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Background: The purpose of this study was to investigate longitudinal changes of the utilization of opera-

tional and surgical medical care inside and outside a metropolitan area over 10 years, analyzing the resi-

dential areas of patients and the locations of medical facilities for major cardiovascular surgery. Methods: 

Data analysis was conducted by classifying the addresses of patients and the locations of medical care facili-

ties of metropolitan cities and provinces, using data from the National Health Insurance Corporation from 

January 2003 to December 2013. Results: There is serious concentration of major heart surgery to medical 

facilities in Seoul; this problem has not improved over time. There were differences in percentages of surgi-

cal procedures performed in the metropolitan areas according to major diseases. In the case of Busan and 

Daegu provinces, at least 50% of the patients underwent surgery in medical facilities in the city, but there 

are other regions where the percentage is less than 50%. In the case of provinces, the percentage of surgi-

cal procedures performed in medical facilities in Seoul or nearby metropolitan cities is very high. Conclusion: 

Policies to strengthen the regional capabilities of heart surgery and to secure human resources are required 

to mitigate the concentration of patients in the capital area. Many regional multi-centers must be designated 

to minimize unnecessary competition among regional university hospitals and activate a win-win partnership 

model for medical services.
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Introduction

Cardio-cerebrovascular disease (CCVD) is the sec-

ond leading cause of death in Korea [1]. In the past 

10 years, an estimated 660,000 people died of the 

disease, accounting for nearly a quarter of the entire 

death toll, 2.5 million, during the same period. The 

number of people who underwent treatment for the 

disease increased by 58.7% from 10.23 million in 

2013 to 6.44 million in 2004. In the same period, 
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Table 1. Heart surgery classification code analysis

Operation Dxcode or opcode

Coronary artery bypass OA641, OA642, OA647

O1641(자164가(1)(가), 자164가(1)(가)주)

O1642(자164가(1)(나), 자164가(1)(나)주)

O1643, O1644, O1645(자164자(1)), O1646, O1647(자164가(2), 자164가(2)주), O1830

Simple congenital cardiac surgery O1710(자171), O1711, O1721(자172가), O1722, O1723

Valvuloplasty O1781(자178가), O1782(자178나), O1783(자178다), O1730, O1740, O1750, O1760

Complex congenital cardiac surgery O1800(자180), O1850, O1873, O1874, O1878, O1879, O1680, O1770, O1810, O1821, O1822, 

O1861, O1875

Aorta operation O2031(자203가), O2032(자203나), O2033(자203다)

Coronary intervention M6551, M6552, M6561, M6562, M6563, M6564, M6595, M6596, M6597

treatment cost also skyrocketed by 363.2%, from 

1,493 billion won to 6,915 billion won [2].

The death rate, as well as the treatment volume 

and cost of disease, is rapidly increasing. To address 

this issue, the Korean government established and 

implemented the first comprehensive plan on CCVDs 

in 2006 [3]. The second and third schemes have 

been planned and will be implemented by 2016. 

Since 2008, 11 regional cardio-cerebrovascular cen-

ters (RCCs) have been under operation [4,5]. The 

goal of the currently implemented RCCs include: (1) 

establish a system which provides treatment 3 hours 

within the occurrence of a CCVD case anywhere in 

Korea; (2) provide CCVD prevention management 

through community promotion activities; and (3) mit-

igate regional treatment gaps.

The major focus of the RCCs is on providing pro-

cedures in cardiology, neurology, and some neuro-

surgical operations, excluding regional support poli-

cies for cardiac surgery. To alleviate overconcentra-

tion of patients in the metropolitan areas, as well as 

to strengthen medical services in each region via a 

high-quality, multidisciplinary care approach, the Korean 

government established and is operating regional 

centers for various diseases: regional cancer centers 

by the comprehensive cancer strategy, regional respi-

ratory disease centers, and regional rheumatoid ar-

thritis disease centers.

The RCC does not offer surgery for heart and cere-

brovascular diseases, so it is likely that a great share 

of patients who need these types of surgery still use 

hospitals in the metropolitan areas. Such a problem 

is unresolved in non-emergency surgery, in particular. 

The incumbent government policy to cover treatment 

cost for 4 major diseases has reduced the treat-

ment-cost barrier, possibly failing to alleviate the 

overconcentration of patients with heart or cerebro-

vascular diseases in metropolitan hospitals [2].

The concentrated use of hospitals in the metropoli-

tan areas for surgery worsens the insufficient supply 

of heart surgeons outside those areas, causing a vi-

cious cycle. This may lead to depletion of resources 

and decrease in capacity related to heart surgery in 

regional medical institutions. In addition, socioecono-

mic gaps among patients undergoing surgery in Seoul 

may compromise health equity. To that end, it is sug-

gested to establish regional heart centers in the 

Gyeongsang, Jeolla, and Daegu provinces.

This study examined heart surgery performed in 

medical institutions inside and outside of metropoli-

tan areas, based on data collected from the National 

Health Insurance Service (NHIS). The number of sur-

gery performed in 17 cities and provinces was 

analyzed. Patients’ travel status across different re-

gions was analyzed based on their residential areas 

and location of the hospitals where they underwent 

surgery. Our results are intended to provide evidence 

for policy recommendations to foster regional re-

sources and encourage the public’s use of their local 

medical services.

Methods

Surgery data, collected from the NHIS between 

January 2003 and December 2013, were included in 

the analysis. Data for each surgery were extracted by 

surgery code or action code related with heart 

diseases. The data were classified by surgery name 

through expert meetings. To analyze heart surgery 

data, experts from different specialties reviewed the 
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codes by disease 3 times. Among 58 surgery codes, 

similar codes were combined. Less frequently occur-

ring codes or codes that were difficult to analyze 

were excluded from the analysis. Finally, 6 main sur-

gery codes were selected and data were extracted 

accordingly.

The data regarding medical service use were div-

ided by region: Seoul and metropolitan areas or 

non-metropolitan areas. To do so, the data were ana-

lyzed by patients’ residence address and the location 

of medical institutions in 17 cities and provinces. In 

case a patient’s address code is consistent with the 

location code of the hospital, the patient was deter-

mined to have received surgery in the region. Other-

wise, the patient was determined to have undergone 

surgery outside the region (Table 1).

A chi-square analysis was performed based on the 

patients’ residence address and the location of the 

medical institution. We created a table to analyze the 

medical use within and without the region in differ-

ent areas. Moreover, we analyzed yearly operation 

status by region to examine the annual medical use 

status and graphed the results (Figs. 1–5).

Results

1) Coronary artery bypass

The volume and percentages of the use of coronary 

artery bypass by region between 2003 and 2013 

were analyzed based on the patient’s residence and 

location of the hospital. Among patients living in 

Seoul, 92.6% underwent surgery in a hospital located 

in Seoul. Among patients residing in Gyeonggi Province, 

45.5% underwent surgery in a hospital in Gyeonggi 

Province, while 52.4% underwent surgery in a hospi-

tal in Seoul.

In other metropolitan cities, the percentages of pa-

tients who underwent surgery in the region of their 

residence ranged between 40.0% and 75.4%: 75.4% 

in Daegu, 59.0% in Busan, 65.4% in Ulsan, 59.3% in 

Gwangju, 42.4% in Daejeon, and 40.0% in Incheon. 

In comparison, the percentages of patients in the 

metropolitan cities who underwent surgery in Seoul 

were 50.5% in Daejeon, followed by 33.5% in 

Gwangju, 33.2% in Busan, 22.6% in Ulsan, and 22.1% 

in Daegu. Among patients living in Incheon, 32.8% 

went to hospitals in the Gyeonggi area for surgery.

In the metropolitan provinces, the percentage of 

patients who underwent the operation in the region 

of their residence was 45.5% in Gyeonggi Province, 

followed by 37.5% in Jeonbuk and 32.1% in Jeju 

Province. The percentage was lowest in Chungbuk 

(5.2%) and Gyeongbuk (2.1%). The percentage of pa-

tients living in the metropolitan provinces under-

going surgery in Seoul were 75.7% in Chungbuk, fol-

lowed by 59.1% in Jeju, 55.5% in Chungnam, and 

50.7% in Jeonbuk. Patients residing in Jeonnam, 

Gyeongbuk, and Gyeongnam had high rates of using 

hospitals in the nearby metropolitan cities (Table 2).

2) Simple congenital heart surgery

The volume and percentages of the use of simple 

congenital heart surgery of a region between 2003 

and 2013 were analyzed based on the patient’s resi-

dence and location of the hospital. Among patients 

living in Seoul, 93.9% underwent procedures or sur-

gery in Seoul. In comparison, among patients residing 

in Gyeonggi Province, 34.8% underwent surgery in 

the region, while 63.4% underwent surgery in Seoul.

In other metropolitan cities, the percentages of pa-

tients who underwent the operation in the region of 

their residence ranged between 14.8% and 72.6%: 

72.6% in Daegu, 59.9% in Busan, 46.2% in Gwangju, 

38.5% in Daejeon, 21.6% in Incheon, and 14.8% in 

Ulsan. In comparison, the percentages of patients in 

the metropolitan cities who underwent surgery in 

Seoul were 53.9% in Daejeon, followed by 45.0% in 

Gwangju, 36.7% in Ulsan, 29.9% in Incheon, 23.3% 

in Daegu, and 13.5% in Busan. Among patients living 

in Incheon, 47.9% went to hospitals in Gyeonggi for 

surgery. 25.7% of the patients living in Busan as well 

as 16.5% of patients living in Ulsan used hospitals in 

Gyeongnam for surgery.

In the metropolitan provinces, the percentage of 

patients who underwent the operation in the region 

of their residence was 53.4% in Jeonbuk, followed by 

36.5% in Gyeongnam and 34.8% in Gyeonggi Province. 

The percentage was lowest in Jeonnam (2.3%) and 

Gyeongbuk (0.8%). The percentages of patients living 

in the metropolitan provinces undergoing surgery in 

Seoul were 71.5% in Gangwon, followed by 70.1% in 

Chungbuk, 69.9% in Jeju, and 65.9% in Chungnam. 

Patients residing in Jeonnam, Gyeongbuk, and Gyeo-

ngnam had high rates of using hospitals in the near-

by metropolitan cities (Table 3).
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Fig. 1. Heart surgery classification code analysis.

Fig. 2. Coronary artery bypass (2003–2013).

Fig. 3. Simple congenital cardiac surgery (2003–2013).

Fig. 4. Valvuloplasty (2003–2013).

Fig. 5. Complex congenital cardiac surgery (2003–2013).

3) Valvuloplasty

The volume and percentages of the use of valvulo-

plasty of a region between 2003 and 2013 were ana-

lyzed based on the patient’s residence and location 

of the hospital. Among patients living in Seoul, 90.3% 

underwent procedures or surgery in Seoul. In com-

parison, among patients residing in Gyeonggi Province, 

39.9% underwent surgery in the region, while 58.9% 

underwent surgery Seoul.

In other metropolitan cities, the percentages of pa-

tients who underwent the operation in the region of 

their residence ranged between 20.0% and 68.5%: 

68.5%, in Daegu, 55.3% in Gwangju, 34.0% in Busan, 

28.1% in Daejeon, 25.0% in Ulsan, and 20.0% in 

Incheon. In comparison, the percentages of patients 
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in the metropolitan cities who underwent surgery in 

Seoul were 62.5% in Daejeon, followed by 48.6% in 

Ulsan, 43.3% in Busan, 34.2% in Gwangju, 29.3% in 

Daegu, and 24.3% in Incheon. Among patients living 

in Incheon, 55.3% went to hospitals in Gyeonggi for 

surgery. About 10.1% of the patients living in Ulsan 

underwent surgery in hospitals in Busan.

In the metropolitan provinces, the percentages of 

patients who underwent surgery in the region of 

their residence were 49.6% in Jeonbuk, followed by 

39.9% in Gyeonggi and 22.9% in Gyeongnam Province. 

The percentage was lowest in Chungbuk (7.5%), 

Chungnam (3.2%), and Gyeongbuk (0.7%). The per-

centages of patients living in the metropolitan prov-

inces undergoing surgery in Seoul were 71.0% in 

Jeju, followed by 67.0% in Chungbuk, 63.0% in 

Chungnam, and 58.9% in Gyeonggi. 22.4% of patients 

in Chungnam underwent surgery in the Gyeonggi 

region. Patients residing in Gyeongbuk and Jeonnam 

had high rates of using hospitals in the nearby met-

ropolitan cities (Table 4).

4) Complex congenital heart surgery

The volume and percentage of the use of complex 

congenital heart surgery of a region between 2003 

and 2013 were analyzed based on the patient’s resi-

dence and location of the hospital. Among patients 

living in Seoul, 93.2% underwent procedures or sur-

gery in Seoul. In comparison, among patients residing 

in Gyeonggi Province, 28.0% underwent surgery in 

the region, while 70.8% underwent surgery Seoul.

In other metropolitan cities, the percentages of pa-

tients who underwent the operation in the region of 

their residence ranged between 1.5% and 57.6%: 

57.6% in Daegu, 51.8% in Busan, 29.3% in Daejeon, 

28.4% in Gwangju, 9.4% in Incheon, and 1.5% in 

Ulsan. In comparison, the percentages of patients in 

the metropolitan cities who underwent surgery in 

Seoul were 59.5% in Daejeon, followed by 56.0% in 

Gwangju, 44.5% in Ulsan, 41.0% in Incheon, 28.2% 

in Daegu, and 14.9% in Busan. About 49.0% of the 

patients living in Incheon, 15.5% of patients residing 

in Gwangju, and 11.8% of patients living in Daegu 

went to hospitals in Gyeonggi for surgery. 32.3% of 

patients living in Busan used medical institutions in 

Gyeongnam and 29.3% of patients in Ulsan went to 

hospitals in Busan for surgery.

In the metropolitan provinces, the percentages of 

patients who underwent surgery in the region of 

their residence were 31.2% in Gyeongnam, followed 

by 28.0% in Gyeonggi and 18.2% in Jeonbuk. The 

percentage was lowest in Chungnam (1.2%), Jeonnam 

(0.9%), and Gyeongnam (0.0%). The percentages of 

patients living in the metropolitan provinces under-

going surgery in Seoul were 85.6% in Gangwon, fol-

lowed by 79.1% in Jeju, 77.0% in Chungbuk, 72.6% 

in Chungnam. Patients residing in Gyeongbuk and 

Gyeongnam had high rates of using hospitals in the 

nearby metropolitan cities (Table 5).

5) Aorta surgery

The volume and percentages of the use of aorta 

surgery of a region between 2003 and 2013 were 

analyzed based on the patient’s residence and loca-

tion of the hospital. Among patients living in Seoul, 

89.8% underwent procedures or surgery in Seoul. In 

comparison, among patients residing in Gyeonggi 

Province, 38.0% underwent surgery in the region, 

while 59.2% underwent surgery Seoul.

In other metropolitan cities, the percentages of pa-

tients who underwent the operation in the region of 

their residence ranged between 40.1% and 70.0%: 

70.0% in Busan, 69.6% in Daegu, 47.3% in Ulsan, 

46.5% in Gwangju, 44.6% in Daejeon, and 40.1% in 

Incheon. In comparison, the percentages of patients 

in the metropolitan cities who underwent surgery in 

Seoul were 44.3% in Daejeon, followed by 42.7% in 

Gwangju, 32.8% in Incheon, 26.4% in Ulsan, 24.6% 

in Daegu, and 21.5% in Busan. 25.7% of the patients 

living in Incheon went to hospitals in Gyeonggi for 

surgery.

In the metropolitan provinces, the percentages of 

patients who underwent surgery in the region of 

their residence were 51.0% in Jeonbuk, followed by 

38.0% in Gyeonggi and 27.6% in Gyeongnam. The 

percentage was lowest in Chungbuk (7.7%) and 

Gyeongnam (0.5%). The percentages of patients liv-

ing in the metropolitan provinces undergoing surgery 

in Seoul were 67.1% in Jeju, followed by 65.0% in 

Gangwon, 63.5% in Chungbuk, and 59.2% in Gyeonggi. 

Patients residing in Jeonnam, Gyeongbuk, and Gye-

ongnam had high rates of using hospitals in the 

nearby metropolitan cities (Table 6).

6) Coronary artery procedures and surgery

The volume and percentage of the use of coronary 



Kyeong Soo Lee, et al

− S12 −

artery procedures and surgery of a region between 

2003 and 2013 were analyzed based on the patient’s 

residence and location of the hospital. Among pa-

tients living in Seoul, 89.7% underwent procedures 

or surgery in Seoul. In comparison, among patients 

residing in Gyeonggi Province, 64.3% underwent sur-

gery in the region, while 30.1% underwent surgery 

in Seoul.

In other metropolitan cities, the percentages of pa-

tients who underwent the surgery in the region of 

their residence ranged between 63.0% and 92.3%: 

92.3% Daegu, 92.2% in Gwangju, 90.7% in Busan, 

90.3% in Daejeon, 84.6% in Ulsan, and 63.0% in 

Incheon. In comparison, the percentages of patients 

in the metropolitan cities who underwent surgery in 

Seoul were 12.1% in Incheon, followed by 6.2% in 

Daejeon, 4.4% in Gwangju, 3.8% in Daegu, 3.1% in 

Ulsan, and 2.9% in Busan. 23.0% of the patients liv-

ing in Incheon went to hospitals in the Gyeonggi 

area for surgery.

In the metropolitan provinces, the percentages of 

patients who underwent surgery in the region of their 

residence were 82.3% in Jeju, followed by 77.8% in 

Jeonbuk, 75.1% in Gangwon, 64.3% in Gyeonggi. The 

percentage was lowest in Chungnam (42.5%) and 

Jeonnam (33.9%). The percentages of patients living 

in the metropolitan provinces undergoing surgery in 

Seoul were 30.1% in Gyeonggi, 16.4% in Chungnam, 

and 15.8% in Chungbuk. Patients residing in Chungnam, 

Jeonnam, Gyeongbuk, and Gyeongnam had high rates 

of using hospitals in the nearby metropolitan cities 

(Table 7).

Discussion

This study analyzed surgery status of patients who 

underwent cardiovascular surgery, based on the data 

on common cardiac surgery from NHIS from January 

2003 to December 2013. During the 11 years, the 

overconcentration of patients in medical institutions 

in Seoul rarely showed any change in coronary ar-

tery bypass and aorta surgery. The concentrated use 

of hospitals in Seoul for simple congenital heart sur-

gery and coronary artery procedures and surgery has 

decreased slightly. In contrast, for complex congenital 

heart surgery, the rate of surgery performed in Seoul 

has mildly increased.

Regarding the volume of surgery during the 11 

years of the study period, 12,866 and 7,941 cases of 

coronary artery bypass and simple congenital heart 

surgery, respectively, were performed in Seoul for 

patients living outside the metropolitan area. The fig-

ure for coronary artery bypass exceeds the number 

of surgery cases performed for patients living in Seoul 

(9,259 cases) by 3,626 cases. The figure for simple 

congenital heart surgery outnumbers the quantity of 

surgery cases performed for patients living in Seoul 

(4,423 cases) by 3,518 cases. These results show that 

overconcentration of patients who had heart surgery 

in hospitals in Seoul is serious. Therefore, policy 

measures to address the issue should be developed 

immediately.

A similar problem occurs in other regions outside 

Seoul: patients in Gyeongnam, Gyeongbuk, and Jeonnam 

prefer to go to Busan, Daegu, and Gwangju for heart 

surgery. Policies to alleviate the situation both in Seoul 

and other metropolitan areas should be planned. 

Results from a public survey [6] indicate that more 

than 90% of respondents agree with such a policy 

plan, and that public sentiment is favorable.

The Korean government employed a strategy to 

designate and run a single regional center in each 

area. However, that has caused unnecessary competi-

tion among comparable university hospitals in the 

same region. Moreover, the strategy failed to lead to 

mutually beneficial cooperation between the des-

ignated center and other university hospitals.

Such limitations have also revealed that the strat-

egy failed to achieve its initial goal: alleviating over-

concentration of patients in metropolitan cities by es-

tablishing a regional cooperative system and strength-

ening regional capacity in medical care. Moreover, co-

operation in preventive programs, training programs, 

and promotion activities is weak among most region-

al centers, revealing limitations in gathering and or-

ganizing capabilities of the communities.

Furthermore, the decline in the number of resi-

dents and specialists in the thoracic surgery depart-

ment—which performs heart surgery—is gaining mo-

mentum. In most regions, except for Seoul, human 

resources, facilities, and the equipment in a medical 

institution are subpar. Considering this situation, des-

ignation of a single regional center may not drasti-

cally enhance surgical performance of the region, 

possibly resulting in ineffective outcomes.

To address such challenges, we propose that the 



Longitudinal Trend, Cardiac Surgery, Korea

− S13 −

government designate 3 or 4 centers in each region 

and facilitate the creation and operation of networks 

among them. This can minimize unnecessary com-

petition among university hospitals in the region. 

Moreover, regional capacity for surgery would be en-

hanced and win-win cooperation among the medical 

institutions in selected services may occur.

In particular, for less complex cardiac surgery, a 

policy is needed to designate metropolitan cities and 

provinces as a regional unit. For heart surgery with 

higher complexity, regional units should be the mini-

mum units in deploying resources and implementing 

support strategies. This may be an answer to solve 

the overconcentration of cardiac patients in Seoul at 

national and regional levels. Furthermore, such a strat-

egy would be effective in strengthening regional ca-

pacity for cardiac surgery.

In conclusion, based on the results of this study, 

we need to address the current overconcentration of 

cardiac patients in the capital city as well as some 

metropolitan cities at the national level. To that end, 

fostering the necessary human resources and expand-

ing facilities by designating and operating heart cen-

ters are needed. Moreover, at the policy level, setting 

multiple regional centers instead of a single one is 

desired to improve regional capacity for cardiac surgery.
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