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ABSTRACT

Background: To analyze the outcomes of clipping and coiling for ruptured intracranial 
aneurysms (RIAs) based on data from the National Health Insurance Service in South Korea, 
with a focus on variations according to region and hospital size.
Methods: This study analyzed the one-year mortality rates for patients with RIAs who 
underwent clipping or coiling in 2018. Coiling was further categorized into non-stent assisted 
coiling (NSAC) and stent assisted coiling (SAC). Hospitals were classified as tertiary referral 
general hospitals (TRGHs), general hospitals (GHs), or semi-general hospitals (sGHs) based 
on size. South Korea’s administrative districts were divided into 15 regions for analysis.
Results: In 2018, there were 2,194 (33.1%) clipping procedures (TRGH, 985; GH, 827; sGH, 
382) and 4,431 (66.9%) coiling procedures (TRGH, 1,642; GH, 2076; sGH, 713) performed 
for RIAs treatment. Among hospitals performing more than 20 treatments, the one-year 
mortality rates following clipping or coiling were 11.2% and 16.0%, respectively, with no 
significant difference observed. However, there was a significant difference in one-year 
mortality between NSAC and SAC (14.3% vs. 19.5%, P = 0.034), with clipping also showing 
significantly lower mortality compared to SAC (P = 0.019). No significant differences in other 
treatment modalities were observed according to hospital size, but clipping at TRGHs had 
significantly lower mortality than at GHs (P = 0.042). While no significant correlation was 
found between the number of treatments and outcomes at GHs, at TRGHs, a higher volume 
of clipping procedures was significantly associated with lower total mortality (P = 0.023) and 
mortality after clipping (P = 0.022).
Conclusion: Using Korea NHIS data, mortality rates for RIAs showed no significant variation 
by hospital size due to coiling’s prevalence. However, differences in clipping outcomes by 
hospital size and volume in TRGH highlight the need for national efforts to improve clipping 
skills and standardization. Additionally, the higher mortality rate with SAC emphasizes the 
importance of precise indications for its application.
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INTRODUCTION

Advancements in diagnostic technologies for intracranial aneurysms (IAs), an increase in the 
treatment of unruptured intracranial aneurysms (UIAs), and control of hypertension have led 
to a decrease in the incidence of ruptured intracranial aneurysms (RIAs). However, despite 
these improvements, the number of cases of RIAs remains at a level similar to that of 10 years 
ago due to the increase in the elderly population.1,2 The evolution and increased accessibility 
of endovascular treatment modalities have led to a nationwide expansion in facilities capable 
of offering such interventions, subsequently elevating the total volume of interventions for 
RIAs. Concurrently, as endovascular treatment options become more prevalent, there has 
been a notable decline in the utilization and frequency of surgical clipping procedures.1,3

In the expanding field of IAs treatment, particularly in endovascular intervention, the diversity 
in the location and capacity of healthcare facilities has led to varied outcomes. This variation 
in treatment outcomes for IAs, based on regional and hospital size differences, suggests 
that research analyzing these factors can aid in improving the healthcare system. In the 
United States, studies have been published analyzing the treatment outcomes for RIAs by 
region and hospital size.4,5 Despite the significance of RIA treatment outcomes within the 
emergency medical system, in South Korea, only studies on the treatment outcomes for 
UIAs have been reported.3

To address this gap, our study utilized data from the National Health Insurance Service 
(NHIS) of South Korea to evaluate the nationwide outcomes of RIAs treatments, analyzing 
the variations by region and hospital size.

METHODS

Data source
The NHIS database was employed to conduct a retrospective cohort study that assessed 
the clinical outcomes of clipping and coiling in patients with RIAs in 2018. The NHIS, 
which encompasses the health data of approximately 98% of the South Korean population, 
provides a comprehensive clinical data repository that includes diagnostic, therapeutic, and 
financial healthcare information, along with inpatient and outpatient records. The database’s 
demographic homogeneity, which includes health records from around 50 million individuals 
of a single ethnic background, is particularly conducive to epidemiological and observational 
research, with its validity supported by a multitude of scientific publications. To ensure the 
robustness of the data, this study was restricted to information from tertiary referral general 
hospitals (TRGHs), general hospitals (GHs), and semi-general hospitals (sGHs) with primary 
healthcare data being intentionally excluded to minimize data variability.

Study population and cohort design
Individuals subjected to clipping or coiling for RIAs were identified utilizing the International 
Classification of Diseases, 10th Revision (ICD-10) diagnostic codes, subsequently categorized 
according to the Korean Classification of Diseases (KCD) codes. To ensure the inclusion of 
patients treated specifically for RIAs rather than UIAs, only those diagnosed with RIA (e.g., 
ICD code I60) for the first time in an emergency department or during hospitalization in 2018 
were selected, excluding any individuals with a documented history of RIA in the preceding 
five years. From this group, only patients who received clipping or coiling (e.g., KCD codes 
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S4641, S4642, M1661 and M1662) were included in the study cohort. Those with a history of 
intracranial pathologies such as brain trauma (e.g., ICD codes S06–S09), brain tumors (e.g., 
ICD codes C41.0, C75.2, C71, C79.3, D32.9-D333, D35.3, or D44.4), or infective endocarditis 
(e.g., ICD code I33) were excluded to eliminate cases of pseudoaneurysm or other lesions that 
could influence the treatment outcomes for RIAs.

Hospital classification was based on size and capability: TRGHs are defined as facilities 
with over 500 beds, more than 20 medical departments, and specialists in each department; 
GHs have over 100 beds and more than 7 departments; sGHs possess over 30 beds and also 
maintain more than 7 departments. Geographically, the Republic of Korea was divided into 
15 regions according to administrative districts, with hospitals in each region being analyzed 
based on their classification.

Outcomes and study variables
Due to the accurate and error-free recording of death dates for all subjects in the NHIS 
database, clinical outcomes following clipping or coiling for RIAs were assessed using post-
treatment mortality. To differentiate between short-term and long-term outcomes, mortality 
within 3 months and mortality within 1 year were established as the outcome variables. To 
encompass all deaths directly or indirectly related to RIA, all-cause mortality was included as 
a variable. Each of the aforementioned outcome variables was then analyzed in relation to the 
size of the hospitals within each region.

Validation of NHIS data with real-world data
To ascertain the reliability of the study, a comparative analysis was conducted utilizing 
real-world data. The data from the institute that performed the sixth-highest number 
of treatments for RIAs in 2018 in Korea served as the basis for comparison with the 
corresponding NHIS data. The compared variables encompassed the total number of patients 
who underwent clipping and coiling procedures for RIAs in 2018, as well as the mortality 
rates within three months post-procedure by modality. According to the records from 
this representative institute, 39 patients underwent clipping, and 43 patients underwent 
coiling for RIAs. Within three months post-procedure, mortality was observed in 3 (7.7%) 
patients following clipping and 1 (2.3%) patient following coiling. In contrast, the NHIS 
data indicated that 44 patients underwent clipping and 44 underwent coiling for RIAs, with 
mortality rates within three months post-procedure being 3 (6.8%) and 1 (2.3%) patients, 
respectively. Concordance rates between the NHIS data and the real-world data for each 
variable were determined to be 88.6%, 97.7%, 100%, and 100%, respectively.

Data analysis
Data manipulation and extraction procedures were performed using SAS software (version 
9.4; SAS Institute Inc., Cary, NC, USA). The distributions of the data were assessed for 
normality using the Kolmogorov-Smirnov test and the Shapiro-Wilk test, confirming non-
normal distributions. To compare mortality by treatment modality, the Mann-Whitney U test 
and the Wilcoxon signed-rank test were utilized. The Mann-Whitney U test was also employed 
to analyze mortality by treatment modality according to the size of the hospital. Correlations 
between the number of treatments and treatment outcomes were analyzed using Spearman 
rank correlation analysis. P values less than 0.05 were considered statistically significant.
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Ethics statement
The Institutional Review Board of Seoul National University Bundang Hospital (X-1810/498-
903) reviewed and approved the study, waiving the requirement for informed consent owing 
to the retrospective nature of the analysis.

RESULTS

Hospital and regional distribution of procedures for RIAs in 2018
In 2018, a total of 2,194 (33.1%) clipping procedures and 4,431 (66.9%) coiling procedures 
were performed for RIAs, in 398 and 572 hospitals, respectively. The regions with the highest 
number of clipping procedures included Seoul with 513 (23.4%), Gyeonggi-do with 387 
(17.6%), and Gwangju with 298 (13.6%), while the most coiling procedures were performed in 
Gyeonggi-do (920, 20.8%), Seoul (832, 18.8%), and Busan (321, 7.2%). Clipping procedures 
for RIAs were performed by 40 TRGHs, 124 GHs, and 234 sGHs, with respective procedure 
volumes of 985 (44.9%), 827 (37.7%), and 382 (17.4%). Coiling procedures were conducted by 
41 TRGHs, 151 GHs, and 380 sGHs, with respective volumes of 1,642 (37.1%), 2,076 (46.9%), 
and 713 (16.1%). (Table 1)

Comparison of mortality following procedures for RIAs by hospital size and 
region
Following clipping, the 3-month mortality rates were 7.82% at TRGH and 10.76% at GH, with 
a lower trend observed at TRGH nationwide, although the difference was not statistically 
significant (P = 0.071). In contrast, the 1-year mortality rates were 9.85% at TRGH and 
14.15% at GH, which was significantly lower at TRGH (P = 0.025). After coiling, the 3-month 
mortality rates were 13.58% at TRGH and 14.88% at GH (P = 0.792), and the 1-year mortality 
rates were 16.80% at TRGH and 17.79% at GH (P = 0.187). There was no significant difference 
in mortality after coiling between THGH and GH (Table 2).

Treatment outcomes at hospitals that performed more than 20 RIAs 
treatments according to treatment modality
An analysis was conducted on hospitals that had performed over 20 treatments for RIAs.  
In 2018, 38 TRGHs and 38 GHs treated more than 20 cases of RIAs. A total of 4,059 
treatments were performed, with clipping accounting for 1,340 cases (33.0%) and coiling 
for 2,719 cases (67.0%). Of the coiling procedures, 1,970 (72.5%) were non-stent assisted 
coiling (NSAC) and 749 (27.5%) were stent assisted coiling (SAC) (Table 3). The overall 
1-year mortality rate following treatment for RIAs was 14.4%, with the 1-year mortality 
rates post-clipping and post-coiling being 11.2% and 16.0%, respectively. There was no 
significant difference in mortality between the two treatment modalities (P = 0.077). The 
1-year mortality rates following NSAC and SAC were 14.3% and 19.5%, respectively, with SAC 
showing significantly higher mortality (P = 0.002). There was no significant difference in 
mortality between clipping and NSAC (P = 0.73), however, clipping had significantly lower 
mortality compared to SAC (P = 0.019) (Table 4).

Treatment outcomes at hospitals that performed more than 20 RIAs 
treatments according to hospital size
Treatment for RIAs was performed in 2,429 cases (59.8%) at TRGH and 1,630 cases (40.2%) 
at GH, with a 1-year mortality of 13.6% at TRGH and 15.6% at GH, showing no significant 
statistical difference (P = 0.275). Clipping was performed in 865 cases (64.6%) at TRGH and 
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475 cases (35.4%) at GH, with a 1-year mortality of 9.4% at TRGH compared to 14.5% at GH, 
which was significantly lower at TRGH (P = 0.042). On the other hand, coiling was performed 
in 1,564 cases (57.5%) at TRGH and 1,155 cases (42.5%) at GH, with a 1-year mortality of 
15.9% at TRGH versus 16.1% at GH, showing no significant difference between TRGH and 
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Table 1. Number of hospitals and procedures for ruptured intracranial aneurysms by region and hospital size in 2018
Regions No. of hospitals No. of procedures

Clipping Coiling Clipping Coiling
Tertiary referral general hospital

Overall 40 41 985 1,642
Seoul 13 13 303 386
Incheon 3 3 47 186
Gyeonggi-do 5 5 136 229
Gangwon-do 1 1 5 33
Busan 4 4 81 187
Daegu 4 5 117 178
Ulsan 0 0 0 0
Gyeongsangnam-do 2 2 37 126
Gyeongsangbuk-do 0 0 0 0
Gwangju 2 2 146 40
Jeollanam-do 0 0 0 0
Jeollabuk-do 2 2 63 79
Daejeon 1 1 3 47
Chungcheongnam-do 2 2 19 56
Chungcheongbuk-do 1 1 28 7

General hospital
Overall 124 151 827 2,076
Seoul 20 22 152 335
Incheon 4 9 21 72
Gyeonggi-do 22 28 168 501
Gangwon-do 5 7 29 115
Busan 8 10 94 74
Daegu 4 2 31 46
Ulsan 2 5 11 96
Gyeongsangnam-do 6 12 19 112
Gyeongsangbuk-do 8 12 31 226
Gwangju 14 7 98 31
Jeollanam-do 12 5 59 19
Jeollabuk-do 7 6 42 43
Daejeon 5 8 21 151
Chungcheongnam-do 2 8 2 48
Chungcheongbuk-do 6 6 26 86

Semi-general hospital
Overall 234 380 382 713
Seoul 39 48 58 111
Incheon 13 22 25 54
Gyeonggi-do 54 104 83 190
Gangwon-do 7 10 7 13
Busan 21 32 33 60
Daegu 16 26 30 54
Ulsan 3 6 3 21
Gyeongsangnam-do 9 31 9 54
Gyeongsangbuk-do 6 26 8 33
Gwangju 22 13 54 17
Jeollanam-do 9 8 15 9
Jeollabuk-do 17 16 26 25
Daejeon 8 12 11 30
Chungcheongnam-do 1 10 3 12
Chungcheongbuk-do 7 7 12 3
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Table 2. Comparison of mortality within 3 months and 1 year after clipping and coiling for ruptured aneurysms by 
hospital size according to region
Regions Clipping Coiling

3-month mortality, % 1-year mortality, % 3-month mortality, % 1-year mortality, %
TRGH GH TRGH GH TRGH GH TRGH GH

P value 0.071 0.025 0.792 0.187
Overall 7.82 10.76 9.85 14.15 13.58 14.88 16.80 17.79
Seoul 5.28 8.55 7.92 12.50 7.77 12.84 10.62 15.22
Incheon 12.77 9.52 14.89 14.29 16.67 16.67 18.28 19.44
Gyeonggi-do 6.62 13.69 7.35 17.86 10.04 12.38 12.23 14.17
Gangwon-do NA 6.90 NA 10.34 18.18 12.17 24.24 13.91
Busan 9.88 8.51 13.58 13.83 16.04 14.86 20.86 21.62
Daegu 7.69 9.68 7.69 12.90 17.98 15.22 21.91 19.57
Ulsan NA 18.18 NA 18.18 NA 14.58 0.00 15.63
Gyeongsangnam-do 8.11 26.32 10.81 26.32 16.67 18.75 19.05 20.54
Gyeongsangbuk-do NA 16.13 NA 22.58 NA 21.24 0.00 25.22
Gwangju 8.90 4.08 10.27 5.10 12.50 19.35 17.50 29.03
Jeollanam-do NA 6.78 NA 6.78 NA 15.79 0.00 21.05
Jeollabuk-do 9.52 14.29 11.11 19.05 16.46 4.65 20.25 16.28
Daejeon NA 9.52 NA 14.29 19.15 13.25 19.15 14.57
Chungcheongnam-do 15.79 NA 21.05 NA 19.64 27.08 26.79 31.25
Chungcheongbuk-do 7.14 23.08 7.14 23.08 0.00 20.93 14.29 22.09
GH = general hospital, TRGH = tertiary referral general hospital, NA = not applicable.

Table 3. Treatment outcomes at hospitals that performed more than 20 ruptured intracranial aneurysms treatments in 2018
Hospital size Region Total number Clipping, No. 

(%)
Coiling, No. 

(%)
Coiling 1-year mortality, %

NSAC, No. (%) SAC, No. (%) Total Clipping Coiling NSAC SAC
1 TRGH Gyeongsang-do 124 35 (28.2) 89 (71.8) 65 (73.0) 24 (27.0) 8.6 10.5 7.9 4.6 16.7
2 TRGH Jeolla-do 102 68 (66.7) 34 (33.3) 23 (67.6) 11 (32.4) 7.7 5.6 11.8 13.0 9.1
3 TRGH Gyeongsang-do 101 15 (14.9) 86 (85.1) 46 (53.5) 40 (46.5) 14.7 5.6 16.3 17.4 15.0
4 TRGH Gyeonggi-do 100 15 (15.0) 85 (85.0) 68 (80.0) 17 (20.0) 10.7 11.1 10.6 7.4 23.5
5 TRGH Gyeongsang-do 97 19 (19.6) 78 (80.4) 49 (62.8) 29 (37.2) 11.1 9.1 11.5 10.2 13.8
6 TRGH Gyeonggi-do 88 44 (50.0) 44 (50.0) 35 (79.5) 9 (20.5) 5.4 8.5 2.3 0.0 11.1
7 TRGH Chungcheong-do 85 5 (5.9) 80 (94.1) 46 (57.5) 34 (42.5) 22.2 37.5 21.3 23.9 17.6
8 TRGH Gyeonggi-do 84 38 (45.2) 46 (54.8) 41 (89.1) 5 (10.9) 10.5 4.9 15.2 14.6 20.0
9 TRGH Jeolla-do 79 72 (91.1) 7 (8.9) 6 (85.7) 1 (14.3) 9.9 5.3 57.1 13.6 18.2

10 TRGH Gyeonggi-do 76 11 (14.5) 65 (85.5) 52 (80.0) 13 (20.0) 12.9 7.1 13.8 15.4 7.7
11 TRGH Gyeongsang-do 75 32 (42.7) 43 (57.3) 37 (86.0) 6 (14.0) 20.4 22.9 18.6 18.9 16.7
12 GH Jeolla-do 73 49 (67.1) 24 (32.9) 16 (66.7) 8 (0.0) 14.8 7.7 29.2 18.8 50.0
13 GH Gyeongsang-do 71 52 (73.2) 19 (26.8) 11 (47.4) 8 (42.1) 17.4 21.8 5.3 0.0 12.5
14 GH Ulsan 70 3 (4.3) 67 (95.7) 40 (59.7) 27 (40.3) 15.0 16.7 14.9 17.5 11.1
15 TRGH Seoul 70 22 (31.4) 48 (68.6) 37 (77.1) 11 (22.9) 12.2 16.0 10.4 8.1 18.2
16 TRGH Jeolla-do 69 40 (58.0) 29 (42.0) 24 (82.8) 5 (17.2) 17.0 9.3 27.6 29.2 20.0
17 TRGH Gyeongsang-do 67 18 (26.9) 49 (73.1) 29 (59.2) 20 (40.8) 16.0 9.5 18.4 17.2 20.0
18 TRGH Seoul 67 37 (55.2) 30 (44.8) 18 (60.0) 12 (40.0) 11.2 17.5 3.3 5.6 0.0
19 TRGH Jeolla-do 66 17 (25.8) 49 (74.2) 40 (81.6) 9 (18.4) 16.0 15.0 16.3 12.5 33.3
20 TRGH Seoul 65 21 (32.3) 44 (67.7) 31 (70.5) 13 (29.5) 5.8 8.3 4.5 3.2 7.7
21 TRGH Gyeonggi-do 65 14 (21.5) 51 (78.5) 42 (82.4) 9 (17.6) 13.6 5.9 15.7 14.3 22.2
22 GH Gyeongsang-do 64 2 (3.1) 62 (96.9) 30 (48.4) 32 (51.6) 10.0 20.0 9.7 10.0 9.4
23 GH Gyeonggi-do 64 17 (26.6) 47 (73.4) 41 (87.2) 6 (12.8) 6.3 0.0 8.5 7.3 16.7
24 GH Gyeongsang-do 64 23 (35.9) 41 (64.1) 32 (78.0) 9 (22.0) 18.0 15.4 19.5 18.8 22.2
25 GH Gyeonggi-do 62 8 (12.9) 54 (87.1) 45 (83.3) 9 (16.7) 10.0 27.3 7.4 6.7 11.1
26 TRGH Gyeonggi-do 61 9 (14.8) 52 (85.2) 34 (65.4) 18 (34.6) 32.8 33.3 32.7 29.4 38.9
27 TRGH Seoul 61 13 (21.3) 48 (78.7) 39 (81.3) 9 (18.8) 7.9 6.3 8.3 10.3 0.0
28 GH Seoul 60 9 (15.0) 51 (85.0) 36 (70.6) 15 (29.4) 29.2 16.7 31.4 27.8 40.0
29 GH Gyeonggi-do 60 2 (3.3) 58 (96.7) 47 (81.0) 11 (19.0) 8.0 40.0 6.9 6.4 9.1
30 TRGH Gyeongsang-do 59 16 (27.1) 43 (72.9) 24 (55.8) 19 (44.2) 24.6 15.8 27.9 20.8 36.8
31 TRGH Gyeongsang-do 57 45 (78.9) 12 (21.1) 8 (66.7) 4 (33.3) 12.2 2.1 50.0 9.5 35.7
32 GH Gangwon-do 56 8 (14.3) 48 (85.7) 39 (81.3) 9 (18.8) 8.9 0.0 10.4 12.8 0.0

(continued to the next page)



GH (P = 0.775). Similarly, no significant difference in 1-year mortality was observed between 
hospital sizes for NSAC (P = 0.93) and SAC (P = 0.457) (Table 5).

Correlation analysis between hospital size, RIA treatment volume, and 
treatment outcomes
In the TRGH group, as the number of clipping procedures for RIAs increased, both the total 
1-year mortality (P = 0.023; rho = −0.368) and the one-year mortality after clipping (P = 0.022;  
rho = −0.370) significantly decreased. In contrast, for coiling, there was no significant 
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Hospital size Region Total number Clipping, No. 
(%)

Coiling, No. 
(%)

Coiling 1-year mortality, %
NSAC, No. (%) SAC, No. (%) Total Clipping Coiling NSAC SAC

33 GH Gyeonggi-do 55 13 (23.6) 42 (76.4) 15 (35.7) 27 (64.3) 19.3 12.5 21.4 20.0 22.2
34 TRGH Seoul 55 21 (38.2) 34 (61.8) 21 (61.8) 13 (38.2) 18.0 4.2 26.5 23.8 30.8
35 TRGH Gyeonggi-do 54 24 (44.4) 30 (55.6) 25 (83.3) 5 (16.7) 12.6 7.4 16.7 12.0 40.0
36 TRGH Gyeongsang-do 53 17 (32.1) 36 (67.9) 22 (61.1) 14 (38.9) 12.9 5.0 16.7 9.1 28.6
37 TRGH Seoul 53 25 (47.2) 28 (52.8) 23 (82.1) 5 (17.9) 12.8 7.1 17.9 17.4 20.0
38 GH Jeju-do 52 10 (19.2) 42 (80.8) 36 (85.7) 6 (14.3) 22.2 15.4 23.8 25.0 16.7
39 TRGH Gyeongsang-do 50 8 (16.0) 42 (84.0) 35 (83.3) 7 (16.7) 19.8 36.4 16.7 8.6 57.1
40 GH Seoul 50 5 (10.0) 45 (90.0) 32 (71.1) 13 (28.9) 34.5 25.0 35.6 31.3 46.2
41 TRGH Seoul 50 19 (38.0) 31 (62.0) 20 (64.5) 11 (35.5) 3.7 4.5 3.2 5.0 0.0
42 GH Seoul 50 13 (26.0) 37 (74.0) 33 (89.2) 4 (10.8) 9.6 6.3 10.8 12.1 0.0
43 GH Gyeonggi-do 49 8 (16.3) 41 (83.7) 36 (87.8) 5 (12.2) 12.6 27.3 9.8 11.1 0.0
44 GH Gyeonggi-do 49 9 (18.4) 40 (81.6) 34 (85.0) 6 (15.0) 11.7 8.3 12.5 14.7 0.0
45 TRGH Gyeonggi-do 48 4 (8.3) 44 (91.7) 32 (72.7) 12 (27.3) 11.6 14.3 11.4 6.3 25.0
46 TRGH Seoul 46 17 (37.0) 29 (63.0) 19 (65.5) 10 (34.5) 8.7 0.0 13.8 15.8 10.0
47 TRGH Seoul 45 40 (88.9) 5 (11.1) 5 (100) 0 (0.0) 10.5 9.3 20.0 20.0 NA
48 TRGH Chungcheong-do 42 25 (59.5) 17 (40.5) 7 (41.2) 10 (58.8) 11.4 7.1 17.6 14.3 25.0
49 GH Chungcheong-do 42 9 (21.4) 33 (78.6) 31 (93.9) 2 (6.1) 22.6 16.7 24.2 22.6 50.0
50 GH Seoul 41 21 (51.2) 20 (48.8) 17 (85.0) 3 (15.0) 6.7 8.3 5.0 5.9 0.0
51 GH Gyeonggi-do 41 9 (22.0) 32 (78.0) 30 (93.8) 2 (6.3) 8.5 16.7 6.3 6.7 0.0
52 TRGH Seoul 41 17 (41.5) 24 (58.5) 18 (75.0) 6 (25.0) 4.5 5.0 4.2 5.6 0.0
53 GH Gyeongsang-do 39 3 (7.7) 36 (92.3) 28 (77.8) 8 (22.2) 6.4 16.7 5.6 3.6 12.5
54 GH Gyeonggi-do 38 34 (89.5) 4 (10.5) 4 (100.0) 0 (0.0) 16.9 18.9 0.0 0.0 NA
55 TRGH Seoul 38 8 (21.1) 30 (78.9) 21 (70.0) 9 (30.0) 7.2 9.1 6.7 4.8 11.1
56 TRGH Seoul 37 14 (37.8) 23 (62.2) 15 (65.2) 8 (34.8) 10.8 0.0 17.4 20.0 12.5
57 GH Gangwon-do 37 7 (18.9) 30 (81.1) 24 (80.0) 6 (20.0) 22.7 20.0 23.3 16.7 50.0
58 GH Gyeongsang-do 37 6 (16.2) 31 (83.8) 17 (54.8) 14 (45.2) 21.6 0.0 25.8 29.4 21.4
59 GH Gyeongsang-do 35 8 (22.9) 27 (77.1) 19 (70.4) 8 (29.6) 25.5 36.4 22.2 15.8 37.5
60 GH Jeolla-do 35 29 (82.9) 6 (17.1) 2 (33.3) 4 (66.7) 21.0 21.9 16.7 0.0 25.0
61 TRGH Gangwon-do 35 2 (5.7) 33 (94.3) 25 (75.8) 8 (24.2) 27.4 80.0 24.2 20.0 37.5
62 GH Jeolla-do 34 23 (67.6) 11 (32.4) 7 (63.6) 4 (36.4) 17.0 7.7 36.4 28.6 50.0
63 TRGH Seoul 33 10 (30.3) 23 (69.7) 18 (78.3) 5 (21.7) 10.7 15.4 8.7 5.6 20.0
64 TRGH Chungcheong-do 31 8 (25.8) 23 (74.2) 16 (69.6) 7 (30.4) 61.9 27.3 73.9 68.8 85.7
65 GH Gyeongsang-do 30 3 (10) 27 (90) 23 (85.2) 4 (14.8) 30.0 33.3 29.6 34.8 0.0
66 GH Gyeonggi-do 30 4 (13.3) 26 (86.7) 21 (80.8) 5 (19.2) 23.8 28.6 23.1 19.0 40.0
67 GH Seoul 29 8 (27.6) 21 (72.4) 19 (90.5) 2 (9.5) 9.4 9.1 9.5 5.3 50.0
68 GH Seoul 28 4 (14.3) 24 (85.7) 17 (70.8) 7 (29.2) 3.6 0.0 4.2 0.0 14.3
69 GH Gyeongsang-do 26 16 (61.5) 10 (38.5) 6 (60.0) 4 (40.0) 7.1 5.3 10.0 16.7 0.0
70 GH Seoul 25 16 (64.0) 9 (36.0) 7 (77.8) 2 (22.2) 10.7 10.5 11.1 5.6 0.0
71 GH Ulsan 25 2 (8.0) 23 (92.0) 15 (65.2) 8 (34.8) 17.6 20.0 17.4 6.7 37.5
72 GH Chungcheong-do 23 12 (52.2) 11 (47.8) 7 (63.6) 4 (36.4) 27.0 26.7 27.3 20.0 40.0
73 GH Seoul 23 12 (52.2) 11 (47.8) 9 (81.8) 2 (18.2) 19.1 20.0 18.2 20.0 0.0
74 GH Gyeonggi-do 22 1 (4.5) 21 (95.5) 10 (47.6) 11 (52.4) 18.2 0.0 19.0 30.0 9.1
75 GH Jeolla-do 21 15 (71.4) 6 (28.6) 4 (66.7) 2 (33.3) 4.0 5.6 0.0 0.0 0.0
76 GH Gyeonggi-do 20 2 (10.0) 18 (90.0) 14 (77.8) 4 (22.2) 12.0 20.0 11.1 6.7 20.0
Total 4,059 1,340 (33.0) 2,719 (67.0) 1,970 (72.5) 749 (27.5) 14.4 11.2 16.0 14.3 19.5
NSAC = non-stent assisted coiling, SAC = stent assisted coiling, TRGH = tertiary referral general hospital, GH = general hospital.

Table 3. (Continued) Treatment outcomes at hospitals that performed more than 20 ruptured intracranial aneurysms treatments in 2018



correlation between the number of procedures performed and total one-year mortality  
(P = 0.288; rho = 0.177) or one-year mortality after coiling (P = 0.109; rho = −0.264) (Fig. 1).

In the GH group, unlike in the TRGH group, there was no significant correlation between the 
number of clipping procedures performed and treatment outcomes. However, for coiling, 
a higher volume of treatments at a hospital was associated with increased total one-year 
mortality (P = 0.009; rho = 0.417), but there was no significant correlation with one-year 
mortality after coiling (P = 0.559; rho = 0.098) (Fig. 2).

DISCUSSION

Several studies have demonstrated the impact of hospital size and procedural volume 
on the treatment outcomes of RIAs. Lindgren et al.4 conducted an analysis of treatment 
outcomes, categorizing hospitals based on an annual case volume of 8,525 patients treated 
for aneurysmal subarachnoid hemorrhage (SAH) at a large tertiary medical center between 
2007 and 2014. Hospitals with an annual case volume exceeding 41 exhibited a low fatality 
rate irrespective of the chosen treatment modality. Another study, utilizing National Inpatient 
Sample data from the United States during 2010 to 2011, demonstrated an improvement 
in outcomes for SAH patients as the number of hospital cases increased, with hospitals 
conducting more than 35 SAH cases per year consistently achieving superior outcomes.5

In our study, utilizing data from the Korean NHIS database in 2018, we observed 2,194 
(33.1%) clipping procedures and 4,431 (66.9%) coiling procedures for RIAs, carried out 
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Table 4. Treatment outcomes at hospitals that performed more than 20 ruptured intracranial aneurysms 
treatments according to treatment modality
Treatment modality No. of patients 1-year mortality, % P value

Mann-Whitney U test Wilcoxon signed-rank test
Clipping 1,340 11.2 0.077 0.135
Coiling 2,719 16.0
NSAC 1,970 14.3 0.034 0.002
SAC 749 19.5
Clipping 0.730 0.821
NSAC
Clipping 0.019 0.003
SAC
NSAC = non-stent assisted coiling, SAC = stent assisted coiling.

Table 5. Treatment outcomes at hospitals that performed more than 20 ruptured intracranial aneurysms 
treatments according to hospital size
Treatment modality Hospital size No. of patients 1-year mortality (%) P value
Total TRGH 2,429 13.6 0.275

GH 1,630 15.6
Clipping TRGH 865 9.4 0.042

GH 475 14.5
Coiling TRGH 1,564 15.9 0.775

GH 1,155 16.1
NSAC TRGH 1,116 13.9 0.93

GH 854 14.8
SAC TRGH 448 20.1 0.457

GH 301 18.6
TRGH = tertiary referral general hospital, GH = general hospital, NSAC = non-stent assisted coiling, SAC = stent 
assisted coiling.
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Fig. 1. Analysis of the correlation between the number of treatments and 1-year mortality at TRGH that performed more than 20 RIAs treatments. (A) As the 
number of clipping procedures for RIAs increased, both the total 1-year mortality (P = 0.023; rho = −0.368) and the one-year mortality after clipping (P = 0.022; 
rho = −0.370) significantly decreased. (B) There was no significant correlation between the number of coiling procedures performed and treatment outcomes. 
TRGH = tertiary referral general hospital, RIA = ruptured intracranial aneurysm.
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Fig. 2. Analysis of the correlation between the number of treatments and 1-year mortality at GH that performed more than 20 RIAs treatments. (A) There was no 
significant correlation between the number of clipping procedures performed and treatment outcomes. (B) A higher volume of coilings at a GH was associated 
with increased total one-year mortality (P = 0.009; rho = 0.417), but there was no significant correlation with 1-year mortality after coiling (P = 0.559; rho = 0.098). 
GH = general hospital, RIA = ruptured intracranial aneurysm.



across 398 and 572 hospitals, respectively. Nationwide, the 1-year mortality rates for total 
cases and coiling cases did not show significant differences between TRGH (total, 13.6%; 
coiling, 16.8%) and GH (total, 15.6%; coiling, 17.8%). However, for clipping procedures, the 
mortality was significantly lower in TRGH (9.9%) compared to GH (14.2%). When analyzing 
only hospitals that performed more than 20 procedures per year, the average 1-year mortality 
was 14.4%. In the case of TRGH, the number of coiling procedures did not show a significant 
correlation with 1-year mortality, whereas a higher volume of clipping procedures was 
associated with significantly lower mortality. This suggests that for RIAs, the volume of coiling 
procedures does not significantly affect the outcomes of coiling, although outcomes for UIAs 
demonstrated a positive correlation with the number of procedures.3 Meanwhile, an increase 
in clipping procedures for RIAs significantly improves the outcomes of clipping itself.

In contrast, for GHs that performed more than 20 procedures per year, the number of 
clipping procedures does not significantly influence the overall 1-year mortality, whereas 
a higher volume of coiling procedures is associated with a significant deterioration in the 
overall outcome. This could be due to the significantly lower number of clipping procedures 
in GH compared to TRGH, likely making it statistically insignificant. This observation 
could therefore postulate potential issues with the indications for coiling or with the quality 
management of coiling procedures. Particularly, the 1-year mortality rate for SAC at 19.5% 
was significantly higher than for clipping at 11.2% and NSAC at 14.3%, indicating the need 
for careful consideration in treatment decisions.

Several studies demonstrating a more favorable outcome of coiling compared to clipping 
in RIAs have positioned coiling as a crucial treatment modality, alongside clipping, for 
managing patients with SAH.6-10 Based on these findings, coiling has been the preferred 
approach over surgical clipping for treating SAH since 2013 in South Korea, and this 
preference continues to grow annually.1 However, the application of stents in RIAs raises 
concerns due to the associated risk of complications arising from the use of antiplatelet 
drugs.11-13 In a systematic review, Bodily et al.14 reported that stenting of RIAs was linked to 
a 6% incidence of clinically significant thromboembolic events, 14% adverse outcomes, and 
19% mortality. On the other hands, in the case of small, RIAs (3 mm or less in size), stenting 
exhibited similar long-term outcomes to coil embolization but carried a significantly higher 
rate of hemorrhagic complications.15 Meanwhile, recent studies report that the development 
of low-profile stents and the adjustment of antiplatelet agent use are reducing complications 
in endovascular surgery. However, due to the lack of large-scale or prospective studies, it 
is still challenging to justify the use of stent-assisted coiling in the treatment of ruptured 
cerebral aneurysms.16-19

Early intervention, recognized as a pivotal strategy in enhancing treatment outcomes for 
RIAs, holds potential to mitigate rebleeding risk and facilitate the effective management 
of vasospasm.20-24 Fortunately, the majority of RIAs can be treated with coiling, and the 
outcomes of overall treatments and coiling for RIAs do not significantly vary by region or 
hospital size, making it reasonable to seek prompt treatment at the nearest facility. However, 
the results of clipping differ significantly depending on the hospital size and the number of 
procedures performed, suggesting a need for nationwide improvements in the outcomes of 
clipping. If clipping becomes more widespread and its outcomes improve, it could lead to 
more careful decision-making regarding SAC, prevent the concentration of cases in specific 
regions, and enhance treatment outcomes across the country.
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There are several limitations to this study. First, because the NHIS data is based on insurance 
claims, it is challenging to ascertain patients’ neurological status prior to treatment and to 
access imaging results, making it impossible to obtain morphological information about the 
aneurysms. Secondly, the variability in hospitals’ criteria for selecting treatment methods 
significantly complicates direct comparisons of treatment outcomes across different 
institutions. Moreover, there is a potential for overestimation of mortality rates in GHs, given 
that 41.1% of GHs performed fewer than five coilings for RIAs. To mitigate this bias, we 
conducted an additional analysis on hospitals performing more than 20 procedures, aiming 
to more accurately reflect treatment efficacy. Thirdly, the 1-year mortality includes all causes of 
death, so the possibility of deaths due to causes other than RIAs cannot be excluded. Finally, 
it should be acknowledged that this analysis relies solely on data from the year 2018, without 
accounting for potentially influential variables such as gender and age. However, given the 
study’s aim to compare treatment outcomes across different regions and hospital sizes, the 
decision to use data from a single year was deemed to still provide valuable insights.

In conclusion, in a study using data from the Korea NHIS, it was found that the mortality 
rates for overall cases and specifically for coiling cases of RIAs do not significantly vary 
by hospital size, attributed to the widespread use of coiling. However, the observed 
differences in clipping outcomes, depending on hospital size and the procedure volume in 
TRGH, underscore the necessity for national initiatives aimed at enhancing the skill and 
generalization of clipping practices. Moreover, with the higher mortality rate associated with 
SAC, establishing precise indications for its use becomes crucial.
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