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Objective We aimed to determine the incidence, processes of care, and outcomes in out-of-hos-
pital cardiac arrests (OHCA) in Ansan, South Korea.

Methods From the Ansan Fire Department's (1-1-9 emergency call number) Emergency Medical
Services (EMS) database, we obtained a list of adult cardiac arrest cases occurring between Jan-
uary 2008 and December 2011. We excluded cases with obvious non-cardiac causes, such as
trauma, drowning, hanging, and asphyxia. We matched the EMS data with in-hospital care and
outcome data. We analyzed basic demographic variables (age and gender), the time and place of
incidence, witnesses, bystander cardiopulmonary resuscitation (CPR), major time variables, CPR
instructions during transport, initial cardiac rhythm at the scene, and automated defibrillator use.

Results The overall incidence of OHCA in Ansan was 33.1/100,000 persons per year. Out of 778
adult OHCAs in our study population, bystander CPR was provided in 103 cases (13.2%). Of the
517 OHCAs whose initial rhythms were confirmed, 85 (16.4%) showed shockable rhythms, but
only 23 (27.1%) received defibrillation at the scene or during transportation. Of the 106 patients
whose spontaneous circulation returned at the hospital, only 6 (5.7%) received mild therapeutic
hypothermia. During the study period, 31 patients (4%) survived to discharge from hospitals, and
6 of these discharged patients (19.4%) showed favorable neurologic outcomes.

Conclusion While the survival rate from OHCA in Ansan is very low, this study provides basic in-
formation needed to create improvements. Our analysis suggests that multiple variables contrib-
ute to the low OHCA survival rate. Several of these variables are modifiable; addressing them is
a clear first step toward strengthening the chain of survival from OCHA in Ansan.
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What is already known

Capsule
Summary

What is new in the current study

ince, Korea.

The survival rate from out of hospital cardiac arrest in Korea is still low compared with other developed countries.
Moreover, the survival rates in small cities near the capital are much lower than that of Seoul metropolitan area.

To improve survival rate from out-of-hospital cardiac arrests (OHCA), multiple variables should be modified, according
to the local features. This study is the first step necessary in improving survival within small cities in Gyeonggi-do prov-

INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) is one of the leading causes
of death, and it is regarded as an important public health issue.'
Developed countries have established community response sys-
tems for OHCA, achieving remarkable improvement, but OHCA
outcomes still vary greatly among cities and countries."*

South Korea has recently shown increased interest in OHCA,
making efforts to improve its survival rate. For example, the Ko-
rean Center for Disease Control and Prevention launched a Car-
diovascular Disease Surveillance project to collect OHCA data in
South Korea.® While this database provides a national picture of
the state of OHCA, the information it contains is insufficient for a
detailed understanding of OHCA in specific communities.

Effective responses to OHCA require emergency medical ser-
vices (EMS), hospitals, and the public to integrate care and con-
tinually monitor interventions.®” To work toward this ideal re-
sponse, healthcare organizations must first understand the cur-
rent state of OHCA treatment in their community. This study
aimed to assess the state of OHCA treatment in Ansan City by
analyzing the OHCA incidence, processes of care, and outcomes
in Ansan City. Our analysis of this information provides a baseline
from which this community can work toward improved OHCA
outcomes. To our knowledge, this is the first study in South Korea
to describe in detail a regional community's response to OHCA.

METHODS

Study setting
Ansan City is approximately a one-hour drive from Seoul Metro-

politan City and has an area of approximately 150 km?. It consists
of residential, commercial, agricultural, and large industrial com-
plexes. As of 2012, the population of Ansan was 759,402 (391,819
men and 367,583 women).? Prehospital EMS in Ansan City are
provided by the Fire Department (1-1-9 emergency call number),
which is a governmental organization. The Ansan Fire Depart-
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ment has 10 ambulance stations located throughout the city. The
department currently employs 23 level | and 25 level [I EMS pro-
viders and two short-term trained emergency medical techni-
cians. Only level | EMS providers may perform advanced airway
management procedures (orotracheal intubation and supraglottic
airway insertion) and initiate peripheral intravenous access (under
the supervision of medical directors). EMS providers are trained
to perform cardiopulmonary resuscitation (CPR) in all cases of
cardiac arrest, unless there is evidence of irreversible death (rigor
mortis or decapitation) or a ‘Do not resuscitate' card is present.

Study design and participants

This was a retrospective cohort review of adult (18 years or older)
OHCA in which cardiac arrest was recognized by EMS providers
of the Ansan Fire Department (excluding cases in which arrest
occurred after EMS arrival). Using the Ansan Fire Department
EMS database, we obtained a list of adult cardiac arrest cases
between January 2008 and December 2011. We excluded from
the sample all cases with obvious non-cardiac causes, such as
trauma, drowning, hanging, and asphyxia.

Data collection and processing

The importance of OHCA to public health prompted Ansan City
officials to form the "Committee for Development in Emergency
Medical Responses in Ansan City." The committee members were
directors and managers of the city's Public Health Center, repre-
senting the Fire Department's EMS providers and physicians from
the Emergency Medical Centers.

Our team of two trained researchers (one nurse and one emer-
gency physician) used the EMS database of the Ansan Fire De-
partment to gather information about OHCA response in Ansan
City. We gathered information on basic demographics (age and
gender), the time and place of incidence, witnesses, bystander
CPR, CPR instructions during transport, initial cardiac rhythm at
the scene, use of an automated defibrillator and major time vari-
ables: time between emergency call and EMS arrival, EMS time
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spent at the scene, and transport time to the hospital.

We also examined hospital data on our sample. There are 12
hospitals in Ansan City to which cardiac arrest patients are trans-
ported (A through L). A is a regional emergency medical center
with approximately 400 beds, B is a regional emergency medicine
clinic with approximately 300 beds, and C is a university hospital
that functions as a regional emergency medical center with ap-
proximately 600 beds. D through L are hospitals of about 100
beds. We were able to match charts from these hospitals with
the corresponding emergency medical transportation (EMT) data
by comparing patients’ names (when available on EMT charts),
ages, and times of transport to the hospital.

Hospital medical records were obtained in two steps: (1) hos-
pitals received a patient list and a form to fill out and (2) the
trained investigators visited the hospitals to verify the data and
collect any missing information. Through the medical records in-
vestigation, we obtained information on the recovery of sponta-
neous circulation (ROSC), survival and postcardiac arrest care, in-
cluding whether therapeutic hypothermia (TH) was delivered and
whether coronary angiography was performed. The primary out-
come we examined was survival to discharge, measured using the
cerebral performance category (CPC) score in patients' medical
records at the time of discharge or transfer. The report forms and
data elements in this study were based on the Utstein style re-
porting template.’

Statistical analysis

Prehospital and hospital data were entered into a Microsoft Excel
(Microsoft Co., Redmond, VA, USA) spreadsheet, then transferred
to the Stata 12.1 (StataCorp, College Station, TX, USA) program
for statistical analysis. Normally distributed continuous data are
reported as a mean +standard deviation (SD), and non-normally
distributed continuous data are reported as a median with an ac-
companying interquartile range (IQR). A chi-square test was used
to compare categorical variables. A multivariable model analyzed
age, sex, witness status, public location, bystander CPR, EMS re-
sponse interval, and initial EMS rhythm. The decision to include
these covariates was based on the scientific understanding that
these characteristics can influence resuscitation prognosis. Hos-
mer and Lemeshow tests were used to evaluate modeling fitness.
A multivariate logistic regression analysis was performed to iden-
tify factors that significantly influenced survival outcomes. We
calculated odds ratios (OR) to determine the strength of these
associations, using 95% confidence intervals.

Ethics statement
This study was approved by the Institutional Review Board of Ko-
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rea University Ansan Hospital (IRB number: AS 12014). Under the
board's approval, we were exempted from obtaining written in-
formed consent from enrolled patients.

RESULTS

During the study period, the total number of EMS-assessed OHCA
patients was 1,218, and resuscitation was attempted in 1,083
cases. After excluding cases involving trauma, drowning, asphyx-
ia, and arrests that occurred after EMS arrival, we analyzed 778
adult OHCA cases. The adjusted incidence of OHCA was approxi-
mately 33.1/100,000 persons per year. The mean age of the pati-
ents was 64.9 + 18.2 years. There were 458 male patients (58.9%)
and 320 female patients (41.1%) (Table 1). The core data elements
of OHCAs in Ansan City are displayed in Fig. 1 according to the
Utstein reporting template.

Overall, 31/778 patients (4%) survived to discharge during the
study period. Neurological outcomes were confirmed in 21/31
(67.7%) discharged patients: 6/31 (19.4%) had a favorable neu-
rological outcome (CPC score of 1 or 2) and 12/31 (38.7%) had a
poor neurological outcome (CPC score of 4).

Community-level variables

Of the 778 cases, 295 (37.9%) were witnessed. Bystander CPR
was provided in 103 cases (13.2%). No cases of automated exter-
nal defibrillation were reported. Location information indicated
that 511/778 of these cardiac arrests (65.7%) occurred in resi-
dential areas, and the remaining 267/778 (34.3%) occurred in
public places (Fig. 1).

Table 1. Characteristics of included out-of-hospital cardiac arrest cases
(n=778)

Characteristic No. of patients (%)

Gender

Male 458 (58.9)

Female 320 (41.1)
Age (yr), mean+SD 64.9+18.2
Location

Private home 511 (65.7)

Public 200 (25.7)

Unknown 67 (8.6)
Witnessed by bystander 295 (37.9)
Resuscitation attempted by bystander 103 (13.2)
AED application by bystander 0
Initial rhythm at the scene®

Shockable 85 (16.4)

Not shockable 432 (83.6)

IThis does not include the 261 patients whose initial rhythms were not recorded
at the scene.
AED, automated external defibrillator.

www.ceemjournal.org
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1,218 Absence of signs of circulation and/or considered for
resuscitation

. '

135 Resuscitation not 1,083 Resuscitation
attempted attempted

!

778 Adult OHCAs presumed
cardiac cause

778 Location of arrest (o)

511 Home (65.7)
200 Public place (25.7) i
34 Work place (4.4) First monitored rhythm (%)
43 Road (5.5) 85 shockable
9 Hotel (1.2) 83 VF (10.7)
10 Sauna (1.3) 2VT(0.3)
3 School (0.4) 432 Nonshockable
87 Nursing home (11.2) 115 Asystole (14.8)

14 Medical practice (1.8)
67 Unknown (8.6)

317 PEA (40.8)
261 Unknown

!

Outcomes (%)
31 Discharged alive (4.0)
Neurologic outcome at discharge
6 CPC 10r2(19.4)
15 CPC 3 or 4 (48.4)
10 Unknown (32.3)

295 Arrest witnessed (37.9%)
483 Not witnessed (62.1%)

103 CPR before EMS arrival
(13.2%)

Fig. 1. The core data elements of out-of-hospital cardiac arrests (OHCASs)
in Ansan City according to the Utstein reporting template.

VF, ventricular fibrillation; VT, ventricular tachycardia; PEA, pulseless elec-
trical activity; EMS, emergency medical service; CPC, cerebral perfor-
mance category.

EMS-level variables

The median response time between the report of the incident and
the arrival of EMS providers was 6 minutes (IQR, 5 to 9 minutes).
EMS providers spent a median of 5 minutes (IQR, 3 to 8 minutes)
at the scene to resuscitate and prepare patients for transport. The
median transportation distance to the hospital was 2 km (IQR, 1.5
to 3.5 km), and the median transportation time was 5 minutes
(IQR, 3 to 6 minutes).

Of the 778 OHCASs, the initial cardiac rhythm at the scene was
confirmed in 517/778 (66.5%) cases. Among these, 85/517
(16.4%) showed shockable rhythms, 115/517 (22.3%) showed
pulseless electrical activity and 317/517 (61.3%) showed asystole.
Of the 83 cases of ventricular fibrillation and the two cases of
ventricular tachycardia that required defibrillation, only 23 pa-
tients (27.1%) received defibrillation by EMS providers prior to
arrival at the hospital.

Clin Exp Emerg Med 2014;1(2):94-100
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Table 2. Prearrival CPR instructions by emergency medical service pro-
viders and provision of bystander CPR

Prearrival CPR Bystander CPR provision

, n P-value
instruction Total Yes No
Yes m 57 (51.4) 54 (48.7) <0.001
No 667 46 (6.9) 621(93.1)
Total 778 103 (13.2) 675 (86.8)

Values are presented as number (%).
CPR, cardiopulmonary resuscitation.

Table 3. Number of transferred out-of-hospital cardiac arrest (OHCA)
patients and survival rate by hospital

Hospital®” Transferred patients Discharged alive
A 191 8 (4.2)
B 17 3(1.8)
C 148 9(6.1)
D 61 2(3.3)
E 59 2(3.4)
F 42 0
G 34 2 (5.9)
H 28 1(3.4)
| 22 2(9.1)
J n 1(9.1)
K 6 1(16.7)
L 5 0
Total 778 31 (4)

Values are presented as number (%).

“Listed as the order of the number of transferred OHCA patients. A is a regional
emergency medical center with approximately 400 beds. B is a regional emer-
gency medicine clinic with approximately 300 beds. C is a teaching tertiary uni-
versity hospital that functions as a regional emergency medical center with ap-
proximately 600 beds. The hospitals D through L are hospitals containing about
100 beds.

In 111/778 cases (14.3%), 1-1-9 prearrival telephone CPR in-
structions were given to bystanders, and 57/111 patients (51.4%)
received bystander CPR (Table 2). The probability of bystander
CPR was significantly higher for cases in which prearrival CPR in-
structions were provided to the lay rescuers.

Hospital-level variables

Patients were transported to one of 12 hospitals in the Ansan
City area. The number of patients and their survival rates by hos-
pital are shown in Table 3. Table 4 shows the results of integrated
postresuscitation care and the survival rates in the 3 hospitals
that treated 100 or more OHCA patients during the study period.
Of the 106 ROSC patients, only 6 (5.7%) received mild therapeu-
tic hypothermia. Survival rates differed among hospitals, but
these differences were not statistically significant.
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Table 4. Postresuscitation care and survival rates in the major transfer
hospitals

Hospital No-of = posce eI mry  Discharged
patients alive

A 148 26(176)  8(54) 5(3.4) 9 (6.1)

B 191 51267) 3(18) 0 8 (42)

c 7 20070 202 108 3018

Total 510 106(08) 13(26) 612  20(39)

Values are presented as number (%).

JP=0.042, "P=0.125.

ROSC, return of spontaneous circulation; PCI, percutaneous coronary interven-
tion; MTH, mild therapeutic hypothermia.

Multivariate analysis for survival to discharge

In the multivariate logistic regression analysis, victim's age, loca-
tion of arrest, witness of arrest and initial rhythm were signifi-
cantly correlated with survival to discharge (Table 5). Patient
gender, bystander CPR, and time between emergency call and
EMS arrival were not statistically significant.

DISCUSSION

Despite numerous large-scale training efforts and multiple itera-
tions of guidelines, OHCA remains a leading cause of death and a
major public health problem in the industrialized world.'* Surviv-
al is very low in most jurisdictions, and there are large variations
in survival rates. Such variability is presumably related to the ex-
tent to which important interventions are implemented; immedi-
ate recognition of cardiac arrest, early CPR with an emphasis on
chest compressions, rapid defibrillation, effective advanced life
support, and integrated postcardiac arrest care are all believed to
improve survival rates."*%'® The American Heart Association re-
fers to these aspects of the OHCA response as the chain of sur-
vival.? Strengthening this chain requires setting and meeting
standards for implementing these interventions in EMS systems,
hospitals, and the public.®’

In Korea, various efforts have been made to determine OHCA
incidence and survival rates.>"" To our knowledge, however, this is
the first study to report on the incidence, processes of care, and
outcomes from OHCA in a specific regional community in Korea
using the standardized Utstein template.” Accurate and on-going
measurement is believed to be a fundamental component of any
system of resuscitation care.® It is essential, therefore, to have not
only national but also regional OHCA data in order to measure
and track incidence, individual interventions, and the overall ef-
fectiveness of response systems. While we found the overall OHCA
survival rate in Ansan City to be very low (4%, with 6/778 [0.8%)]
having a good neurological outcome), our results are similar to
those previously published in Korea and significantly lower than
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Table 5. The multivariate logistic regression model for survival to dis-
charge

Characteristic Adjusted OR* 950 CI* P-value
Gender

Male 1.00

Female 1.16 039 345 0.788
Age (yr) 094 091 097 <0.001
Location of arrest

Private home 1.00

Public place 3.64 140 945 0.008
Arrest witnessed

No 1.00

Yes 3.58 1.35 9.50 0.010
Bystander CPR provided

No 1.00

Yes 0.93 030 291 0.902
Initial rhythm

Non-shockable 1.00

Shockable 412 1.61 10.52 0.003
Call to EMS arrival time

7 min or less 297 099 893 0.052

*0dds ratio (OR) and 95% confidence interval (Cl) was calculated with adjust-
ment for related factors (gender, age, location of arrest, witness, bystander car-
diopulmonary resuscitation [CPR], initial rhythm, and time between emergency
call and emergency medical service [EMS] arrival).

results found in many reports from Europe, North America, and
Japan.'*® We believe that while the survival rates we found were
low, this report is a key step in the process of improving outcomes
from OHCAs in Ansan City. Accurately measuring incidence, pro-
cesses, and outcomes will guide the standards of care by showing
whether specific interventions are improving, having no impact
or even lowering survival rates.

The chain of survival, composed of early recognition and EMS
activation, early bystander CPR, rapid defibrillation, effective ad-
vanced life support and integrated postcardiac arrest care is im-
portant for enhancing the OHCA survival rate.® Our study suggests
that in Ansan City there are several links in the chain of survival
that need to be strengthened. Of the 778 adult OHCA cases of
presumed cardiac etiology, 295/778 (37.9%) were witnessed by
first responders, and this result was not significantly different from
that of previous studies.*™® Nevertheless, only 103/778 (13.2%)
received bystander CPR, a rate significantly lower than those re-
ported in other studies.*'®™ Considering the large impact bystand-
er CPR has on survival,"*" this deficit likely contributes to Ansan
City's very low survival rate. One of our strategies going forward
will be to target large-scale public and dispatch CPR education,
training, and outreach aimed at improving bystander CPR. Of the
103 cases in which patients received bystander CPR, CPR instruc-
tions were given by dispatchers in 57/103 cases (55.3%). As shown
in Table 2, when lay rescuers were provided with CPR instructions
by dispatch personnel, the rate of bystander CPR was significantly

www.ceemjournal.org
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higher than the rate without instructions (51.4% vs. 6.9%, P<
0.001). This finding suggests that dispatcher guidance is effective
in increasing the incidence of prearrival CPR. Prearrival CPR in-
struction, in fact, has been suggested as a cost-effective strategy
for increasing bystander CPR rates and OHCA survival.'*'® Of the
778 OHCA cases in our study, EMS personnel provided CPR in-
structions only in 111 cases (14.3%). This finding reveals a clear
opportunity for system improvement, especially since Ansan City
has no standardized protocol for dispatcher-guided bystander
CPR instruction. Another important strategy, then, will be to im-
plement a 1-1-9 training program that focuses on instructing
dispatchers to recognize cardiac arrest and instruct callers on
how to perform chest compressions.

Rapid defibrillation has been shown to improve the likelihood
of good outcomes following OHCA.%’ In our study, the rate of
trained EMS rescuer defibrillation for patients who required it
was only 27.1%. Our data suggest that EMS providers should re-
ceive more complete training with an emphasis on identification
of ventricular dysrhythmias and the need for immediate defibril-
lation.

In its 2010 guidelines, the American Heart Association added
integrated postcardiac arrest care to the chain of survival® Ap-
propriate postcardiac arrest care, including, when indicated, mild
therapeutic hypothermia or percutaneous coronary intervention,
is believed to be critical for obtaining good outcomes from
OHCA."?" Qur results showed that mild therapeutic hypothermia
and coronary angiocardiography were performed infrequently
during in-hospital postcardiac arrest care in the 3 medical insti-
tutions that treated more than 100 OHCA patients during the
study period. While Ansan City hospitals already have standard
guidelines for in-hospital postcardiac arrest care, our findings in-
dicate that these are not being followed. Emergency care facili-
ties in Ansan city need prompt education and continuing assess-
ment and feedback to reinforce the importance of these postar-
rest procedures. Of the 12 medical institutions in Ansan City that
accept cardiac arrest patients, 7 received fewer than 50 cardiac
arrest patients in 4 years. Considering the human resources,
equipment and facilities available at these low-volume institu-
tions, integrated postcardiac arrest care may require the creation
of a regional community plan for patient transportation after
ROSC.>>*

This study has several limitations. We retrospectively reviewed
all of the available EMS and hospital data using the Utstein style
of reporting, but it is possible that our data capture was incom-
plete, and there may have been some ascertainment bias with re-
gard to the determination of arrest etiology. It is also possible
that EMS and hospital databases contained erroneous informa-
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tion. Differences in the style and integrity of medical records
among the 12 hospitals studied might have affected the accuracy
of hospital data collection. Furthermore, our study of the survival
group was limited, as the total number of patients and the num-
ber of patients who survived until discharge was small. More
standardized electronic data collection may, in the future, help
overcome such limitations.

In summary, our analysis of the incidence, processes of care
and outcomes of OHCA in Ansan City, Korea, showed its survival
rate to be very low. This is likely related to multiple variables with-
in the chain of survival, several of which are modifiable. Our re-
sults identified key areas for improvement, a first step necessary
in increasing OHCA survival in Ansan City. Our findings should
prompt the Ansan City medical and public policy communities to
join together, creating a comprehensive plan for an effective, in-
tegrated resuscitation system that will strengthen the OHCA chain
of survival in Ansan City.
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