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ABSTRACT

Background: Survival and post-cardiac arrest care vary considerably by hospital, region, 
and country. In the current study, we aimed to analyze mortality in patients who underwent 
cardiac arrest by hospital level, and to reveal differences in patient characteristics and 
hospital factors, including post-cardiac arrest care, hospital costs, and adherence to changes 
in resuscitation guidelines.
Methods: We enrolled adult patients (≥ 20 years) who suffered non-traumatic cardiac arrest 
from 2006 to 2015. Patient demographics, insurance type, admission route, comorbidities, 
treatments, and hospital costs were extracted from the National Health Insurance Service 
database. We categorized patients into tertiary hospital, general hospital, and hospital 
groups according to the level of the hospital where they were treated. We analyzed the 
patients' characteristics, hospital factors, and mortalities among the three groups. We also 
analyzed post-cardiac arrest care before and after the 2010 guideline changes. The primary 
end-point was 30 days and 1 year mortality rates.
Results: The tertiary hospital, general hospital, and hospital groups represented 32.6%, 
49.6%, and 17.8% of 337,042 patients, respectively. The tertiary and general hospital groups 
were younger, had a lower proportion of medical aid coverage, and fewer comorbidities, 
compared to the hospital group. Post-cardiac arrest care, such as percutaneous coronary 
intervention, targeted temperature management, and extracorporeal membrane 
oxygenation, were provided more frequently in the tertiary and general hospital groups. After 
adjusting for age, sex, insurance type, urbanization level, admission route, comorbidities, 
defibrillation, resuscitation medications, angiography, and guideline changes, the tertiary 
and general hospital groups showed lower 1-year mortality (tertiary hospital vs. general 
hospital vs. hospital, adjusted odds ratios, 0.538 vs. 0.604 vs. 1; P < 0.001). After 2010 
guideline changes, a marked decline in atropine use and an increase in post-cardiac arrest 
care were observed in the tertiary and general hospital groups.
Conclusion: The tertiary and general hospital groups showed lower 30 days and 1 year 
mortality rates than the hospital group, after adjusting for patient characteristics and 
hospital factors. Higher-level hospitals provided more post-cardiac arrest care, which led to 
high hospital costs, and showed good adherence to the guideline change after 2010.
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INTRODUCTION

Despite global efforts to develop and improve treatments, cardiac arrest is a major global 
health problem and remains a leading cause of mortality.1,2 The estimated number of annual 
out-of-hospital cardiac arrest (OHCA) occurrences is 95 per 100,000 population in the United 
States,3 67 to 170 per 100,000 population in Europe,4 and 60 per 100,000 population in 
South Korea.5 The annual incidence of in-hospital cardiac arrest (IHCA) has been reported 
as 6–7 cases per 1,000 hospital admissions in the United states,6 and as 1.5–2.8 per 1,000 
hospital admissions in Europe.4 The annual incidence of IHCA in South Korea, however, has 
not been widely studied. The survival to hospital discharge rates for OHCA are 8.5% and 8% 
in the United states and Europe, respectively,3,4 and the survival rate of OHCA is < 8.7% in 
South Korea.5

The incidence and mortality of cardiac arrests vary according to patient characteristics 
such as age, sex, and urbanization of the residential area.7-9 Moreover, several studies have 
indicated an association between mortality and hospital level or volume.10-12 High-level 
hospitals or academic medical centers produced better survival rates due to their ability to 
facilitate specialized post-cardiac arrest care such as early coronary intervention and targeted 
temperature management (TTM).10-12 However, Cudnik et al.13 found no independent 
association between hospital volume and survival after adjusting for patient characteristics, 
initial rhythm, the witnessed arrest, presence of bystander cardiopulmonary resuscitation 
(CPR). They also emphasized that resources and personnel, not hospital volume, were key 
indicators of resuscitation care to improve arrest outcome and to deliver high quality post-
cardiac arrest care.

Although standardized resuscitation guidelines are updated and implemented 
internationally, there remain variations in survival and post-cardiac arrest care by hospital, 
region, and country.2,3 Specialized centers such as cardiac arrest centers have sufficient 
resources for post-cardiac arrest care such as early coronary intervention, and therefore may 
be effective for improving patient outcomes.14

In this study, we aimed to analyze the characteristics and mortality of patients who suffered 
cardiac arrest, by hospital level, using the National Health Insurance Services (NHIS) 
database, which covers the entire Korean population and medical institutes. We also sought 
to reveal differences in post cardiac arrest care and hospital costs by hospital level, and 
compare treatments before and after the changes in the resuscitation guidelines.

METHODS

Data source
Data were obtained from the Korean NHIS claim database, and were collected from January 
2006 to December 2015. The NHIS represents a unique single insurer under a national 
healthcare system, which covers 96% of the Korean population and a medical aid program 
that covers 3–4% of the population. The database contains de-identified information on all 
insurance claims, including basic demographics, type of health insurance, diagnosis as coded 
by the International Classification of Diseases, 10th edition (ICD-10), and information on the 
type of medical institution admission, treatments, mortality rates, and hospital costs.15
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Study population
We identified patients with suffered cardiac arrest during their index hospitalization using 
the claim codes for a CPR procedure (M5871, M5873-7) between 2006 and 2015. Index 
hospitalization was defined as the first instance of hospitalization in which a claim was made 
for a CPR procedure code. When there was another admission, including an emergency room 
(ER) visit or a hospitalization episode in a different hospital within 2 days, we defined them 
as one index hospitalization event and patients were included in the latter hospital. We used 
CPR procedure codes instead of diagnosis codes as Cho et al.16 previously reported that the 
use of ICD-10 diagnosis codes alone was an insensitive method for identifying cardiac arrest 
patients, and that the use of procedure codes showed better sensitivity and positive predictive 
value for identifying patients who have suffered cardiac arrest in South Korea.

Patients were included in the study if they had undergone cardiac arrest, were ≥ 20 years old, 
had a claim code for a CPR procedure between 2006 and 2015, and had 1-year follow up data 
until 2016. Patients were excluded if they were < 20 years old, had a trauma-related diagnosis 
code (S or T) or a code from an oriental medical institute, drug store, or dentist, had a second 
or later event of cardiac arrest, or had missing data (Fig. 1).

Definition of variables
From the NHIS database, we collected information on patient's age, sex, urbanization level 
of the residential area, level of hospital at index hospitalization; comorbidities, which were 
differentiated by diagnostic codes at the medical institute before index hospitalization, 
and Charlson Comorbidity Index (CCI) by referring to diagnostic codes and hospital 
information.17 A disease was defined as “Comorbidity” when the relevant diagnostic code 
was recorded at least twice within 1 year during visits to clinics, or when a patient had one or 
more hospitalizations within 2 years before index hospitalization (Supplementary Table 1). 
The urbanization level of the residential area was classified based on the geographical region 
of the administrative divisions, while considering the population.

Patients were categorized into tertiary hospital, general hospital and hospital groups 
according to where they were admitted. The level of hospital is classified by the Ministry of 
Health and Welfare, according to designation criteria that take the level of medical service, 
function of medical care and training, human resources, and facilities into account. Tertiary 
hospitals have more than 20 professional departments with a resident training function, 
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Patients with CPR procedure code from January 2006 to December 2015 (n = 420,411)

Excluding
Age < 20 yr (n = 20,367)
Including diagnosis code S or T (n = 44,822)
2nd and later event of cardiac arrest (n = 18,146)
Unclear or missing data (n = 34)

Selection of study subjects (n = 337,042)

Tertiary hospital
109,863 (32.6%)

General hospital
167,307 (49.6%)

Hospital
59,872 (17.8%)

Fig. 1. Flowchart of the study patient selection. 
CPR = cardiopulmonary resuscitation.



general hospitals have a minimum of 100 beds with 7–9 professional departments, and 
hospitals are defined as health care institutions with a minimum of 30 beds. We extracted 
details about specific treatments including defibrillation, extracorporeal membrane 
oxygenation (ECMO), percutaneous coronary intervention (PCI), coronary angiography 
(CAG), coronary artery bypass graft (CABG), continuous renal replacement therapy 
(CRRT), hemodialysis, electroencephalography (EEG), TTM, and several medications from 
information on reimbursements for each medical service (Supplementary Table 2). The 
estimated total hospital costs, length of hospital stay (hospitalization days), and length of 
intensive care unit stay (ICU days) were also extracted.

Study outcomes
The primary end point was the mortality rate within 30 days and 1 year of the index date. The 
secondary endpoints were hospitalization days, ICU days, short term hospital costs (within 30 
days of the index date), and long-term hospital costs (from 31 days to 1 year from the index date). 
The exchange rate was assumed to be 1,155 Korean won per 1 United States dollars (USD).

Statistical analysis
Demographic data are described using proportions for categorical variables and means with 
standard deviations (SDs) for the continuous variables, at 30 days and 1 year follow-ups. Chi-
square tests were used for categorical variables, while t-tests and analysis of variance were 
used to compare averages for continuous variables. Adjusted odds ratios (aORs) with 95% 
confidence intervals were calculated using multiple logistic regression analysis. Age, sex, 
insurance type, urbanization level, admission route, comorbidities, resuscitation medication 
(epinephrine and atropine), defibrillation, angiography, and guideline changes were adjusted 
to determine the association between hospital-level and 30 days and 1 year mortality rates. 
All P values were two-tailed with a significance threshold of P < 0.05. All statistical analyses 
were performed using SAS ver. 9.4 (SAS Institute, Cary, NC, USA).

Ethics statement
The study was approved by the Institutional Review Board (IRB) of the Korea University 
Medical Center (IRB No. 2017AN0083). The requirement for informed consent was waived 
due to the retrospective nature of the study and because it was based on a de-identified 
administrative database.

RESULTS

Data from a total of 337,042 patients were obtained from the NHIS database from January 
2006 to December 2015. Patients were categorized into three groups according to the level of 
the hospital where they were admitted. The tertiary hospital, general hospital, and hospital 
groups accounted for 32.6%, 49.6%, and 17.8% respectively (Fig. 1).

The tertiary hospital group had the youngest mean age (tertiary hospital vs. general hospital vs. 
hospital, mean ± SD, years: 64.9 ± 14.8 vs. 67.1 ± 14.7 vs. 72.1 ± 14.0, P < 0.001). The proportion 
of elderly patients > 75 years (tertiary hospital vs. general hospital vs. hospital, %: 29.0 vs. 36.3 
vs. 51.5, P < 0.001) and medical coverage (tertiary hospital vs. general hospital vs. hospital, 
%: 10.5 vs. 15.4 vs. 21.3, P < 0.001) were lowest in the tertiary hospital group. The tertiary and 
general hospital groups had the highest proportion of admissions through the ER (tertiary 
hospital vs. general hospital vs. hospital, %: 76.0 vs. 79.1 vs. 32.6, P < 0.001) (Table 1).
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The severity of illness, reflecting comorbidities and indexed by CCI score, was lower in the 
tertiary and general hospital groups than in the hospital group. A sub-group analysis was 
conducted for comorbidities, which showed higher proportions of cancer (24.0%), ischemic 
heart disease (22.9%), arrhythmia (10.5%), and chronic renal failure (10.1%) in the tertiary 
hospital group. The proportion of patients with hypertension or diabetes mellitus taking 
antihypertensive or antihyperglycemic agents was higher in the tertiary hospital group than 
in the hospital group (Table 2).

There were notable treatment differences among the three groups. Defibrillation (tertiary hospital 
vs. general hospital vs. hospital, %: 29.2 vs. 31.2 vs. 22.6, P < 0.001) was used more frequently in 
the tertiary and general hospital groups. Post-cardiac arrest care, including CAG, PCI, ECMO, 
CRRT, and TTM, was more frequently performed in the tertiary and general hospital groups than 
in the hospital group. The mortality at 30 days (tertiary hospital vs. general hospital vs. hospital, 
%, 81.6 vs. 84.4 vs. 90.4, P < 0.001) and 1-year (tertiary hospital vs. general hospital vs. hospital, 
%, 90.4 vs. 94.5 vs. 95.1, P < 0.001) were lowest in the tertiary hospital group (Table 3).
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Table 1. Characteristics of patients according to hospital levels
Variables Total, No. (%) Tertiary hospital General hospital Hospital P value
Age, yr, mean ± SD (No.) 64.9 ± 14.8 (109,863) 67.1 ± 14.7 (167,307) 72.1 ± 14.0 (59,872) < 0.001
Age group, yr

20–39 15,806 (4.7) 6,826 (6.2) 7,437 (4.5) 1,543 (2.6)
40–64 111,016 (32.9) 41,131 (37.4) 56,498 (33.8) 13,387 (22.4)
65–74 86,820 (25.8) 30,031 (27.3) 42,633 (25.5) 14,156 (23.6)
75–84 89,835 (26.7) 24,920 (22.7) 44,771 (26.8) 20,144 (33.7)
> 85 33,565 (10.0) 6,955 (6.3) 15,968 (9.5) 10,642 (17.8)

Sex, male 203,273 (60.3) 67,916 (61.8) 102,672 (61.4) 32,685 (54.6) < 0.001
Insurance type < 0.001

National health insurance 286,641 (85.1) 98,185 (89.5) 141,376 (84.6) 47,080 (78.7)
Medical aid 50,077 (14.9) 11,571 (10.5) 25,784 (15.4) 12,722 (21.3)

Urbanization level < 0.001
Metropolitan 142,915 (42.5) 59,016 (53.9) 64,614 (45.2) 19,285 (32.3)
Urban 142,560 (42.4) 36,633 (33.4) 82,247 (57.7) 23,680 (39.6)
Rural 50,633 (15.1) 13,885 (12.7) 19,974 (12.0) 16,774 (28.1)

Admission through ER 235,337 (69.8) 83,507 (76.0) 132,341 (79.1) 19,489 (32.6) < 0.001
ER = emergency room.

Table 2. Comorbidities of patients according to hospital levels

Variables Total, No. (%) Tertiary hospital General hospital Hospital P value
Charlson Comorbidity Index < 0.001

0–1 115,627 (34.3) 37,568 (34.2) 61,230 (36.6) 16,829 (28.1)
2–4 122,705 (36.4) 39,048 (35.5) 60,420 (36.1) 23,237 (38.8)
5–7 60,223 (17.9) 19,238 (17.5) 28,638 (17.1) 12,347 (20.6)
≥ 8 38,487 (11.4) 14,009 (12.8) 17,019 (10.2) 7,459 (12.5)

Cancer 67,183 (19.9) 26,365 (24.0) 28,796 (17.2) 12,022 (20.1) < 0.001
Ischemic stroke 67,025 (19.9) 18,062 (16.4) 31,885 (19.1) 17,078 (28.5) < 0.001
Hemorrhagic stroke 12,648 (3.8) 3,190 (2.9) 5,529 (3.3) 3,929 (6.6) < 0.001
Ischemic heart disease 72,198 (21.4) 25,117 (22.9) 35,273 (21.1) 11,808 (19.7) < 0.001
Heart failure 39,152 (11.6) 12,435 (11.3) 19,233 (11.5) 7,484 (12.5) < 0.001
Arrhythmia 33,635 (10.0) 11,515 (10.5) 16,170 (9.7) 5,950 (9.9) < 0.001
Hypertension 188,119 (55.8) 59,575 (54.2) 92,927 (55.5) 35,617 (59.5) < 0.001
Hypertension + medicationa 134,121 (39.8) 44,157 (40.2) 68,359 (40.9) 21,605 (36.1) < 0.001
Diabetes mellitus 117,736 (34.9) 38,747 (35.3) 58,602 (35.0) 20,387 (34.1) < 0.001
Diabetes mellitus + medicationb 63,933 (19.0) 21,486 (19.6) 33,086 (19.8) 9,361 (15.6) < 0.001
Chronic pulmonary disease 105,599 (31.3) 31,931 (29.1) 51,961 (31.1) 21,707 (36.3) < 0.001
Chronic renal failure 30,266 (9.0) 11,081 (10.1) 15,232 (9.1) 3,953 (6.6) < 0.001
aHypertension + medication, patients with hypertension taking antihypertensive medication; bDiabetes mellitus + medication, patients with diabetes mellitus 
taking antihyperglycemic agents.



To examine the potential association between hospital level and mortality, we adjusted 
for age, sex, insurance type, urbanization level, admission route, CCI, comorbidities, 
defibrillation, resuscitation medication, angiography, and guideline changes through 
multiple logistic regression. The aOR for 30 days (tertiary hospital vs. general hospital vs. 
hospital, 0.372 vs. 0.419 vs. 1, P < 0.001) and the aOR for 1-year (tertiary hospital vs. general 
hospital vs. hospital, 0.538 vs. 0.604 vs. 1, P < 0.001) are presented in Table 4.

We compared hospitalization days, ICU days, short- and long-term hospital costs per patient 
among the three groups. The tertiary and general hospital groups had longer hospitalization 
and ICU days than the hospital group, and both groups had higher hospital costs especially 
within 30 days (tertiary hospital vs. general hospital vs. hospital, USD 5,486 vs. 3,167 vs. 
1,086, P < 0.001) (Table 5). Moreover, the short-term hospital costs were 5 times higher in the 
tertiary hospital group than the hospital group. We also performed subgroup analysis of the 
hospitalization days and costs in survivors at 1-year (Supplementary Table 3).

Following the guideline change in 2010, the administration of atropine decreased from 91.5% 
to 45.6% in the tertiary hospital group, from 86.1% to 50.5% in the general hospital group, 
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Table 3. Medications, procedures, outcomes of patients according to hospital levels
Variables Total, No. (%) Tertiary hospital General hospital Hospital P value
Defibrillation 97,805 (29.0) 32,065 (29.2) 52,203 (31.2) 13,537 (22.6) < 0.001
Epinephrine 304,928 (90.5) 104,384 (95.0) 154,509 (92.4) 46,035 (76.9) < 0.001
Atropine 218,748 (64.9) 73,523 (66.9) 111,604 (66.7) 33,621 (56.2) < 0.001
Amiodarone 45,825 (13.6) 20,879 (19.0) 24,032 (14.4) 914 (1.5) < 0.001
Coronary angiography 20,756 (6.2) 10,473 (9.5) 10,216 (6.1) 67 (0.1) < 0.001
PCI 13,206 (3.9) 6,420 (5.8) 6,741 (4.0) 45 (0.1) < 0.001
CABG 1,041 (0.3) 720 (0.7) 320 (0.2) 1 (0.00) < 0.001
CRRT 23,356 (6.9) 13,265 (12.1) 10,056 (6.0) 35 (0.1) < 0.001
Brain CT 67,728 (20.1) 26,682 (24.3) 36,047 (21.6) 4,999 (8.4) < 0.001
Brain MRI 15,802 (4.7) 7,159 (6.5) 8,176 (4.9) 467 (0.8) < 0.001
EEG 15,907 (4.7) 8,892 (8.1) 6,887 (4.1) 128 (0.2) < 0.001
TTM 3,064 (0.9) 2,264 (2.1) 800 (0.5) 0 (0.00) < 0.001
30-day mortality 284,976 (84.2) 89,687 (81.6) 141,197 (84.4) 54,092 (90.4) < 0.001
6-mon mortality 306,695 (92.7) 97,854 (89.1) 152,236 (91.0) 56,605 (94.5) < 0.001
1-yr mortality 309,661 (93.6) 98,981 (90.1) 153,752 (92.0) 56,928 (95.1) < 0.001
PCI = percutaneous coronary intervention, CABG = coronary artery bypass graft, CRRT = continuous renal replacement therapy, CT = computed tomography, MRI 
= magnetic resonance imaging, EEG = electroencephalogram, TTM = targeted temperature management.

Table 4. Multiple logistic analysis for short-, mid-, and long-term mortality by hospital levels

Variables Death within 30 days Death within 6 mon Death within 1 yr
aORa 95% CI P value aOR 95% CI P value aOR 95% CI P value

Tertiary 0.372 (0.358–0.386) < 0.001 0.504 (0.480–0.529) < 0.001 0.538 (0.511–0.566) < 0.001
General 0.419 (0.404–0.434) < 0.001 0.568 (0.542–0.595) < 0.001 0.604 (0.575–0.634) < 0.001
Hospital 1 - - 1 - - 1 - -
aOR = adjusted odds ratio, CI = confidence interval.
aAdjusted for age, sex, insurance type, urbanization level, admission route, comorbidities, defibrillation, medication (epinephrine and atropine), angiography, 
and guideline change through logistic regression analysis of the relationship between level of hospital on death within 30 days, 6 months, and 1 year.

Table 5. Hospitalization days and hospital costs according to hospital levels
Variables Tertiary hospital General hospital Hospital P value
Hospitalization days 9.6 ± 16.01 (109,863) 8.32 ± 14.57 (167,307) 7.66 ± 10.74 (59,872) < 0.001
ICU days 8.94 ± 13.37 (54,071) 8.25 ± 12.55 (80,123) 7.06 ± 9.57 (6,758) < 0.001
Hospital costs (USD) during 30-day stay 5,486 ± 7,645 (109,863) 3,167 ± 4,649 (167,307) 1,086 ± 1,532 (59,872) < 0.001
Hospital costs (USD) from 30-day to 1-yr stay 19,702 ± 24,746 (12,841) 15,274 ± 19,213 (16,964) 11,723 ± 15,596 (3,543) < 0.001
ICU = intensive care unit.
1 USD = 1,155 W.



and remained similar in the hospital group, from 56.4% to 55.8%. The measurement of 
end tidal carbon dioxide (CO2) increased in the tertiary and general hospital groups. Post-
cardiac arrest care, including CAG, PCI, ECMO, and TTM, was more commonly provided 
in the tertiary and general hospital groups after the guideline change (Table 6). The patient 
demographics before and after the guideline change are shown in Supplementary Table 4.

DISCUSSION

In this study, we found variations in the characteristics and mortality of patients who suffered 
cardiac arrest, by the level of hospital. The high-level hospital groups (tertiary and general 
hospital groups) had lower mortality after adjusting for patient and hospital factors. These 
variations in mortality may be affected by patients’ characteristics, post-cardiac arrest care, 
and adherence to changes in guidelines.

Regarding patients' characteristics, the patients in the tertiary and general hospital groups 
were younger, had a lower proportion of medical aid coverage, and fewer comorbidities. On 
account of the fact that elderly patients are more likely to have multiple comorbidities and 
to be denied aggressive treatments during both intra- and post-cardiac arrest,7 older age is 
known to be associated with poor outcome after OHCA as well as IHCA.7,18 The proportion 
of a CCI < 2 was higher in the tertiary and general hospital groups than that in the hospital 
group. The CCI is an indicator of the severity and complexity of comorbidities, and an 
increasing CCI was associated with increased risk of mortality in cardiac arrest patients.19 
The lower proportion of medical aid coverage in the tertiary and general hospital groups 
could also influence the mortality rate, as several studies reported that lack of adequate 
insurance coverage could impact outcomes after both IHCA and OHCA due to disparities in 
access to health care or differential delivery of medical treatments after admission.20,21

This study showed that post-cardiac arrest care was more commonly provided in the tertiary 
and general hospital groups, especially in short-term period. Growing evidence supports 
a role for post-cardiac arrest care that can reverse the underlying cause of arrest and limit 
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Table 6. Medications and procedures before and after guideline changes, by hospital levels
Variables Tertiary hospital General hospital Hospital

Before After P value Before After P value Beforea Afterb P value
Defibrillation 16,333 (32.0) 15,732 (26.8) < 0.001 26,507 (34.8) 25,696 (28.2) < 0.001 7,606 (22.5) 5,931 (22.8) 0.338
Epinephrine 56,344 (95.8) 48,040 (94.1) < 0.001 85,251 (93.6) 69,258 (90.9) < 0.001 21,165 (81.4) 24,870 (73.5) < 0.001
Atropine 46,720 (91.5) 26,803 (45.6) < 0.001 65,580 (86.1) 46,024 (50.5) < 0.001 19,109 (56.4) 14,512 (55.8) 0.104
Amiodarone 9,152 (17.9) 11,727 (20.0) < 0.001 9,962 (13.1) 14,070 (15.4) < 0.001 341 (1.0) 573 (2.2) < 0.001
CAG 4,146 (8.1) 6,327 (10.8) < 0.001 3,607 (4.7) 6,609 (7.3) < 0.001 23 (0.1) 44 (0.2) < 0.001
PCI 2,642 (5.2) 3,778 (6.4) < 0.001 2,388 (3.1) 4,353 (4.8) < 0.001 15 (0.1) 30 (0.1) 0.002
CAGB 377 (0.7) 343 (0.6) 0.002 150 (0.2) 170 (0.2) 0.632 1 (0.0) 0 (0.0) 0.381
ECMO 515 (1.0) 2,103 (3.6) < 0.001 243 (0.3) 1,061 (1.2) < 0.001 0 (0.0) 1 (0.0) 0.657
ETCO2 1,969 (3.9) 7,747 (13.2) < 0.001 1,584 (2.1) 4,938 (5.4) < 0.001 62 (0.2) 4 (0.0) < 0.001
CRRT 5,031 (9.9) 8,234 (14.0) < 0.001 3,453 (4.5) 6,603 (7.3) < 0.001 12 (0.1) 23 (0.1) 0.008
Brain CT 12,207 (23.9) 14,475 (24.6) 0.006 16,735 (22.0) 19,312 (21.2) < 0.001 2,735 (8.1) 2,264 (8.7) 0.006
Brain MRI 3,366 (6.6) 3,793 (6.5) 0.348 3,632 (4.8) 4,544 (5.0) 0.037 230 (0.7) 237 (0.9) 0.001
EEG 3,657 (7.2) 5,235 (8.9) < 0.001 2,620 (3.4) 4,267 (4.7) < 0.001 62 (0.2) 66 (0.3) 0.064
TTM 65 (0.1) 2,199 (3.7) < 0.001 14 (0.1) 786 (0.9) < 0.001 0 (0.0) 0 (0.0) 0.084
aBefore: January 2006 to December 2010, bAfter: January 2011 to December 2015.
CAG = coronary angiography, PCI = percutaneous coronary intervention, CABG = coronary artery bypass graft, ECMO = extracorporeal membrane oxygenation, 
ETCO2 = end tidal carbon dioxide, CRRT = continuous renal replacement therapy, CT = computed tomography, MRI = magnetic resonance imaging, EEG = 
electroencephalogram, TTM = targeted temperature management.



ischemia-reperfusion injury that often occurs in cardiac arrest.22 CAG and PCI are necessary 
to correct cardiac etiologies of myocardial infractions.23 ECMO is an invasive and resource-
intensive bridge treatment for maintaining organ perfusion and correcting the cause of 
cardiac arrest during both intra- and post-cardiac arrest.24 TTM is recommended in comatose 
survivors of cardiac arrest to prevent worsening of neurological ischemia-reperfusion 
injury.25 Such specialized post-cardiac arrest care recommended by the international 
guideline is required immediately after return of spontaneous circulation (ROSC) and 
demands costly medical facilities and multidisciplinary teams. These resources are available 
for 24 hours in most tertiary hospitals and several general hospitals. Notably, the difference 
between the hospital costs in the tertiary hospital group and the hospital group showed a 
bigger difference in the short-term period, which suggested that post-cardiac arrest care was 
mainly provided during the acute period. Also, longer hospitalization days in the tertiary and 
general hospital groups can contribute to higher hospital costs in both groups, even though 
the medical cost is reimbursed at a rate determined by the level of hospital.

In this study, the tertiary and general hospital groups showed better adherence than the 
hospital group to the resuscitation guideline change. In the 2010, AHA recommended 
some major changes in the adult advanced cardiovascular life support algorithms; Atropine 
was no longer recommended in the management of pulseless electrical activity or asystole; 
Measurement of the end-tidal CO2 level was recommended for monitoring CPR quality and 
detecting ROSC, as well as to confirm endotracheal tube placement; Post-cardiac arrest 
care such as PCI and TTM was emphasized and should be provided if clinically indicated.26 
Among the three groups, the use of atropine markedly decreased, and the measurement 
of end-tidal CO2 increased in the tertiary and general hospital groups after the guideline 
change. PCI, TTM, and ECMO were more frequently provided in the tertiary and general 
hospital groups. These results suggested that high-level hospitals showed better guideline 
adherence, and thus they provided more post-cardiac arrest care which could meaningfully 
improve survival. Nas et al.27 reported that recognition of comprehensive post-cardiac arrest 
care and emphasis on PCI were important changes that contributed to improved survival and 
neurologic outcome after the 2010 guideline update.

After adjusting for patient characteristics, comorbidities, admission route, comorbidities, 
treatments, and guideline changes, the tertiary and general hospital groups had lower short- 
and long-term mortality rates. Similar to our findings, Kurz et al.10 suggested that higher-
volume hospitals, which were capable of facilitating specialized post-cardiac arrest care, had 
higher survival rates of patients with cardiac arrest. Several studies also reported that teaching 
hospitals and hospitals with high volumes of CPR cases were associated with improved 
outcomes in patients with cardiac arrest, and found that high-level hospitals tended to have 
sufficient resources for post-cardiac arrest care with a multidisciplinary team that are available 
for 24 hours.28-30 Although other studies showed that hospital factors, such as hospital volume, 
or the number of OHCA patients, were not independently associated with survival after 
adjusting for patient factors13,31,32; these studies also agreed that an improvement in cardiac 
arrest outcome could be achieved by the availability of specialized post-cardiac arrest care.

High-level hospitals are designated by the government only when they are equipped with 
necessary resources, facilities and specialists as well as according to the hospital volume, and 
most of them are academic teaching hospitals in South Korea. As post-cardiac arrest care and 
training functions were mainly performed by these hospitals, lower mortality rates and better 
guideline adherence could be shown in the high-level hospital groups.
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The presented results should be interpreted carefully in light of the following limitations. 
First, the insurance claim database does not include prehospital and in-hospital resuscitation 
information, including the presence of witnessed, initial rhythm, bystander CPR, and 
duration and quality of CPR; thus, we could not clearly divide the population into IHCA 
and OHCA groups. To compensate for this limitation, we analyzed the admission route as a 
surrogate for OHCA and IHCA, and considered that the patients who were admitted through 
ER were likely OHCA cases. Although the admission route was adjusted for analyzing the 
association between hospital level and mortality, our results could be affected by different 
characteristics and outcome of the IHCA and OHCA patients.33 Furthermore, the NHIS 
database does not include information on neurologic outcome, such as the Cerebral 
performance category, and therefore it cannot be used to investigate neurologic outcomes.

Second, the insurance claim database does not include the clinical information such as the 
etiology of cardiac arrest, medications and procedures, and laboratory data. These data did 
not embrace the purposes or time of treatments. Therefore, we could not ascertain whether 
the medications and procedures were provided for the treatment of cardiac arrest or not.

Third, there can be a referral selection bias due to the referral of patients from hospitals 
to general or tertiary hospitals for specialized post-cardiac arrest care, which could affect 
mortality rates.34 It was also reported that referral patients were healthier than average 
because they had survived the initial manifestations of their illness during the time necessary 
for referral and travel to the tertiary hospital.35

Lastly, despite the advantages of using nation-wide insurance claim data on all patients 
with cardiac arrest, insurance data are subject to errors related to coding and omission of 
costs, which was not covered by the NHIS. Moreover, the data did not include information 
on other types of chronic supportive care for outpatient rehabilitation, nursing homes, and 
prehospital managements including emergency medical service systems.

In conclusion, the tertiary and general hospital groups had lower mortality rates within 30 days and 
1 year than the hospital group after adjusting for patient characteristics and hospital-related factors. 
The high-level hospital groups were younger, had a lower proportion of medical aid coverage, and 
fewer comorbidities. Post-cardiac arrest care was provided more commonly in the high-level hospital 
groups, which required higher hospital costs than the hospital group. The high-level hospital groups 
also showed better adherence to the resuscitation guideline change. Further investigations using 
clinical data will be required due to the limitations of the administrative insurance database.

SUPPLEMENTARY MATERIALS
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