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Intracranial Aneurysms Categorized by Region and
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Objective : To analyze the outcomes of coil embolization (CE) for unruptured intracranial aneurysm (UIA) according to region and
hospital size based on National Health Insurance Service data in South Korea.

Methods : The incidence of complications, including intracranial hemorrhage (ICRH) and cerebral infarction (Cl), occurring within
3 months and the 1-year mortality rates in UIA patients who underwent CE in 2018 were analyzed. Hospitals were classified as
tertiary referral general hospitals (TRGHs), general hospitals (GHs) or semigeneral hospitals (sGHs) according to their size, and the
administrative districts of South Korea were divided into 15 regions.

Results : In 2018, 8425 (TRGHs, 4438; GHs, 3617; sGHs, 370) CEs were performed for UIAs. Complications occurred in 5.69% of
patients seen at TRGHs, 13.48% at GHs, and 20.45% at sGHs. The complication rate in TRGHs was significantly lower than that in
GHs (p=0.039) or sGHs (p=0.005), and that in GHs was significantly lower than that in sGHs (p=0.030). The mortality rates in TRGHSs,
GHs, and sGHs were 0.81%, 2.16%, and 3.92%, respectively, with no significant difference. Despite no significant difference in the
mortality rates, the complication rate significantly increased as the number of CE procedures per hospital decreased (p=0.001;
rho=-0.635). Among the hospitals where more than 30 CEs were performed for UlAs, the incidence of Cls (p=0.096, rho=-0.205) and
the mortality rates (3 months, p=0.048, rho=-0.243; 1 year, p=0.009, rho=-0.315) significantly decreased as the number of CEs that
were performed increased and no significant difference in the incidence of post-CE ICRH was observed.

Conclusion : The complication rate in patients who underwent CE for UIA increased as the hospital size and physicians’ experience
in conducting CEs decreased. We recommend nationwide quality control policies CEs for UlAs.

Key Words : Intracranial aneurysm - Treatment outcome - Endovascular procedures - Hospital size.

 Received : February 14,2023 < Revised : May 20, 2023 * Accepted : August 22, 2023

« Address for correspondence : Si Un Lee
Department of Neurosurgery, Seoul National University Bundang Hospital, Seoul National University College of Medicine, 82 Gumi-ro 173beon-gil, Bundang-gu, Songnam
13620, Korea
Tel : +82-31-787-7169, Fax : +82-31-787-4059, E-mail : nsmidget@gmail.com, ORCID : https://orcid.org/0000-0001-5788-2014

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

690 Copyright © 2023 The Korean Neurosurgical Society



INTRODUCTION

With increases in the aging population, developments in di-
agnostic technology and improvements in the detection of
unruptured intracranial aneurysms (UIAs), the demand for
UIA treatment has increased'”. In addition, as endovascular
technology and device development have improved, the num-
ber of patients receiving endovascular treatment and the
number of hospitals equipped for coil embolization (CE) con-
tinues to rise, which is a trend worldwide™'***?.

The incidence of hemorrhagic complications in stent-assist-
ed CEs (SAC) ranges from 2.3% to 2.5% and from 1.9% to
2.7% in nonstent-assisted CE (NSAC). The incidence of isch-
emic complications after CE for UIAs ranged from 4.68% to
7.0% in SAC and from 2.0% to 3.5% in NSAC"*". To explain
these results, researchers have analyzed various factors affect-

1,3,11,24

ing the outcomes of CE . It has been reported that, aside
from anatomic, technical, and patient factors, medical staff
size, hospital size and region affect the clinical outcomes of
CE7,]7,19).

In 2021, a study analyzing treatment outcomes in the entire
Korean population with UIAs was published'”, and it was re-
ported that the rate of complications was higher than that re-
ported in other existing studies. It was hypothesized the quality
of treatment decreased because of the rapid increase in the
number of hospitals equipped for CE in recent years, and it was
also hypothesized that the variation in treatment experience by
region and hospital size also affected treatment quality™”*”.

Therefore, we analyzed the clinical outcomes in a nation-
wide cohort that underwent CE for UIAs by region and hospi-
tal size to identify the cause of the high incidence of complica-

tions.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board
at Seoul National University Bundang Hospital (X-1810/498-
903), and the requirement for informed consent was waived

due to the retrospective nature of this study.

Data source
By using the National Health Insurance Service (NHIS) da-

tabase, we were able to conduct a retrospective cohort study in
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which we assessed the treatment outcomes in patients who
underwent CE for UIAs in 2018. Ninety-eight percent of Ko-
reans are enrolled in the NHIS, and all clinical data, including
examination, diagnosis, treatment, medical expenses, hospital-
ization and outpatient care, are stored in its database. Because
the medical histories of 50 million single-race patients are pro-
vided by in the NHIS database, it is highly suitable for epidemi-
ological and observational studies, as its reliability has already
been validated in many studies™*"”. Data were exclusively ex-
tracted from tertiary referral general hospitals (TRGHs), gener-
al hospitals (GHs), and semigeneral hospitals (sGHs), and data
claimed from primary medical institutions were excluded to

increase the reliability of the medical data.

Study population and cohort design

Patients who underwent CE for UIAs were diagnosed ac-
cording to the International Classification of Diseases (ICD),
10th revision diagnostic codes and then further classified by
the Korean Classification of Diseases (KCD) codes. To extract
the data concerning patients who underwent coil UIA embo-
lization treatment in 2018, only the patients diagnosed with
UIA (e.g., ICD code 167.1) were selected from among the pa-
tients who underwent CE (e.g., KCD codes M1661 and M1662)
in 2018. Patients with a history of intracranial diseases such as
subarachnoid hemorrhage, intracerebral hemorrhage, cerebral
infarction (CI), brain trauma (e.g., ICD code S06-509), or
brain tumor (e.g., ICD code C41.0, C75.2, C71, C79.3, D32.9-
D333, D35.3, or D44.4) before CE were excluded to accurately
identify and classify patients with new complications such as
an intracranial hemorrhage (ICRH) or CI that occurred after
the procedure.

Hospitals were classified according to size as follows. A
TRGH is a hospital with more than 500 beds, more than 20
departments, and specialists for each department. A GH is a
hospital with more than 100 beds and more than seven de-
partments, and an sGH is a hospital with more than 30 beds
and more than seven departments. Regions were divided into
15 regions based on the administrative districts of the Repub-
lic of Korea, and hospitals in each region were analyzed by

hospital size.

Outcomes and study variables
ICRHs, such as intracerebral hemorrhage, subarachnoid

hemorrhage (SAH), subdural hematoma or epidural hemato-
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ma, and CI were analyzed to determine the incidence of post-
CE complications. First, we aimed to identify patients newly
diagnosed with ICRHs (e.g., ICD code 160-162) or CI (e.g.,
ICD code 163) within a 3-month period after CE procedure,
despite having no prior history of these conditions. Then, we
extracted relevant patient data meeting the specified criteria
and further defined the cases as follows. To extract data on
clinically significant ICRH, only the patients who underwent
additional surgery, including hematoma drainage, cranioto-
my, or craniectomy (e.g., KCD codes N0321-N0324, S4621,
$4622, and N0333), for ICRH were included in the analysis.
Additionally, to identify patients with definite CI, excluding
cases of subclinical CI, we only included those patients who
had an inpatient stay of 5 days or more and underwent a
magnetic resonance imaging examination during their
hospitalization period, constituting the post-CE CI group.
Furthermore, we analyzed the all-cause mortality rates at 3
months and 1 year after CE to evaluate the short- and long-
term outcomes of CE in patients who developed post-CE
ICRH or CL It was assumed that mortality due to causes other
than post-CE ICRH or CI would be minimal because CE for
UIA was performed on healthy patients with an expected life
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expectancy of more than 5 years, and mortality data were ana-
lyzed only for patients who experienced post-CE ICRH or CI.
Each outcome variable described above was analyzed ac-

cording to the size of the hospitals in each region.

Validation of NHIS data with real-world data

In order to verify the reliability of the study, a comparative
analysis was performed using real-world data. The data from
the institute that conducted the most CE procedures in 2018
was used for comparison with the corresponding NHIS data.
The variables compared included the total number of patients
who underwent CE for UIA in 2018, post-CE ICRH, post-CE
CI, and mortality within 3 months. The institute with hospi-
tal-number 1 reported 623 patients, 0.80%, 0.64%, and 0.16%
for each of these variables, respectively. The concordance rates
between NHIS data and real-world data for each variable were
found to be 98.2%, 81.9%, 98.8%, and 99.7%, respectively.

Data analysis
Data manipulation and extraction were performed using

SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA).

The Wilcoxon signed rank test was performed to analyze the
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Fig. 1. Number of hospitals performing coil embolization for unruptured intracranial aneurysms, categorized by region and hospital size.
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results according to the size of hospitals in each region, and p-
values <0.05 were considered significant. For the analysis of
outcomes in patients receiving CE at each hospital, nonnor-
mality was confirmed through the Kolmogorov-Smirnov test
and the Shapiro-Wilk test, and then Spearman rank correla-
tion analysis was performed. The rho value, which is a correla-
tion coefficient, was derived using Spearman rank correlation

analysis.

RESULTS

Number of hospitals equipped for CE, categorized
by region and hospital size

Nationwide, a total of 4497 CE procedures for UIAs were
performed in 2013, while in 2018, the number rose to 8425,
indicating an 87.3% increase over a 5-year period. SAC
represented 42.2%, 53.6%, and 47.5% of all cases involving
UIAs at TRGHs, GHs, and sGHs, respectively, in 2013. In
contrast, the respective figures for SAC in 2018 were 55.6%,
59.4%, and 49.9% at TRGHs, GHs, and sGHs. Overall, the
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proportion of SAC procedures increased from 47.2% in 2013
to 57.0% in 2018, with a notable rise specifically observed at
TRGHs. Figs. 1 and 2 depict the number of hospitals capable
of performing CE by region in 2013 and 2018, as well as the
number of CE procedures performed within 1 year.

Although the number of TRGHs available for CE procedures
decreased from 43 in 2013 to 41 in 2018, the number of CE
procedures for UTAs in TRGHs was 1.83 times larger, increasing
from 2419 to 4438. To describe the four regions with the most
TRGHs in descending order, Seoul had 13 TRHGs, Gyeonggi-
do had five, Daegu had five and Busan had four. The number
of CE procedures performed for UTAs was 2050 in Seoul, 787 in
Gyeonggi-do, 464 in Daegu, and 365 in Busan. The number of
GHs that could perform CE procedures was 222 in 2018, a 1.53-
fold increase compared to 145 in 2013, and the number of CE
procedures increased by 1.91-fold, from 1895 to 3617. Gyeonggi-
do had 41 GHs, Seoul had 29, Busan had 18, and Gyeongsang-
nam-do had 18. The number of CEs performed for UTAs was
777 in Gyeonggi-do, 621 in Busan, 503 in Seoul, and 311 in
Gyeongsangbuk-do. The number of sGHs available for CE was
248 in 2018, a 2.18-fold increase compared to 114 in 2013, and

l |
2602
0 Seoul 61 2602 Gangwon-do Eﬂm
262
10 Incheon Chungcheongbuk-do ;—‘201
- 132
1641 .,
702 Gyeondar-do Gyeongsangbuk-do F‘B5324
R
22%7% Chungcheongnam-do 519
\' eequ :2_59!
334 Daejeon
221 o S vsan Ll 208
145
230;
Jeollabuk-do
1o iy 1014
Busan 575
201 ; —" /
" T 343
e . © Gyeongsangnam-do ;‘246
6216H Jeollanam-do / \ T
0 500 1000 1500
I I I
3000 2000 1000 0 [T2018 MM2013

Fig. 2. Number of coil embolization procedures for unruptured intracranial aneurysms, categorized by region and hospital size.
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Table 1. Number of hospitals allowing CE for UlAs, categorized by
region and hospital size

Table 1. Continued

Number of hospitals  Number of CEs

Number of hospitals  Number of CEs 2013 2018 2013 2018
2013 2018 2013 2018 Gyeonggi-do 13 55 16 77
Terzgigt;e‘ferra\ general Gangwon-do 4 8 5 7
Overall 43 41 2419 4438 psan 0 % B ¥
Seoul 16 13 1205 2050 Elaseaiu i ]62 193 363
Incheon 2 3 56 157
Gyeongsangnam-do 16 25 18 32
Gyeonggi-do 5 5 320 787
Gyeongsangbuk-do 4 11 47 13
Gangwon-do 2 1 23 36 )
Gwangju 10 10 10 13
pusan N ‘ 1% 30 Jeollanam-do 6 14 6 18
Daegu N ° 244 464 Jeollabuk-do 9 12 1 19
isan 0 0 0 0 Daejeon 4 1 5 15
Gyeongsangnam-do 1 2 “ 135 Chungcheongnam-do 2 10 2 10
Gyeongsangbuk-do 0 0 0 0 Chungcheongbuk-do 5 7 5 9
Gwangju 2 2 13 127 CE : coil embolization, UIA : unruptured intracranial aneurysm
Jeollanam-do 1 0 2 0
Jeollabuk-do 2 2 51 84
Daejeon 1 1 90 133
Chungcheongnam-do 2 2 57 76 the number of CE procedures increased by 2.02-fold, from 183
Chungcheongbuk-do 1 1 12 24 to 370. The number of sGHs according to region was 55 in
General hospital Gyeonggi-do, 28 in Busan, 25 in Gyeongsangnam-do, and 23 in
Overall 145 222 1895 3617 Seoul. The number of CE procedures performed for UIAs in
Senl 20 29 184 503 sGHs was 77 in Gyeonggi-do, 49 in Seoul, 37 in Busan, and 33
Tehesn 7 12 47 88 in Daegu. Overall, in 2018, there were 511 hospitals equipped
Gyeonggi-do 8 M 366 777 for CE procedures, a 1.69-fold increase in the number of
Gangwon-do 5 8 5 139 hospitals compared to 2013, and the total number of patients
Busan 15 18 363 621 receiving CE was 8425, a 1.87-fold increase in patients treated
Becau ) 5 6 » over 5 years. In 2018, 101 hospitals were available for CE in
Ulsan 3 g 13 202 Gyeonggi-do, 65 in Seoul, 50 in Busan, and 45 in Gyeongsang-
Gyeongsangnam-do 12 8 181 - nam-do. The number of CE procedures performed for UTAs
Gyeongsangbuk-do - " - - was 2602 in Seoul, 1641 in Gyeonggi-do, 1014 in Busan, and 519
Gwangju o " " . in Daegu (Table 1).
iz::zgzrdio Z ]95 ;i 14237 The 20.18 clinical res%llts o.f UIA after CE, categorized
. , . e e by region and hospital size
Among the 8425 (TRGHs, 4438; GHs, 3617; sGHs, 370)
Chungcheongnam-do 2 o 8 142 patients who received CE for UIA in 2018, post-CE ICRH or
Chungcheongbuk-do > 10 1 168 CI complications occurred within 3 months in 5.69%,
Semigeneral hospital 13.48%, and 20.45% of patients seen at TRGHs, GHs, and
Overall 14 48 183 370 sGHs, respectively. By comparing the size of hospitafs
seoul 12 23 5 49 nationwide, TRGHs had significantly lower complication rates
Incheon 6 16 / 17 than GHs (p=0.039) and sGHs (p=0.005), and GHs had
694 https://doi.org/10.3340/jkns.2023.0033
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Table 2. Comparison of complications and mortality rates after CE for UlAs, categorized by region and hospital size

TRGH (%) GH(%) p-value TRGH (%) sGH (%) p-value GH(%) sGH (%) p-value
Complications rate within 3 months* 0.039 0.005 0.030
Overall 5.69 1348 5.69 2045 1348 2045
Seoul 312 13.92 312 10.20 13.92 10.20
Incheon 1146 9.09 1146 17.65 9.09 17.65
Gyeonggi-do 2.54 11.58 2.54 15.58 11.58 15.58
Gangwon-do 2.78 719 2.78 14.29 719 14.29
Busan 6.74 1.27 6.74 21.62 11.27 21.62
Daegu 1013 0.00 10.13 27.27 0.00 27.27
Ulsan NA 743 NA 3333 743 3333
Gyeongsangnam-do 444 7.39 444 15.63 7.39 15.63
Gyeongsangbuk-do NA 12.22 NA 30.77 12.22 30.77
Gwangju 10.24 1148 10.24 15.38 1148 15.38
Jeollanam-do NA 2093 NA 16.67 2093 16.67
Jeollabuk-do 11.90 10.24 11.90 5.26 10.24 5.26
Daejeon 5.26 12.37 5.26 13.33 12.37 13.33
Chungcheongnam-do 6.58 9.15 6.58 20.00 9.15 20.00
Chungcheongbuk-do 417 16.07 417 0.00 16.07 0.00
Mortality rate within 1 year 0.753 0.937 0975
Overall 0.81 2.16 0.81 392 2.16 392
Seoul 034 199 034 0.00 199 0.00
Incheon 0.64 1.14 0.64 23.53 114 23.53
Gyeonggi-do 0.76 245 0.76 779 245 779
Gangwon-do 2.78 2.16 2.78 0.00 2.16 0.00
Busan 0.56 242 0.56 8.11 242 8.11
Daegu 0.86 0.00 0.86 0.00 0.00 0.00
Ulsan NA 197 NA 16.67 197 16.67
Gyeongsangnam-do 148 0.57 148 0.00 0.57 0.00
Gyeongsangbuk-do NA 1.61 NA 0.00 1.61 0.00
Gwangju 1.57 0.00 1.57 0.00 0.00 0.00
Jeollanam-do NA 233 NA 0.00 233 0.00
Jeollabuk-do 4.76 1.57 4.76 0.00 1.57 0.00
Daejeon 4.51 215 4.51 0.00 2.15 0.00
Chungcheongnam-do 1.32 21 1.32 0.00 21 0.00
Chungcheongbuk-do 0.00 595 0.00 0.00 595 0.00

*Complications included postoperative hemorrhage and infarction within 3 months after CE. CE : coil embolization, UIA : unruptured intracranial
aneurysm, TRGH : tertiary referral general hospital, GH : general hospital, sGH : semigeneral hospital, NA : not available

significantly lower complication rates than sGHs (p=0.030).
On the other hand, the 1-year mortality rates in patients seen
at TRGHs, GHs, and sGHs were 0.81%, 2.16%, and 3.92%,

respectively, and there was no significant difference when

stratified by hospital size.

The complication rate in TRGHs was lowest in Gyeonggi-
do (2.54%), followed by Gangwon-do (2.78%) and Seoul

(3.12%). The complication rate in GHs was lowest in Gang-

J Korean Neurosurg Soc 66 (6) : 690-702
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Table 3. Comparison of complications and mortality rates after CE for
UIAs, categorized according to the number of CE procedures per hospital

Complicationsrate’  Mortality rate*

CE/hospital* (cases) %) (%)
1577 312 0.34
1574 2.54 0.76
133.0 5.26 4.51
928 10.13 0.86
89.0 6.74 0.56
67.5 444 148
63.5 10.24 1.57
52.3 1146 0.64
420 1190 4.76
38.0 6.58 1.32
360 278 2/
345 .27 242
253 743 197
24.0 417 0.00
237 915 211

233 12.37 215
207 12.22 161

19.0 11.58 245
174 719 216
173 13.92 199
16.8 16.07 595
141 10.24 157
98 739 0.57
73 9.09 114
44 0.00 0.00
41 1148 0.00
29 2093 233
8 2727 0.00
21 10.20 0.00
16 5.26 0.00
14 15.58 7.79
14 1333 0.00
13 21.62 811

13 15.38 0.00
13 16.67 0.00
13 0.00 0.00
13 15.63 0.00
12 30.77 0.00
11 1765 2353
10 3333 16.67
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Table 3. Continued

Complicationsrate’  Mortality rate*

H %
CE/hospital* (cases) %) (%)
10 20.00 0.00
09 1429 0.00

0.001 (-0.635) 0443 (-0.122)

*Hospitals of the same size in the same area are calculated by integrating.
'Complications included postoperative hemorrhage and infarction
within 3 months after CE. "Mortality rate within 1 year after CE. CE : coil
embolization, UIA : unruptured intracranial aneurysm

p-value (rho)

won-do (7.19%), followed by Gyeongsangnam-do (7.39%) and
Ulsan (7.43%). The complication rate in sGHs was lowest in
Jeollabuk-do (5.26%), followed by Seoul (10.20%) and Daejeon
(13.33%) (Table 2).

Comparison of complications and mortality rates
after CE for UlAs, categorized by the number of
CE procedures per hospital

Hospitals of the same size in the same region were
integrated to compare the incidence of complications and
mortality rates according to the number of CE procedures per
hospital in 2018. The complication rate significantly increased
as the number of CE procedures decreased (p=0.001; rho=
-0.635). However, there was no significant difference in patient
mortality rates within 1 year of the procedure when analyzed
by the number of CE procedures per hospital (Table 3).

There was no significant difference in the complication or
morality rate between hospitals of the same size in various
regions in terms of the number of CEs performed (Table 4).

In 2018, there were 67 hospitals where more than 30 CE
procedures for UIAs were performed, including 32 (78.0%)
out of 41 TRGHs and 35 (14.9%) out of 222 GHs. The inci-
dences of post-CE ICRH and CI in these hospitals were 1.8%
and 6.5%, respectively, and the 6-month and 1-year mortality
rates were 0.7% and 1.1%, respectively. There was no signifi-
cant difference in the incidence of post-CE ICRH according
to the number of CE procedures (p=0.096, rho=-0.205), but
the CI incidence rate (p=0.005, rho=-0.340), 3-month mortal-
ity rate (p=0.048, rho=-0.243), and 1-year mortality rate
(p=0.009, rho=-0.315) were significantly lower in hospitals
that performed more CE procedures (Table 5).
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Table 5. Patient clinical outcomes in hospitals where more than 30 CEs were performed for UlAs in 2018

1 TRGH 612 0.98 0.65 016 0.98
2 TRGH 531 0.19 1.88 0.00 0.00
3 TRGH 382 0.26 0.79 0.00 0.26
4 TRGH 315 1.27 2.54 0.32 0.63
5 GH 310 097 516 097 194
6 TRGH 282 177 213 0.00 0.00
7 TRGH 212 0.00 047 0.00 047
8 TRGH 154 1.30 325 0.00 130
9 TRGH 151 132 11.26 0.00 132
10 GH 151 3.31 795 132 1.99
1 GH 148 135 10.81 0.68 1.35
12 TRGH 132 3.03 2.27 3.03 4.55
13 TRGH 114 175 1491 0.00 175
14 TRGH 107 1.87 9.35 093 1.87
15 TRGH 102 0.98 8.82 0.98 196
16 GH 100 4.00 4.00 0.00 1.00
17 GH 99 1.01 24.24 0.00 1.01
18 TRGH 94 1.06 319 0.00 0.00
19 TRGH 93 215 753 0.00 0.00
20 TRGH 92 217 10.87 1.09 217
21 GH 87 115 22.99 230 5.75
22 TRGH 86 233 8.14 0.00 0.00
23 GH 84 238 4.76 119 357
24 GH 83 4.82 723 0.00 1.20
25 TRGH 79 3.80 8.86 0.00 0.00
26 GH 79 1.27 17.72 2.53 5.06
27 GH 79 3.80 6.33 2.53 3.80
28 GH 77 130 10.39 0.00 2.60
29 GH 75 2.67 24.00 0.00 0.00
30 GH 73 0.00 137 137 2.74
31 TRGH 71 0.00 0.00 0.00 0.00
32 TRGH 69 145 5.80 145 290
33 GH 66 1.52 758 0.00 6.06
34 GH 66 6.06 758 0.00 6.06
35 TRGH 62 323 6.45 323 4.84
36 GH 61 0.00 11.48 1.64 492
37 TRGH 57 175 7.02 175 175
38 GH 56 0.00 893 0.00 3.57
39 GH 55 0.00 9.09 1.82 3.64
40 GH 55 10.91 18.18 1.82 545
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No Hospital Number Postoperative Postoperative Mortality within Mortality within
size of CEs ICRH (%) Cl (%) 3 months (%) 1 year (%)

41 GH 51 0.00 11.76 392 5.88
42 GH 51 0.00 11.76 0.00 0.00
43 TRGH 48 0.00 833 0.00 0.00
44 GH 48 417 417 2.08 2.08
45 GH 47 10.64 25.53 4.26 6.38
46 TRGH 46 0.00 6.52 0.00 0.00
47 TRGH 46 0.00 10.87 0.00 217
48 GH 46 2.17 21.74 2.17 6.52
49 GH 45 444 15.56 0.00 2.22
50 GH 45 444 444 0.00 2.22
51 TRGH 43 9.30 18.60 2.33 4.65
52 GH 42 4.76 16.67 0.00 2.38
53 TRGH 40 0.00 10.00 2.50 2.50
54 GH 40 15.00 25.00 2.50 750
55 TRGH 40 0.00 5.00 5.00 5.00
56 TRGH 39 2.56 7.69 0.00 2.56
57 TRGH 39 2.56 769 0.00 0.00
58 GH 38 0.00 5.26 5.26 7.89
59 GH 37 2.70 2.70 0.00 0.00
60 TRGH 36 0.00 2.78 0.00 2.78
61 GH 35 571 857 2.86 2.86
62 GH 34 0.00 5.88 0.00 0.00
63 GH 34 8.82 294 0.00 0.00
64 TRGH 32 0.00 6.25 0.00 0.00
65 GH 32 6.25 313 6.25 6.25
66 TRGH 30 0.00 16.67 0.00 333
67 GH 30 0.00 6.67 6.67 10.00

CE : coil embolization, UIA : unruptured intracranial aneurysm, ICRH : intracranial hemorhage, Cl : cerebral infarction, TRGH : tertiary referral general

hospital, GH : general hospital, sGH : semigeneral hospital

DISCUSSION

After CE for UIAs, the incidence of ischemic complica-
tions, including thromboembolic events or CI, is known to
range from 1.08% to 16.6%, and that of hemorrhagic compli-
cations, such as intraoperative rupture, has been reported to
range from 0.0% to 9.5%. Additionally, the incidence of
neurologic deficits due to procedure-related complications
such as ischemic or hemorrhagic complications has been re-
ported to be 0.27-14.7%, and the mortality rate is known to
be 0.0_1.4%2,6,8-]0,]3,23,25-27).

Most of the risk factors for complications that occur after
CE procedures for intracranial aneurysms (IAs) are anatomi-
cal factors, technical failures (including device-related prob-
lems), and failure of antiplatelet treatments"*'"*. However,
several studies have shown that the size of the hospital and the
volume of CE procedures performed affect the treatment out-
comes of TAs. Lindgren et al.”” studied 8525 patients with an-
eurysmal SAHs (aSAHs) treated in TRGHs during 20072014
and analyzed the treatment results by classifying TRGHs into
low (<41 procedures/year), intermediate (41-70 procedures/year),

and high volume (>70 procedures/year) hospitals. They dem-
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onstrated that even within a subset of TRGHs, high hospital
procedure volume (adjusted odds ratio, 0.56; 95% confidence
interval, 0.36-0.87), which showed 5% crude 14-day case-fa-
tality, is associated with lower case-fatality after aSAH regard-
less of treatment modality, thus supporting the relocation of
patients to higher patient-volume centers'”. In the United
States, a study conducted using National Inpatient Sample
(NIS) data from 2010-2011 showed better treatment outcomes
of aSAHs in hospitals with a higher CE procedure volume,
and a good prognosis was likely in hospitals where more than
35 CE procedures were performed per year”. In the United
States, similar results can be seen in a study that analyzed the
outcomes of CE for UIAs using NIS data from 1996-2000.
They reported that CEs performed for UIAs at high-volume
institutions (>24/year) or by high-volume physicians was as-
sociated with significantly lower morbidity rates and modestly
lower mortality rates”.

From 2009 to 2016, the incidence of a procedure-related CI
after CE for UIA in Korea was 10.05%, and that of a hemor-
rhagic complication was 0.99%. As a result, the morbidity and
mortality rates were 0.38% and 1.16%, respectively. Although
this was an improvement in the clinical outcomes of CE for
UIAs from 2006 to 2008 in Korea, the incidence of procedure-
related CI in Korea was higher than that reported in previous
literature™. As the results of this study show, from 2013 to
2018, the number of hospitals equipped for CE procedures in-
creased by 1.69 times, of which GHs increased by 1.53 times
and sGHs increased by 2.18 times. However, complications
occurred in 5.69%, 13.48%, and 20.45% of patients treated at
TRGHs, GHs, and sGHs, respectively, and as the size of the
hospital decreased, the complication rate increased significantly
even though there was no significant difference in the mortality
rate. Overall, it was confirmed that the higher the number of
CE procedures per hospital, the lower the complication rate.

For this reason, more patients with UIAs are being treated
in central TRGHSs, thus possibly compromising patient safety
because of having to wait several months for UIA treatment.
Urbanization has led to more patients being treated in urban
hospitals and less patients being treated in rural hospitals,
which makes it more difficult to improve the quality of medi-
cal care in rural hospitals, thus perpetuating a vicious cycle.
Although it is advantageous for aSAH patients to receive rapid
treatment at rural hospitals, more patients being treated in ur-

ban areas is likely to worsen the treatment outcomes of aSAH
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patients nationwide. To fundamentally solve these problems,
policies targeting nationwide medical quality management

and support are essential for the treatment of 1As.

Limitations

There are some limitations to this study. Imaging informa-
tion showing the location, size, and shape of UIA is not pro-
vided by the NHIS. Therefore, high-volume hospitals tend to
treat more patients with UIAs, which is difficult to treat, so it
was possible that there was no equal comparison between
hospitals of different sizes. Because it was difficult to obtain
accurate data on the patient’s neurological status, it was diffi-
cult to accurately assess the severity of complications, thus in-
dicating a limitation in that the study indirectly evaluated
complication severity using mortality. In addition, although
there were differences in treatment results between hospitals
of the same size in the same region, the accuracy of the analy-
sis that was performed by integrating the size of hospitals in
each region was lower. Nevertheless, this study is worthwhile
in that it drew significant conclusions by using detailed opera-
tional definitions. Lastly, it should be acknowledged as a limi-
tation of this medical research article that the analysis was
based solely on data from the year 2018, without considering
variables such as gender and age that could potentially influ-
ence treatment outcomes. However, considering the study’s
objective of comparing treatment outcomes across various re-
gions and hospital sizes, it was determined that utilizing data
from a single year could still produce significant results. Fur-
thermore, by conducting an analysis on the entire population
of Korea rather than a sample group, we were able to partially

address the aforementioned limitations.

CONCLUSION

Although there was no significant difference in the mortali-
ty rate, the complication rate of CE for UIA increased as the
size of the hospital decreased and the volume of CE proce-
dures per hospital decreased. To reduce the difference in the
quality of cerebral aneurysm treatment by region and hospital
size, nationwide medical quality management and support are

needed.
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