conducted, and a p
value <0.05 was considered statistically significant.

We evaluated the effects of indirect admission on outcomes using
multivariable logistic regression analysis. The adjusted odds ratios
(aOR) were calculated (95% confidence interval [CI]) for the exposure
variable after adjustment for potential confounding factors, such as
Utstein variables.

We performed sensitivity analysis of the OHCA patients who
achieved ROSC on scene using the same multivariable logistic
regression model. These patients are likely candidates for the bypass
protocol, which bypasses hospitals with insufficient PCI capacity. The
distances between hospitals were calculated in intervals of 10 km, and
the proportion of patients within each interval was determined.

Results

Of the 36,259 EMS-assessed adults with presumed cardiac-origin
OHCA during the study period, 44.7% were directly transported
to PCI-capable hospitals. Among these patients, 3488 (21.5%)
were admitted to a hospital. Among patients who were initially
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transported to non-PCI-capable hospitals, 975 (6.4%) were
transferred to a PCI-capable hospital. A total of 4463 eligible
patients were thus admitted to PCI-capable hospitals, excluding
patients who were transferred from PCI-capable hospitals or from
unknown referring hospitals (Fig. 1).

The baseline characteristics among study groups are compared in
Table 1. Among 4363 eligible patients, the direct group included 3488
(78.2%) and the indirect group included 975 (21.8%). The direct group
had a higher proportion of males, younger individuals, and cases with
shockable rhythm and prehospital ROSC compared with the indirect
group. Survival (55.2% vs. 45.8%; p = 0.001) and neurological
recovery (38.0% vs. 29.0%; p = 0.001) rates were higher in the direct
group compared with the indirect group. After adjusting for potential
confounders, indirect admission was negatively associated with
outcomes (aOR: 0.67; 95% CI: 0.53�0.84 for neurological recovery,
and aOR: 0.70; 95% CI: 0.58�0.85 for survival) (Table 2).

The sensitivity analysis for patients who achieved ROSC on scene
showed similar results. Among patients admitted to PCI-capable
hospitals with OHCA, 1436 (32.2%) achieved ROSC on scene.
Table 3 shows the demographic characteristics of the patients in this
subgroup according to route of admission. The direct group had higher
proportions of males and cases with initial shockable rhythm. Rates of
survival (86.3% vs. 73.5%, respectively; p = 0.001) and neurological
recovery (71.8% vs. 62.9%, respectively; p = 0.001) were higher in the
direct group compared with the indirect group. After adjusting for
potential confounders, the indirect group showed poorer outcomes
(aOR: 0.64; 95% CI: 0.46�0.89 for neurological recovery and aOR:
0.41; 95% CI: 0.28�0.59 for survival) (Table 4).

Fig. 2 shows the distribution of TD in 10 km intervals. The proportion
of patients within each interval decreased with distance from the
hospital. Within the indirect group, 27.6% patients were transferred to
PCI-capable hospitals within 10 km. Interestingly, among patients
who achieved ROSC on scene, a small peak in TD was observed
around 40�50 km.

Discussion

This nationwide study of OHCA cases with presumed cardiac origin
found that direct EMS transport to a PCI-capable hospital was
associated with improved neurological recovery and survival to
discharge compared with transfer via non-PCI-capable hospitals. This
association remained significant across the subgroup of patients who
achieved ROSC on scene.

The indirect group had poorer outcomes compared with the direct
group, even after adjustment for potential cofounders. There are several
possible explanations for these results. Firstly, it is possible that
transferred patients experienced insults such as hypotension or hypoxia
during IHT. In the previous study, 6% of patients experienced a re-arrest,
and 23% of patients with OHCA experienced critical events during IHT;
neurologic recovery was less frequent in patients who experienced such
critical events during IHT.21 Secondly, delayed post-resuscitation care in
the indirect group could be associated with poor outcomes. Previous
studies have reported that patients who received PCI for 150 min or
longer after arrest were less likely to show neurological recovery
compared with those who received an early intervention.22 In the indirect
group, patients would have been delayed by the ED length of stay and the
IHT time, at the minimum. Finally, the indirect group had arrest
characteristics suggesting poor prognosis for the outcomes that were
assessed; this is consistent with previous studies,8 and is considered to
be dueto transport decisions made forpatients during the prehospital and
hospital phases. In the prehospital phase, EMS providers are more likely
to transport patients who have favourable prognostic factors to a
PCI-capable hospital, even if it is not the nearest hospital. In the present
study, TTI was longer in the indirect group than in the direct group. In the
hospital phase, patients showing full neurological recovery in the ED are
not likely to be transferred to PCI-capable hospitals. A previous study
suggested that IHT criteria should include neurological impairment after
ROSC (Glasgow Coma Scale score < 6).23

Fig. 1 – Flow of patient selection.
OHCA: out-of-hospital cardiac arrest, ED: emergency department, PCI: percutaneous coronary intervention.
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We performed sensitivity analysis for the OHCA patients who
achieved ROSC on scene. These patients are good candidates for
the bypass protocol, which bypasses non-PCI-capable hospitals.
These results could be used to determine the benefits of applying
regionalized transport protocols. Several regionalized protocols
target OHCA patients who achieve ROSC in the field.23 A previous
study suggested that the time required for patients with OHCA to
bypass the nearest hospital is about 14 min.24 In Arizona, EMS
providers can transport patients with OHCA to CRCs when feasible;
transporting a patient to a CRC will add less than 15 min to the
transport time compared with delivering the patient to a non-CRC.23

Based on an assumed average transport speed of 50 km/h, the
distance that can be covered in 15 min is about 10 km. Within the

indirect group, 27.6% of patients were transferred to PCI-capable
hospitals within 10 km in this study.

Fig. 2 illustrates an interesting feature of TD, namely, a small peak
around 40�50 km. Assuming that the patients were transported by
ground, the most common transportation method in Korea, patients
within this small peak would have been in transit for more than 1 h.
Although they may have been expected to be able to withstand long
transfer times because of their stable condition, this time in transit still
poses a risk. This group accounts for more than 20% of all IHT
patients.

This study had several limitations. Firstly, clinical and physiological
characteristics in post-resuscitation states, such as mental status and
haemodynamic instability, were not considered. Secondly, we did not

Table 1 – Baseline characteristics and clinical outcomes according to the route of admission.

Total Indirect group Direct group p-Value

(n = 975) (n = 3488)

N (%) N (%)

Sex 0.0026
Male 3292 686 (70.4) 2606 (74.7)

Age group (year) 0.0225
>65 1864 437 (44.8) 1427 (40.9)
�65 2599 538 (55.2) 2061 (59.1)

Medical insurance 0.55
National healthcare insurance 4162 909 (93.2) 3253 (93.3)
Medical benefit system 301 66 (6.8) 235 (6.7)

Community urbanization 0.0001
Metropolitan 3169 345 (35.4) 2824 (81.0)
Rural 333 216 (22.2) 117 (3.4)
Urban 961 414 (42.5) 547 (15.7)

Place of arrest 0.186
Non public 3353 748 (76.7) 2605 (74.7)
Public 1110 227 (23.3) 883 (25.3)

Witnessed by bystander 0.332
Yes 3193 699 (71.7) 2494 (71.5)

Bystander CPR 0.11
Yes 1250 276 (28.3) 974 (27.9)

Initial ECG rhythm 0.012
Non-shockable 2253 519 (53.2) 1734 (49.7)
Shockable 2210 456 (46.8) 1754 (50.3)

Prehospital ROSC 0.007
Yes 2095 411 (42.2) 1684 (48.3)

EMS time interval (minute median (IQR))
Response time 7 (5�9) 6 (5�8) 0.0001
Transport time 5 (3�10) 6 (4�10) 0.0001

Clinical outcomes
Survival to discharge 2374 447 (45.8) 1927 (55.2) 0.0001
Neurological recovery 1607 283 (29.0) 1324 (38.0) 0.0001

Abbreviations: CPR, cardiopulmonary resuscitation; ECG, electrocardiography; ROSC, return of spontaneous circulation; IQR, inter-qutile range.

Table 2 – Multivariable analysis of clinical outcomes in total cohort.

Indirect, n/N (%) Direct, n/N (%) Adjusted OR (95% CI)

Neurologic recovery 283/975 (29.0) 1324/3488 (38.0) 0.67 (0.53�0.84)
Survival 447/975 (45.8) 1927/3488 (55.2) 0.70 (0.58�0.85)

Adjusted variables: Age, sex, socioeconomic status, urbanization level of arrest, place of arrest, witness status, bystander CPR, initial rhythm, prehospital return of
spontaneous circulation, and response time interval.
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include the IHT process, during which critical events may occur that affect
outcomes; we could not directly measure the effect of critical events
during IHT on outcomes. Finally, we had no information on post-
resuscitation care at PCI-capable hospitals in the indirect group. There
were controversies over differences in the rate of post-resuscitation care,

suchasPCIandtargetedtemperaturemanagement (TTM)dependingon
the route of admission (direct vs. indirect). A previous study reported that
indirectly transported patients received more TTM compared with directly
transported patients (27.6% vs. 46.3%).25 Conversely, another study
reported no difference in early coronary angiograms between direct and
indirect groups.8

Conclusions

Direct transport to a PCI-capable hospital is associated with outcome
benefit for patients with OHCA. This has implications for regionalized
EMS transport and IHT protocols for patients with OHCA.

Table 3 – Baseline characteristics and clinical outcomes according to the route of admission in patients were
achieved prehospital return of circulation on scene.

Total Indirect group Direct group, p-Value

(n = 275), (n = 1161)

N (%) N (%)

Sex 0.018
Male 1155 207 (75.3) 948 (81.7)

Age group (year) 0.204
>65 403 86 (31.3) 317 (27.3)
�65 1033 189 (68.7) 844 (72.7)

Medical insurance 0.87
National healthcare insurance 1369 263 (95.6) 1106 (95.3)
Medical benefit system 67 12 (4.4) 55 (4.7)

Community urbanization 0.001
Metropolitan 1028 97 (35.3) 931 (80.2)
Rural 102 49 (17.8) 53 (4.6)
Urban 306 129 (46.9) 177 (15.3)

Place of arrest 0.94
Non public 181 (65.8) 767 (66.1)
Public 488 94 (34.2) 394 (33.9)

Witnessed by bystander 0.74
Yes 1132 219 (79.6) 913 (78.6)

Bystander CPR 0.56
Yes 296 53 (19.3) 243 (20.9)

Initial ECG rhythm 0.09
Non-shockable 248 57 (20.7) 191 (16.5)
Shockable 1188 218 (79.3 970 (83.6)

EMS time interval (minute median (IQR))
Response time 6 (5�9) 6 (5�8) 0.17
Transport time 5 (3�9) 7 (4�11) 0.001

Clinical outcomes
Survival to discharge 1204 202 (73.5) 1002 (86.3) 0.001
Neurological recovery 1007 173 (62.9) 834 (71.8) 0.001

Abbreviations: CPR, cardiopulmonary resuscitation; ECG, electrocardiography; IQR, inter-qutile range.

Fig. 2 – Distribution of interhospital transfer distance for
all patients, and for prehospital return of the spontane-
ous circulation cohort.

Table 4 – Multivariable analysis of clinical outcomes in
patients were achieved prehospital return of
circulation on scene.

Indirect,
n/N (%)

Direct,
n/N (%)

Adjusted
OR

(95% CI)

Neurologic
recovery

173/275 (62.9) 834/1161 (71.8) 0.64 (0.46�0.89)

Survival 202/275 (73.5) 1002/1161 (86.3) 0.41 (0.28�0.59)
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