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Abstract: Issues regarding healthcare disparity continue to increase in
connection with access to quality care for acute myocardial infarction
(AMI), even though the case-fatality rate (CFR) continues to decrease.

We explored regional variation in AMI CFRs and examined whether
the variation was due to disparities in access to quality medical services
for AMI patients.

A dataset was constructed from the Korea National Health Insurance
Claims Database to conduct a retrospective cohort study of 95,616
patients who were admitted to a hospital in Korea from 2003 to 2007
with AMI. Each patient was followed in the claims database for
information about treatment after admission or death.

The procedure rate decreased as the region went ‘‘down’’ from
Seoul to the county level, whereas the AMI CFR increased as the county
level as a function of proximity to the county level (30-day AMI CFRs:
Seoul, 16.4%; metropolitan areas, 16.2%, cities; 18.8%, counties,
39.4%). Even after adjusting for covariates, an identical regional
variation in the odds of patients receiving treatment services and dying
was identified. After adjusting for invasive and medical management
variables in addition to earlier covariates, the death risk in the counties
remained statistically significantly higher than in Seoul; however, the
degree of the difference decreased greatly and the significant differences
in metropolitan areas and cities disappeared.

Policy interventions are needed to increase access to quality AMI
care in county-level local areas because regional differences in the AMI
CFR are likely caused by differences in the performance of medical and
invasive management among the regions of Korea. Additionally, a
public education program to increase the awareness of early symptoms
and the necessity of visiting the hospital early should be established as
the first priority to improve the outcome of AMI patents, especially in
county-level local areas.
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Abbreviations: AMI = acute myocardial infarction, CABG =
coronary artery bypass graft, CAG = coronary angiography, CFR =
case-fatality rate, CI = confidence interval, COPD = chronic
obstructive pulmonary disease, ICD-10 = the International
Classification of Disease, 10th revision, NSTEMI = non-ST
elevation myocardial infarction, OECD = Organization for
Economic Cooperation and Development, OR = odds ratio, PCI =
percutaneous coronary intervention, STEMI = ST-segment elevation
myocardial infarction, t-PA = tissue plasminogen activator.

INTRODUCTION

t is known that death and disability from acute myocardial

infarction (AMI) can be decreased if quality medical services
and appropriate interventions are applied rapidly, even though
the onset of AMI is also associated with a relatively high case-
fatality rate (CFR). In this context, Korea, the USA, and several
European countries have added AMI to the list of targets to be
monitored and assessed at the national level.'™

In Korea, the prevalence of cardiocerebrovascular disease
has increased recently due to the ageing of the population, the
Westernization of diets, and the continuing evolution of diag-
nostic technologies. Related socio-economic costs are also
soaring. Indeed, the incidence of AMI has increased ~10%
per year and socio-economic costs due to cardiocerebrovascular
disease (~4200 billion Korean won/year) are close to those of
associated with cancer (~5500 billion Korean won/year), more
than enough to be a major burden to Korean society.*”
Although the incidence of AMI has been increasing annually,
the CFR has decreased markedly since 2000 (16.0% in
2000 — 11.4% in 2007).4 Many countries have reported similar
trends.”® These declines in the CFR of AMI have been reported
to be caused by advances in invasive treatments and medical
management, such as thrombolytic therapy, and patients visit-
ing hospitals earlier.** !

However, issues regarding healthcare disparity continue to
increase in connection with access to quality AMI care despite
the continued decrease in the CFR.'? In this context, studies of
regional variation in the AMI CFR and the causes thereof have
been reported.'*>~ 13

Additionally, limited access to quality healthcare in the
rural areas of Korea constitutes an important challenge, because
healthcare resources are concentrated in Seoul. It has been
reported that 40% of medical institutions that can provide
specialized AMI care services are concentrated in Seoul, and
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the disproportionate differences in the medical infrastructure
available in Seoul versus in local areas is the focus of growing
concern.’ This regional variation in the medical infrastructure
may have a direct effect on death rates due to differences in the
appropriate and timely administration of medical procedures or
medication. Thus, we need additional empirical evidence
regarding the relationship between regional variations in the
quality of treatment and health outcomes to improve the quality
of care on a national basis.

This study explored regional variations in AMI CFRs and
examined whether such variations may be associated with
disparities among geographical regions in access to quality
medical services for patients with AMI. This study included
all AMI patients in Korea identified in claims database of the
Korea National Health Insurance (NHI) program.

METHODS

Data Source and Study Population

Study data were collected from the Korea National Health
Insurance (KNHI) Claims Database of the Health Insurance
Review and Assessment Service (HIRA) for the period from
2003 to 2007. This database contains all claims data provided by
the National Health Insurance (NHI) program and the Medical
Aid program. The NHI program of Korea covers about 96% to
97% of the population as a compulsory social insurance scheme.
The remaining 3% to 4% is protected under the Medical Aid
program as public assistance for healthcare for the poor.'®!’

The National Health Insurance Corporation (NHIC) is the
sole healthcare insurer in Korea, established by statute and
responsible for operating the KNHI program; HIRA is in charge
of reviewing healthcare providers’ claims and the Ministry of
Health and Welfare (MOHW) supervises the program as a whole.
Its main sources of funding are contributions from the insured and
government subsidies.'®'™® Korea’s healthcare delivery system
and claims data have been described in detail in previous
reports.lg_zo

This retrospective cohort study of new AMI patients
admitted to a hospital was conducted to examine whether
regional variations in AMI fatality rates may be due to dispar-
ities in access to quality medical services. In total, 97,718
patients were first diagnosed with AMI (code “I21” of the
International Classification of Disease, 10th revision; ICD-10)
as their primary condition from 2003 to 2007; 296 of these
patients were admitted to a clinic and were excluded. Addition-
ally, 1806 patients who were transferred to other hospitals were
excluded. Finally, 95,616 patients were selected for analysis.
The time of each patient’s initial diagnosis was confirmed by the
lack of a medical claim for AMI (ICD-10 121) as a primary or
secondary disease from December 1994, the year in which the
computerized billing system was initiated, to 2002.*'° Each
patient was followed in the claims database for information
about treatment after admission or death.'”

This study was approved by the Institutional Review Boards
of the Health Insurance Review and Assessment Service.

Study Variables

Dependent Variable: CFR

The primary outcome variables were the 1- and 30-day
CFRs, defined as the proportion of AMI patients who died on the
day of admission or within 30 days of follow-up after admission
against the number of diagnosed cases of the disease.'®"
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Independent Variable: Region (Seoul, Metropolitan
Area, City, County)

The primary independent variable was region of admis-
sion. In this study, Korea’s geographical location was classified
into 4 regions: Seoul, as a special city, metropolitan areas, cities,
and counties. The administrative divisions of Korea include
1 special city (Seoul), 6 metropolitan cities, and 9 provinces.
Each province is subdivided into cities and counties. Each city
has a population of at least 150,000. Each county has a
population of less than 150,000.%'

Covariates

Covariates consisted of demographic (age, sex, insurance
type), severity, medical management, and invasive management
variables. Severity variables included the presence or absence
of coexisting conditions, including diabetes, hypertension,
chronic obstructive pulmonary disease (COPD), chronic liver
disease, chronic renal disease, cerebrovascular disease, anemia,
and cancer, and the presence or absence of complications.
Complications were subdivided into mechanical and arrhythmic
complications. Mechanical complications, primarily referring
to left ventricular dysfunction, included congestive heart fail-
ure, left heart failure, cardiomegaly, acquired cardiac septal
defects, and cardiogenic shock. Arrhythmic complications (ie,
electrical instability) included cardiac dysrhythmias, atrioven-
tricular blocks, and other conduction disorders.!®!>?? We
assumed the presence or absence of complications based on
whether the admission claim for each case included specific
diseases, because we could not identify the onset of compli-
cations due to lack of information.

To assess whether regional differences in the CFRs of AMI
inpatients were associated with differences in the rates of
invasive or medical management, we investigated the pro-
cedures performed within 30 days after admission.'® Medical
management variables included aspirin, thrombolytic drugs
(tissue plasminogen activator (t-PA), urokinase, streptokinase,
limaprost, and tenecteplase), B-blockers, and cholesterol-low-
ering drugs (statins, fibrates). Invasive management variables
were coronary angiography (CAG), cardiac catheterization,
percutaneous coronary intervention (PCI), and coronary artery
bypass graft (CABG).”!*?? These medical or invasive manage-
ment variables were the grincipal variables that affected the
CFR of AMI patients.’'*#>

Statistical Analysis

We performed x> tests and analyses of variance (ANOVA)
to evaluate differences in demographic characteristics and
severity among AMI patients admitted in the 4 region types.
Differences in the rates of performing medical or invasive
management and in the AMI CFRs by region were evaluated
using a multiple logistic regression model. To compare the
performance rates, we adjusted for age, sex, insurance type
(National Health Insurance, Medical Aid), presence or absence
of coexisting conditions, and presence or absence of compli-
cations. Additionally, for the CFRs, medical or invasive man-
agement variables were added to the covariates.

RESULTS

Characteristics of the Patients

Of the 95,616 AMI patients, the largest numbers were
treated in cities (n=238,909; 40.7%), followed by 34.8% in
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metropolitan areas (n=33,270), 20.5% in Seoul (n=19,612),
and 4.0% in counties (n=3825).

In terms of the study population’s characteristics by region,
counties showed higher proportions of females, seniors aged 80
or older, and Medical Aid beneficiaries, compared with other
regions (Table 1). Seoul and metropolitan areas had higher
proportions of patients with diabetes, hypertension, anemia, and
cancer, whereas counties had higher proportions of patients with
COPD, liver disease, and cerebrovascular disease as coexisting
conditions versus other regions. Whereas mechanical compli-
cations were more frequent in the patients from counties,
arrhythmic complications were more common in those in cities
(Table 1).

Invasive and Medical Management

The rate of performing invasive management was 59.6% for
CAG, 11.7% for cardiac catheterization, 48.0% for PCI, and 2.2%
for CABG (Table 2). The rates varied among regions; the rate
decreased as the region went “‘down’” from Seoul to the counties.

In particular, the rates in counties (CAG: 21.1%, cardiac cathe-
terization: 5.8%, PCI: 17.0%, CABG: 0.3%) were considerably
lower than those in other regions. Even after adjusting for sex,
age, insurance type, coexisting conditions, and complications,
the odds of patients receiving invasive management was lower
in counties than in other regions (total invasive management:
Seoul, odds ratio (OR)=8.46, 95% confidence interval
(CDH=7.79-9.12; metropolitan areas, OR=6.87, 95%
CI=6.35-7.44; cities, OR=4.87, 95% CI=4.50-5.26; vs.
counties, OR = 1.0). Comparisons according to type of invasive
management (CAG, cardiac catheterization, PCI, and CABG)
showed similar results.

A similar trend was evident in the rates of performing
medical management; the rates were lower in counties (aspirin:
31.4%, thrombolytic drugs: 4.3%, B-blockers: 22.2%, choles-
terol-lowering drugs: 13.7%) than in other regions (Table 2).
The odds of patients receiving medical management after
adjusting for the same covariates as invasive management were
lower in counties than in other regions (total medical manage-
ment: Seoul, OR=28.08, 95% CI=7.36—8.88; metropolitan

TABLE 1. Characteristics of Study Subjects by Region

Total Seoul Metropolitan City County
95,616 19,612 (20.5) 33,270 (34.8) 38,909 (40.7) 3825 (4.0) P Value”

Gender
Male 59,460 (62.2) 12,817 (65.4) 20,985 (63.1) 23,616 (60.7) 2042 (53.4) <0.001
Female 36,156 (37.8) 6795 (34.7) 12,285 (36.9) 15,293 (39.3) 1783 (46.6)

Age, years (mean =+ SD)' 64.6 £13.7 642+133 643+133 64.8 £14.0 68.6 £ 14.4 <0.001
0-44 7865 (8.2) 1494 (7.6) 2648 (8.0) 3456 (8.9) 267 (7.0) <0.001
45-54 15,495 (16.2) 3291 (16.8) 5561 (16.7) 6208 (16.0) 435 (11.4)

55-64 20,491 (21.4) 4719 (24.1) 7381 (22.2) 7778 (20.0) 613 (16.0)
65-80 38,355 (40.1) 7538 (38.4) 13,638 (41.0) 15,625 (40.2) 1554 (40.6)
80+ 13,410 (14.0) 2570 (13.1) 4042 (12.2) 5842 (15.0) 956 (25.0)

Insurance type
Health Insurance 85,876 (89.8) 18,278 (93.2) 29,957 (90.1) 34,728 (89.3) 2913 (76.2) <0.001
Medical Aid 9729 (10.2) 1334 (6.8) 3311 (10.0) 4172 (10.7) 912 (23.8)

Coexisting conditions
Diabetes 6168 (6.5) 1568 (8.0) 2198 (6.6) 2263 (5.8) 139 (3.6) <0.001
Hypertension 24,285 (25.4) 4201 (21.4) 10149 (30.5) 9020 (23.2) 915 (23.9) <0.001
COPD 789 (0.8) 94 (0.5) 306 (0.9) 335 (0.9) 54 (1.4) <0.001
Liver disease 626 (0.7) 97 (0.5) 234 (0.7) 245 (0.6) 50 (1.3) <0.001
Renal disease 119 (0.1) 20 (0.1) 54 (0.2) 39 (0.1) 6 (0.2) 0.079
Cerebrovascular 2661 (2.8) 549 (2.8) 893 (2.7) 1058 (2.7) 161 (4.2) <0.001
Anemia 392 (0.4) 136 (0.7) 98 (0.3) 141 (0.4) 17 (0.4) <0.001
Cancer 579 (0.6) 161 (0.8) 195 (0.6) 202 (0.5) 21 (0.6) <0.001

Mechanical complications 5982 (6.3) 1170 (6.0) 2204 (6.6) 2346 (6.0) 262 (6.9) 0.001
Congestive heart failure 4520 (4.7) 971 (5.0) 1546 (4.7) 1777 (4.6) 226 (5.9) 0.001
Left heart failure* 451 (0.5) 45 (0.2) 292 (0.9) 114 (0.3) 0 (0.0) 0.000
Cardiomegaly* 154 (0.2) 2 (0.0) 111 (0.3) 32 (0.1) 9(0.2) 0.000
Acquired cardiac septal defects® 7 (0.0) 4 (0.0) 2 (0.0) 1 (0.0) 0 (0.0) 0.135
Cardiogenic shock 850 (0.9) 148 (0.8) 253 (0.8) 422 (1.1) 27 (0.7) <0.001

Arrhythmic complications 2010 (2.1) 333 (1.7) 574 (1.7) 1037 (2.7) 66 (1.7) <0.001
Cardiac dysrhythmias 1058 (1.1) 175 (0.9) 259 (0.8) 579 (1.5) 45 (1.2) <0.001
Atrioventricular block 845 (0.9) 143 (0.7) 277 (0.8) 407 (1.1) 18 (0.5) <0.001
Other conduction disorders* 107 (0.1) 15 (0.1) 38 (0.1) 51 (0.1) 3(0.1) 0.295

COPD = chronic obstructive pulmonary disease.

* Chi-square test.

TANOVA, analysis of variance.

¥ Fisher’s exact test.
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TABLE 2. ORs of Receiving Invasive and Medical Management in Admitted AMI Patients by Region

Total
(n=95,616)

Seoul
n=19,612)

Metropolitan City
(n=33,270) (n=38,909)

County P
(n=23825) Value

Invasive management
OR for invasive
management (95% CI)*

CAG n (%) 56,989 (59.6) 13,235 (67.5)

7.35 (6.73-8.02)
n (%) 11,175 (11.7) 2804 (14.3)

3.20 (2.77-3.69)

OR for CAG (95% CI)*

Cardiac catheterization

OR for cardiac
catheterization (95% CI)*

PCI n (%) 45,889 (48.0) 10,217 (52.1)
4.74 (4.33-5.20)

OR for PCI (95% CI)*

CABG

OR for CABG (95% CI)*

Medical management

OR for invasive
management (95% cn*

Aspirin

OR for aspirin (95% CI)*

Thrombolytic drugs

OR for thrombolytic drugs
(95% CI)*

B-blocker

OR for B-blocker (95% CI)*

Cholesterol-lowering drugs

OR for cholesterol-lowering
drugs (95% CI)*

n (%) 2058 (2.2) 740 (3.8)

n (%) 4051 (4.2) 819 (4.2)

n (%) 65,249 (68.2) 14,972 (76.3)
8.46 (7.79-9.12)

11.24 (6.34-19.92)
n (%) 49,838 (52.1) 10,693 (54.5)
8.08 (7.36-8.88)

n (%) 48,330 (50.6) 10,399 (53.0)
7.95 (7.25-8.73)

1.15 (0.96-1.36)

n (%) 34,556 (36.1) 7415 (37.8)

3.64 (3.33-3.98)
n (%) 27,779 (29.1) 6367 (32.5)

4.61 (4.19-5.14)

24,205 (72.8)
6.87 (6.35-7.44)

25,081 (64.5) 991 (25.9) <0.001
4.87 (4.50-5.26)  1.00

21,522 (64.7)
6.26 (5.75-6.82)
3859 (11.6)
2.65 (2.30-3.05)

21,427 (55.1) 805 (21.1) <0.001
437 (4.02-4.76)  1.00
4292 (11.0) 220 (5.8) <0.001
2.30 (2.00-2.65)  1.00

17,176 (51.6)
4.57 (4.18-5.00)
703 (2.1)

6.51 (3.67-11.54)

17,877 (53.7)

7.02 (6.41-7.68)

17,847 (45.9) 649 (17.0) <0.001
3.84 (3.51-4.20)  1.00
603 (1.6) 12 (0.3) <0.001
470 (2.65-8.33)  1.00

19,951 (51.3) 1317 (34.4) <0.001
5.64 (5.16-6.17)  1.00

17,450 (52.5)
7.08 (6.48-7.75)
1458 (4.4)
1.18 (0.99-1.40)

19,279 (49.6) 1202 (31.4) <0.001
5.60 (5.13-6.12)  1.00
1611 (4.1) 163 (4.3)
1.11 (0.94-131)  1.00

0.422

13,174 (39.6)
3.78 (3.47-4.13)
9340 (28.1)

3.50 (3.17-3.87)

13,117 (33.7) 850 (22.2) <0.001
272 (2.50-2.97)  1.00

11,547 (29.7) 525 (13.7) <0.001
3.78 (3.42-4.17)  1.00

* Adjusted for age, gender, insurance type, coexisting conditions, and complications. CABG = coronary artery bypass graft, CAG = coronary
angiography, CI = confidence interval, OR = odds ratio, PCI = percutaneous coronary intervention.

areas, OR =7.02, 95% CI =6.41-7.68; cities, OR =5.64, 95%
CI=5.16—6.17; vs. counties, OR =1.0).

Case-Fatality Rate

Of'the total 95,616 AMI patients, 9814 (10.3%) died on the
day of admission and 17,458 (18.3%) died within 30 days after
admission (Table 3). The AMI CFRs on the day of admission
and within 30 days thereafter in Seoul and metropolitan areas
were lower than the mean level of all regions, whereas both rates
in cities and counties were higher. In particular, in the counties,
the AMI CFR reached 25.0% on the day of admission and
39.4% within 30 days thereafter. Even after adjusting for patient
demographic characteristics and severity, the odds of death
were higher in patients in regions other than Seoul: metropolitan
areas (on the day of admission: OR =1.18, 95%=CI 1.10—
1.25; within 30 days of admission: OR =1.07, 95% CI =1.02—
1.12), cities (on the day of admission: OR=1.37, 95%
CI=1.29-1.46; within 30 days of admission: OR=1.17,
95% CI=1.11-1.22), and counties (on the day of admission:
OR =3.76, 95% CI =3.43—4.13; within 30 days of admission:
OR =3.09, 95% CI=2.85-3.45).

After adjusting for invasive and medical management
variables in addition to the earlier covariates, the difference
between Seoul and the counties was reduced. The odds of death
for AMI patients in counties (on the day of admission:
OR =1.32, 95% = CI 1.19—1.46; within 30 days of admission:
OR =1.47,95% CI=1.35—-1.61) remained statistically signifi-
cantly higher than in Seoul, but the extent of the difference
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decreased greatly, and the significance of differences between
metropolitan areas (on the day of admission: OR =1.06,
95%=CI 0.99-1.14; within 30 days of admission:
OR =1.00, 95% CI=0.95—-1.05) and cities disappeared (on
the day of admission: OR = 1.06, 95% = CI 0.99-1.13; within
30 days of admission: OR =0.97, 95% CI=0.93—-1.02).

DISCUSSION

The Organization for Economic Cooperation and Devel-
opment (OECD) reported that Korea ranked among the highest
in the quality of care for AMI; noted that it seemed to follow
clinical guidelines and best practices better than other OECD
countries when considering good performance in process
indicators, such as the administration of aspirin upon arrival
at the hospital and appropriate prescriptions at the time of
discharge; and showed huge increases in the volume and
capacity for invasive management measures such as PCI or
CABG in recent years.23 However, ~40% of the hospitals
providing healthcare services specialized for AMI are concen-
trated in Seoul, and the disparity between Seoul and the rest of
the country in terms of healthcare system infrastructure con-
tinues to be alarming.’

Consequently, experts have suggested the existence of
large regional variations in the volume and quality of care
for AMI, which could lead to variation in the risk of mortality
among the regions.’**** Indeed, in this study, we identified
significant differences among regions in terms of the CFR.
Specifically, the CFR for AMI patients in Seoul was 16.4%,

© 2014 Lippincott Williams & Wilkins
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TABLE 3. ORs of Death on the Day of Admission and Within 30 Days After Admission by Region

Multiple Logistic Regression Model

Case-Fatality Rate

Death Model 1 Model 2
On the Day Within 30 On the Day Within On the Day Within
of Days After of 30 Days of of 30 Days of
Admission Admission Admission Admission Admission Admission
No. of
Patients n % n % OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Total 95,616 9814 103 17,458 183
Region
Seoul 19,612 1652 8.4 3223 164 1.00 1.00 1.00 1.00
Metropolitan 33,270 2934 8.8 5397 162 1.18 1.10-1.25 1.07 1.02-1.12 1.06 0.99-1.14 1.00 0.95-1.05
City 38,909 4273  11.0 7330 18.8 137 1.29-146 1.17 1.11-1.22 1.06 099-1.13 097 0.93-1.02
County 3825 955 25,0 1508 394 3.76 3.43-4.13 3.09 2.85-345 132 1.19-146 147 1.35-1.61
P-value <0.001 <0.001

Model 1: Adjusted for demographic variables (age, gender, insurance type) and severity variables (coexisting conditions (diabetes, hypertension,
COPD, liver disease, renal disease, cerebrovascular, anemia, cancer), mechanical complications (congestive heart failure, left heart failure,
cardiomegaly, acquired cardiac septal defects, cardiogenic shock), and arrhythmic complications (cardiac dysrhythmias, atrioventricular block,

other conduction disorders)).

Model 2: Adjusted for Model 1 variables + medical management (aspirin, thrombolytic drugs, B-blocker, cholesterol-lowering drugs) and invasive

management variables (CAG = cardiac catheterization, PCI CABG).

CI = confidence interval, COPD = chronic obstructive pulmonary disease, OR = odds ratio.

whereas the rate for counties was 39.4%, almost 2.4-fold higher
than in Seoul (Table 3).

The sources of this variation may be explained in 2 ways:
differences in patient clinical characteristics in terms of sever-
ity, and/or differences among the regions in the quality of care
due to disparities in healthcare facilities and professionals
specializing in AML'>"°

This study found differences in the AMI patient clinical
characteristics and the intensity of the medical interventions
provided by region. Compared with other regions, counties had
higher proportions of patients aged 80 years or older (counties:
25.0% vs. other regions: 13.6%; P < 0.001), females (counties:
46.6% vs. other regions: 37.4%; P < 0.001), and Medical Aid
beneficiaries (counties: 23.8% vs. other regions: 9.6%;
P <0.001), who have been reported to have higher AMI
mortality risks.***~2” Additionally, counties had higher pro-
portions of patients with coexisting conditions, such as cerebro-
vascular disease (counties: 4.2% vs. other regions: 2.7%;
P <0.001) and mechanical complications (counties: 6.9% vs.
other regions: 6.2%; P=0.001) than other regions (Table 1).
However, differences in the CFRs among the regions remained
even after adjusting for patient demographic characteristics and
severity (Table 3). Thus, these remaining differences may be
due to causes other than patient clinical characteristics.

This study examined regional variations in the intensity of
medical and invasive management (Table 2). Revascularization
has been reported to improve the short- and long-term survival
rates by decreasing the degree of myocardial necrosis and
preventing hemodynamic malfunction of the ventricles.?®*'
Previous studies have reported that administering aspirin
promptly after a suspected AMI can reduce the risk of death
and have effects that are apparent for 10 years;** > indeed,
early B-blocker therapy in AMI patients can also reduce the
case-fatality and morbidity risks.** The American Heart Associ-
ation (AHA) recommended measuring cholesterol within
24 hours of admission in a patient with AMI and reported that

© 2014 Lippincott Williams & Wilkins

administering cholesterol-lowering drugs at the onset of symp-
toms lowered the case-fatality risk.>® In this study, the rate of
performance of both invasive cardiac procedures (CAG, cardiac
catheterization, PCI, CABG) and medical management (admin-
istration of aspirin, thrombolytic drugs, and cholesterol-low-
ering drugs) in AMI patients decreased compared with that in
Seoul in metropolitan areas, cities, and counties (in that order).
These differences persisted after adjusting for patient demo-
graphic characteristics and severity (Table 2). This caused us to
suspect that regional variation in the AMI CFR was due to
differences in the frequency of performance of those cardiac
interventions among regions. To examine this, we explored
regional variation in the AMI CFR after adjusting for invasive
and medical management in addition to the earlier covariates.
The odds of death for AMI-admitted patients in counties
remained significantly higher versus in Seoul; however, the
extent of the difference decreased greatly, and there were no
longer significant differences among Seoul, metropolitan areas,
and cities (Table 3).

To summarize, the regional variation in the AMI CFR in
Korea is likely caused by differences in the frequency of the
performance of medical and invasive procedures rather than
being due to differences in patient characteristics and disease
severity. Moreover, the difference in providing cardiac pro-
cedures seems to be, at least in part, explained by the concen-
tration of large hospitals in Seoul and the major metropolitan
areas.

In Korea, healthcare institutions are classified into 3
groups according to the number of beds they contain: ‘‘clinics’’
have fewer than 30 beds, ‘‘hospitals’” have 30 to 99 beds, and
“‘general hospitals’” have more than 99 beds. The MOHW also
differentiates ‘‘tertiary hospitals’> from ‘general hospital”’
applicants on the basis of whether they meet the standards
for teaching hospitals and fulfill other criteria.'”*°

Of the total 44 tertiary hospitals in Korea, 17 (38.6%) are
located in Seoul. Furthermore, 66.7% of AMI patients admitted
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in Seoul used the tertiary hospitals in Seoul, but 61.0% of
county patients were hospitalized in hospitals. Thus the dis-
parity in access to quality AMI care among the regions is
difficult to ignore.

In local areas, the average fulfillment rate for critical
conditions of emergency healthcare institutions (facilities,
equipment, manpower) was 46.0%, lower than the national
average of 58.4%.°® That is, the regional imbalance in health-
care institutions providing appropriate and prompt care for
cardiovascular diseases can be thought of as the major source
of the significant difference in Performance of AMI treatment
between urban and rural areas.”’

This study had several limitations. First, we identified only
whether specific cardiac procedures were implemented; we did
not measure the quality of care. To reduce the CFR, it is
important to assess whether the procedure was performed,
but the appropriateness of the procedure performed and the
quality of care are also important. 15:37 The fact that the CFRs in
the counties compared with Seoul remained higher after adjust-
ing for both patient clinical characteristics and performance of
invasive and medical management indicates that there is room
for improvement in terms of controlling differences in quality of
AMI care among regions. In this regard, further studies
are needed.

Second, in this study, we did not consider the specific type
of AML. To designate type (STEMI vs. NSTEMI), it is necess-
ary to have ICD-10 diagnosis codes consisting of at least
4 digits. However, 10.7% of the total study populations
(n=10,200) had claims with only a 3-digit code, “‘I21.”
One possible explanation for using the 3-digit code is that
the type of AMI may not have been determined at the time
of diagnosis. Also, medical institutions may simply have
omitted the 4th digit because use of the 3-digit code is accepted
for provider reimbursement in the KNHI. Despite this coding
issue, the multiple logistic regression results obtained after
additional adjustment for AMI type (STEMI, ICD-10 codes
121.0, 121.1, 121.2, and 121.3, 23.0%; NSTEMI, ICD-10 code
121.4, 4.2%; unspecified, ICD-10 code 121.9, 62.1%) and
exclusion of the 10,200 patients with an ICD-10 diagnosis of
121 reflected the same trend as shown in Table 3 (data not
provided).'®!°

Third, we did not consider distance to the healthcare
facility as one of the sources of regional variations in AMI
CFRs. Even if all other conditions were identical, differences in
the transport time to the medical institution may have contrib-
uted to the observed regional variations. In other words, the
higher AMI CFRs in counties than in Seoul may have been
caused by lack of appropriate invasive or medical management
or by lack of the timely administration of these services due to
longer transport times. It is important to consider the time
elapsed and the distance travelled before admission to a medical
institution as possible contributors to regional variations in AMI
CFRs in future research.

Finally, the data used this study are probably characterized
by a hierarchical structure in which patients are nested in hospitals
and hospitals are nested in regions. That is, patients from the same
hospital may have been more closely related than were those in
different hospitals. Future studies should employ a multi-level
analysis to examine regional variations and their sources after
controlling for the bias of this hierarchical structure.

In conclusion, we confirmed regional variations in the
AMI CFRs. This is likely to have been caused by the differing
frequencies of the performance of medical and invasive pro-
cedures among regions. Regional differences in the AMI CFR
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could be caused by differences in specialized facilities and
manpower or by differences in time from the onset of AMI to
arrival in hospital among regions. Benefit from revasculari-
zation is directly associated with the time taken for the restor-
ation of perfusion to the part that has suffered ischemia; thus
reducing this time as much as possible would result in the
optimal outcome.’'*®*° In Korea, the proportion of patients
receiving primary revascularization within 90 min of hospital
arrival has been reported to be 97.7%; however, the door-to-
hospital arrival time from onset of AMI was 156 min, on
average.”**® This could explain why patient outcomes, such
as overall survival, hospital discharge rate, and 1-year survival
rate, have not improved markedly even though the frequency of
cardiac procedures provided since hospital arrival is higher than
that in other OECD countries.”****

Generally, given that the ageing population is increasing
rapidly and access to hospitals is relatively low in rural areas
versus major urban areas, a public education program to make
patients aware of early symptoms and to immediately make an
emergency medical call or visit a hospital early should be
established as the first priority to improve the outcomes of
AMI patients who reside in counties (primary prevention). Next,
we need to design emergency medical center extensions and
activate a cooperative network to provide appropriate AMI care
within all regions (secondary prevention). In connection with the
preceding preventative steps, establishing a patient registration
system and designing a systematic treatment process to provide
continuous rehabilitation care will also contribute substantially to
improving AMI patient outcomes (tertiary prevention).
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