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Introduction: Recent improvements in treatment for subarachnoid

hemorrhage (SAH) have decreased the mortality rates; however, the outcomes

of SAH management are dependent on many other factors. In this study, we

used nationwide, large-scale, observational data to investigate short- and

long-term mortality rates after SAH treatment and the influence of patient

severity and hospital volume.

Patients and methods: We selected patients with SAH treated with clipping

and coiling from the South Korean Acute Stroke Assessment Registry. High-

and low-volume hospitals performed ≥20 clipping and coiling procedures

and <20 clipping and coiling procedures per year, respectively. Short- and

long-termmortality were tracked using data from the Health Insurance Review

and Assessment Service.

Results: Among 2,634 patients treated using clipping and coiling, 1,544

(58.6%) and 1,090 (41.4%) were hospitalized in high- and low-volume hospitals,

respectively, and 910 (34.5%) and 1,724 (65.5%) were treated with clipping

and coiling, respectively. Mortality rates were 13.5, 14.4, 15.2, and 16.1%

at 3 months, 1, 2, and 4 years, respectively. High-volume hospitals had

a significantly lower 3-month mortality rate. Patients with mild clinical

status had a significantly lower 3-month mortality rate in high-volume

hospitals than in low-volume hospitals. Patients with severe clinical status had

significantly lower 1- and 2-year mortality rates in high-volume hospitals than

in low-volume hospitals.

Conclusion: Short- and long-term mortality in patients with SAH

di�ered according to hospital volume. In the modern endovascular era,

clipping and coiling can lead to better outcomes in facilities with high

stroke-care capabilities.
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Introduction

Subarachnoid hemorrhage (SAH) accounts for 8.9% of all

stroke cases in Korea (1). However, its 30-day mortality rate

is 44%, and 10–15% of patients die before arriving at the

hospital (2). The development of new devices and improvements

in coiling techniques to treat ruptured intracranial aneurysms

has reduced mortality (3–5). However, most reports on the

prognosis of SAH have come from high-volume hospitals

with experienced neurosurgeons, special care units, and nurses

(6, 7). Moreover, the outcomes of SAH are dependent on

patient-level factors, such as age, sex, clinical status, degree

of brain edema, and comorbidities, as well as hospital-level

factors, such as experienced and skilled neurosurgeons, hospital

capacity, stroke unit, and the number of doctors and nurses.

Because these results cannot be generalized to the real-world

clinical environment; research using nationwide, large-scale,

observational data is warranted to investigate the prognosis

after SAH treatment and study the influence of patient severity

and hospital volume. In this study, we investigated short- and

long-term mortality after SAH treatment according to hospital

volume using nationwide registry data from Korea.

Patients and methods

Data and study population

In 2013, South Korea established the Acute Stroke

Assessment Registry (ASAR), a nationwide, pre-collected

database from 248 preselected hospitals, to assess stroke quality

and improve the outcomes of patients with stroke. The Korean

healthcare and medical insurance system cover the entire

Korean population, and the records can be anonymously linked

to the Health Insurance Review and Assessment Service (HIRA)

database using encrypted personal identification numbers so

that researchers can determine survival outcomes among

patients with SAH. Skilled medical staff from preselected

hospitals are responsible for collecting detailed data from

patients visiting the emergency department for stroke. Based

on the data, the HIRA also provides feedback and grades for

each hospital.

Patient data were protected and kept anonymous

throughout the study period. The present study was conducted

with the HIRA under the Joint Project on Quality Assessment

Research (M20210128971). Data collected by ASAR fromMarch

to May 2013, June to August 2014, June to December 2016, and

June to December 2018 were linked with the HIRA database.

Patients with hemorrhagic stroke were defined as those with

hemorrhagic stroke as the primary disease (International

Classification of Disease, 10th version [ICD-10]: I60) and who

were hospitalized in the emergency department within 7 days of

symptom onset. Patients with traumatic injuries were excluded

from the study to rule out trauma-induced hemorrhagic stroke.

To reduce confusion due to mixed cases, we limited the dataset

to patients with their first hemorrhagic stroke who had not

been hospitalized for primary or secondary disease related to

hemorrhagic stroke in the past year. The surgeries were limited

to aneurysm clipping and endovascular coiling, which are the

major surgical techniques used to treat SAH. We analyzed acute

stroke data from these patients as well as data obtained during

the follow-up period. All patients included in this study were

monitored until April 15, 2021. Mortality was identified based

on the Statistics Korea data.

To investigate the change in the SAH treatment trend, the

annual change in aneurysm clipping and endovascular coiling

was investigated. In addition, the change in the treatment ratio

according to the classification of high-volume hospitals and

low-volume hospitals was also investigated.

Study population

Over 18 months, 74,376 patients with acute stroke were

admitted to the emergency department. Of these, 5,784 (7.8%)

patients experienced an acute hemorrhagic stroke. Patients

who received conservative treatment for SAH were excluded

to facilitate analysis and comparison of hospital volume and

treatment outcomes. A total of 548 (9.5%) patients were

excluded because the symptom onset time was not recorded. Of

the 5,236 patients, 2,602 (49.7%) were excluded because they did

not undergo clipping or coiling. In total, 2,634 (50.3%) patients

were treated with clipping and coiling (Figure 1).

In our previous research, hospital volume was divided

annually by 20 cases of clipping and coiling procedures to

avoid intentional cutoff level bias (8, 9). Since this criterion

was significant in categorizing the volume of the hospital, we

divided patients into two groups by 20 cases/year, namely, high-

(≥20 cases/year) and low-volume hospitals (<20 cases/year).

We determined a cutoff Glasgow Coma Scale (GCS) score of

9 to classify the severity of clinical status in patients with SAH

(10). We categorized the severity of clinical status according

to the National Institute of Health Stroke Scale (NIHSS) and

the GCS on admission as follows: (1) severe clinical status

(NIHSS ≥ 16 or GCS ≤ 9) and (2) mild clinical status (NIHSS

≤ 15 or GCS ≥ 10). Economic status was determined based

on whether the patient received health insurance or medical

aid. The patients were also divided into current smokers, ex-

smokers, and non-smokers. The Charlson Comorbidity Index

(CCI) was determined using the ICD-10 code and was used to

divide patients into four groups: 0, 1, 2, and ≥3. Data on the

use of emergency medical services (EMS) before arrival at the

hospital, onset-to-door time, and door-to-image time were also

collected. Functional outcome at discharge was defined as good

or poor; a good functional outcome was defined as 75–99 points

on the Korean Version of Modified Barthel Index (K-MBI), the
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FIGURE 1

Flow chart of the study population and patients with subarachnoid hemorrhage according to hospital volume.

Modified Barthel Index (MBI), or the Barthel Index (BI) (11);

90 or higher on the Functional Independence Measure (FIM)

(12); 2 or lower on the modified Rankin Scale (mRS) (13); and

5 on the Glasgow Outcome Scale (GOS) (14). Mortality after

admission was divided into four categories: within 3 months, 1,

2, and 4 years.

Hospital costs

Insurance coverage was factored into hospital costs, and

all amounts, including drug prices, were extracted from the

ASAR. All direct medical costs for beds, staff, examinations,

medications (including surgical procedures), rehabilitation, and

other minor miscellaneous expenses, e.g., commissions, were

calculated. The total amount of claim care benefit expenses and

drug details of the medical institutions of patients with SAH

as the main disease was defined as the hospital cost. The cost

was calculated in Korean Won (KRW and then converted to

United States dollar (USD $) using an exchange rate of USD$1=

KRW 808 according to the purchasing power parties (PPP)

of 2022 on the Organization for Economic Co-operation and

Development (15).

Statistical analysis

Categorical variables between high- and low-volume

hospitals were compared using the χ
2 test. Descriptive data are

expressed as percentages. The primary outcomes of this study

were short-term (3-month, 1-year) and long-term (2, 4-year)

mortality after SAH onset. Kaplan–Meier survival estimates
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TABLE 1 Baseline characteristics of patients with subarachnoid hemorrhage who underwent clipping and coiling.

Variables Total Low volume High volume p-value

Total number of hospitals 136 (100%) 97 (71.3%) 39 (28.7%)

Total number of patients 2,634 (100%) 1,090 (41.4%) 1,544 (58.6%)

Age, years, mean± SD 55.54± 12.77 55.10± 12.87 55.86± 12.69 <0.001*

18–45, n (%) 571 (21.68%) 253 (23.21%) 318 (20.60%) 0.134

46–59 1,169 (44.38%) 491 (45.05%) 678 (43.91%)

60–69 489 (18.56%) 183 (16.79%) 306 (19.82%)

≥70 405 (15.38%) 163 (14.95%) 242 (15.67%)

Men, n (%) 952 (36.14%) 398 (36.51%) 554 (35.88%) 0.739

Women 1,682 (63.86%) 692 (63.49%) 990 (64.12%)

Health insurance type, n (%)

Health insurance 2,543 (96.55%) 1,051 (96.42%) 1,492 (96.63%) 0.771

Medical aid 91 (3.45%) 39 (3.58%) 52 (3.37%)

NIHSS, mean± SD 5.67± 10.09 5.64± 10.21 5.71± 9.99

0–4, n (%) 348 (13.21%) 176 (16.15%) 172 (11.14%) 0.473

5–7 18 (0.68%) 12 (1.10%) 6 (0.39%)

8–13 32 (1.21%) 13 (1.19%) 19 (1.23%)

14–21 27 (1.03%) 15 (1.38%) 12 (0.78%)

22–42 50 (1.90%) 24 (2.20%) 26 (1.68%)

GCS, mean± SD 13.00± 3.47 12.88± 3.67 13.08± 3.34

0–8, n (%) 1,649 (62.60%) 642 (58.90%) 1,007 (65.22%) 0.035*

9–12 152 (5.77%) 49 (4.50%) 103 (6.67%)

13–15 294 (11.16%) 131 (12.02%) 163 (10.56%)

Severity (NIHSS, GCS), n (%)

Mild 2,175 (84.63%) 883 (83.15%) 1,292 (85.68%) 0.080

Severe 395 (15.37%) 179 (16.85%) 216 (14.32%)

Medical history

Smoker

Current smoker, n (%) 402 (15.26%) 150 (13.76%) 252 (16.32%) 0.794

Ex-smoker 60 (2.28%) 25 (2.29%) 35 (2.27%)

Non-smoker 1,158 (43.96%) 445 (40.83%) 713 (46.18%)

CCI score, n (%)

0 806 (30.60%) 288 (26.42%) 518 (33.55%) < 0.001*

1 844 (32.04%) 356 (32.66%) 488 (31.61%)

2 478 (18.15%) 226 (20.73%) 252 (16.32%)

≥3 506 (19.21%) 220 (20.18%) 286 (18.52%)

Arrival mode, n (%)

EMS 1,960 (74.41%) 813 (74.59%) 1,147 (74.29%) 0.884

No EMS 673 (25.55%) 277 (25.41%) 396 (25.65%)

Onset to door time, n (%)

≤4.5 h 1,936 (73.50%) 826 (75.78%) 1,110 (71.89%) 0.026*

>4.5 h 698 (26.50%) 264 (24.22%) 434 (28.11%)

Door to image time, n (%)

≤1 h 2,026 (76.92%) 840 (77.06%) 1,186 (76.81%) 0.880

>1 h 608 (23.08%) 250 (22.94%) 358 (23.19%)

Tertiary hospital, n (%) 1,407 (53.42%) 291 (26.70%) 1,116 (72.28%) <0.001*

General hospital 1,227 (46.58%) 799 (73.30%) 428 (27.72%)

(Continued)
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TABLE 1 Continued

Variables Total Low volume High volume p-value

Stroke unit, n (%)

Yes 1,736 (65.91%) 622 (57.06%) 1,114 (72.15%) <0.001*

No 898 (34.09%) 468 (42.94%) 430 (27.85%)

Surgery type, n (%)

Clipping 910 (34.54%) 374 (34.31%) 536 (34.71%) 0.830

Coiling 1,724 (65.45%) 716 (65.69%) 1,008 (65.28%)

Functional outcome at discharge, n (%)

Good outcome 1,899 (72.10%) 743 (68.17%) 1,156 (74.87%) 0.002*

Poor outcome 680 (25.82%) 312 (28.62%) 368 (23.83%)

mRS, n (%)

0 481 (18.26%) 213 (19.54%) 268 (17.36%) < 0.001*

1 674 (25.59%) 230 (21.10%) 444 (28.76%)

2 176 (6.68%) 61 (5.60%) 115 (7.45%)

3 70 (2.66%) 20 (1.83%) 50 (3.24%)

4 49 (1.86%) 14 (1.28%) 35 (2.27%)

5 43 (1.63%) 14 (1.28%) 29 (1.88%)

6 97 (3.68%) 49 (4.50%) 48 (3.11%)

GOS, n (%)

1 59 (2.24%) 27 (2.48%) 32 (2.07%) 0.278

2 12 (0.46%) 3 (0.28%) 9 (0.58%)

3 19 (0.72%) 7 (0.64%) 12 (0.78%)

4 51 (1.94%) 14 (1.28%) 37 (2.40%)

5 463 (17.58%) 156 (14.31%) 307 (19.88%)

No. of deaths, n (%)

3-month (2013, 2014, 2016, 2018) 355 (13.48%) 168 (15.41%) 187 (12.11%) 0.015*

1-year (2013, 2014, 2016, 2018) 378 (14.35%) 178 (16.33%) 200 (12.95%) 0.015*

2-year (2013, 2014, 2016, 2018) 399 (15.15%) 189 (17.34%) 210 (13.60%) 0.008*

4-year (2013, 2014, 2016), N=1642 264 (16.08%) 123 (19.37%) 141 (14.00%) 0.004*

Values are presented as mean± SD or n (%).

Mild severity, NIHSS ≤ 15, GCS ≥ 10.

Severe severity, NIHSS ≥ 16, GCS ≤ 9.

SD, standard deviation; NIHSS, National Institutes of Health Stroke Scale; GCS, Glasgow Coma Scale; EMS, emergency medical services; CCI, charlson comorbidity index; mRS, modified

rankin scale; GOS, glasgow outcome scale; K-MBI, korean version of modified barthel index; MBI, modified barthel index; FIM, functional independence measure.

Good outcome: K-MBI (75–99), MBI (75–99), BI (75–99), mRS (0–2), FIM (90–126), GOS (5).

Patients with no record of functional outcome at discharge are excluded.

*Statistically significant p < 0.05.

(KM) and the differences between survival curves were tested

using the log-rank test stratified by matched sets. The Cox

proportional hazard model was used to estimate the hazard ratio

(HR) of SAH associated with the treatment method and 95%

confidence interval (CI). The model was adjusted for potential

confounding factors, such as age, sex, health insurance type,

surgical type (clipping or coiling), clinical status on admission

(severe or mild), CCI, medical facility type (high-volume or

low-volume hospitals), and stroke unit. The proportional

hazards assumption was used to validate the Cox proportional

hazards model. Data analysis was performed using SAS version

9.3 (SAS Institute Inc., Cary, NC, USA). A two-sided P-value of

< 0.05 was considered statistically significant.

Results

Baseline characteristics

Table 1 shows the baseline characteristics of the patients with

SAH who were hospitalized during the follow-up period. In

total, 2,634 patients underwent clipping and coiling within the

follow-up period. Among them, 44.4%were 46–59 years old. The

male to female ratio was 1:1.77. In total, 910 (34.5%) patients

underwent clipping and 1,724 (65.5%) underwent coiling, and

395 (15.4%) had a severe clinical status on admission. A

total of 2,543 (96.6%) patients had health insurance and 91

(3.4%) had medical aid. A total of 1,936 (73.5%) patients
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were admitted within 4.5 h after symptom onset, and 1,960

(74.4%) used an EMS to travel to the hospital. A total of

2,026 (76.9%) patients underwent CT or MRI within 1 h after

admission to the emergency department; 1,407 (53.4%) and

1,227 (46.6%) patients were treated in tertiary and general

hospitals, respectively, and 1,736 (65.9%) patients were treated

in hospitals with stroke units. In total, 1,899 (72.1%) and 680

(25.8%) patients were discharged with good and poor functional

outcomes, respectively. Functional outcome scales were not

available for 55 (2.1%) patients, and functional outcome data

were missing for 250 (9.5%) patients. The remaining function

outcome at the discharge of patients with SAH is described in

Supplementary Table 1.

Mortality of patients with SAH

All patients (100%) were followed up for 2 years after the

start of treatment. For full follow-up, patients diagnosed with

SAH in 2018 were excluded due to a lack of 4-year mortality data

(n = 992, 37.7%). The 3-month, 1, 2, and 4-year mortality rates

of patients with SAH who underwent clipping and coiling were

13.5, 14.4, 15.2, and 16.1%, respectively.

A KM analysis was performed to determine mortality

according to hospital volume and treatment method in patients

with SAH who were treated with clipping and coiling. Older

patients had significantly higher mortality than younger patients

(log-rank test, p < 0.001, Figure 2A). No statistically significant

sex-specific differences were observed in the KM analysis (log-

rank test, p = 0.230; Figure 2B). Patients with severe clinical

status showed significantly highermortality than those withmild

clinical status (log-rank test, p < 0.001, Figure 2C). The KM

analysis did not reveal any significant differences according to

the types of surgery (clipping, coiling; log-rank test, p = 0.719,

Figure 2D).

Baseline characteristics by medical
facility type

Of the 136 hospitals that performed clipping and coiling

during the observation period, 39 (28.6%) were high-volume

hospitals. In high-volume hospitals, 536 (34.7%) patients

underwent clipping and 1,008 (65.3%) underwent coiling. In

low-volume hospitals, 374 (34.3%) patients underwent clipping

and 716 (65.7%) underwent coiling. Clipping and coiling

frequencies did not significantly differ between high- and low-

volume hospitals (p > 0.05). The distribution of age, sex ratio,

clinical status, and health insurance type did not differ between

high-volume and low-volume hospitals (p> 0.05). Although the

groups did not differ in terms of a medical history of smoking,

compared to low-volume hospitals, high-volume hospitals had a

significantly higher proportion of patients with low CCI (CCI 0)

FIGURE 2

The Kaplan–Meier estimate for survival probability of 2,634 patients with subarachnoid hemorrhage (SAH) treated with clipping and coiling. (A)

According to age, (B) according to sex, (C) according to severity, and (D) according to clipping and coiling group.

FIGURE 3

Kaplan–Meier estimate for survival probability of 2,634 patients with subarachnoid hemorrhage (SAH) treated with clipping and coiling. (A)

According to hospital type, (B) 910 patients treated with clipping according to hospital type, (C) 1,724 patients treated with coiling according to

hospital type, (D) Mild patients according to hospital type, and (E) Severe patients according to hospital type.
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(26.42 vs. 33.55%, p < 0.001) and stroke units (57.1 vs. 72.2%, p

< 0.001) (Table 1).

Distribution of patients according to
treatment method

Supplementary Figure 1 shows the distribution of patients

according to the treatment method in 2013, 2014, 2016, and

2018. The number of patients who underwent clipping was 197

(47.4%) in 2013, 122 (41.5%) in 2014, 320 (34.3%) in 2016, and

271 (27.3%) in 2018. The number of patients who underwent

coiling was 219 (52.6%) in 2013, 172 (58.5%) in 2014, 612

(65.7%) in 2016, and 721 (72.7%) in 2018. The proportion of

patients who underwent coiling is increasing annually.

Supplementary Figure 2 shows the distribution of overall

patients according to the treatment method in high-volume and

low-volume hospitals. In high-volume hospital, the number of

patients who underwent clipping were 118 (48.2%) in 2013,

73 (38.4%) in 2014, 198 (34.6%) in 2016, and 147 (27.4%) in

2018. The number of patients who underwent coiling were 127

(51.8%) in 2013, 117 (61.6%) in 2014, 374 (65.4%) in 2016,

and 390 (72.6%) in 2018. In low-volume hospitals, the number

of patients who underwent clipping were 79 (46.2%) in 2013,

49 (47.1%) in 2014, 122 (33.9%) in 2016, and 124 (27.3%) in

2018. The number of patients who underwent coiling were 92

(53.8%) in 2013, 55 (52.9%) in 2014, 238 (66.1%) in 2016, and

331 (72.7%) in 2018. The proportion of coiling was higher in

both high-volume and low-volume hospitals.

Mortality according to medical facility
type

The 3-month, 1, 2, and 4-yearmortality rates in high-volume

hospitals were 12.1, 13.0, 13, and 14.0%, respectively, while they

were 15.4, 16.3, 17.3, and 19.4%, respectively, in low-volume

hospitals. Patients with SAH in high-volume hospitals had

significantly lower short-term (3-month, 1-year) and long-term

mortality (2, 4-year) (p < 0.05).

In the KM survival analysis, high-volume hospitals showed

significantly higher survival rates than low-volume hospitals

(log-rank test, p = 0.014, Figure 3A). The survival rates of

patients treated with clipping did not differ significantly between

high-volume and low-volume hospitals (p = 0.371, Figure 3B);

however, KM survival analysis showed that patients treated with

coiling after SAH in high-volume hospitals had significantly

higher survival rates than those in low-volume hospitals (p =

0.018, Figure 3C). For patients with mild clinical status, KM

analysis did not show any difference in survival rate between

high-volume and low-volume hospitals (p = 0.519, Figure 3D).

However, for severe clinical status, high-volume hospitals had a

significantly higher survival rate than low-volume hospitals (p=

0.023, Figure 3E).

Multivariate logistic analysis of functional
outcome at discharge

The results of the multivariate logistic analysis predicting

poor functional outcomes at discharge are displayed in

Supplementary Table 2. After all covariates, including the

severity of SAH, were adjusted, treatment in high-volume

hospitals was associated with a lower odds ratio (OR) of poor

outcome at discharge (OR, 0.77; 95% CI, 0.62–0.95, p = 0.017)

compared with low-volume hospitals. Compared with clipping,

coiling was not associated with a poorer outcome at discharge

(OR, 0.99; 95% CI, 0.79–1.23, p = 0.896). Severe clinical status

was associated with higher odds of poor outcomes at discharge

(OR, 14.01; 95% CI, 10.58–18.56, p < 0.001) compared with

mild clinical status. An age of more than 70 years was associated

with higher odds of poor outcomes at discharge (OR, 4.45; 95%

CI, 3.07–6.44, p < 0.001) than an age between 18 and 45 years.

Arrival at the hospital without EMS was associated with lower

odds of poor outcomes at discharge (OR, 0.45; 95% CI, 0.34–

0.60, p < 0.001) compared with arrival via EMS. Patients with

CCIs of≥3 had higher odds of poor outcomes at discharge (OR,

2.03; 95% CI, 1.49–2.75; p < 0.001) than those with CCI scores

of 0.

Cox analysis of death of patients with
SAH who underwent clipping and coiling

Supplementary Table 3 shows the results of Cox analysis

of death in patients with SAH who underwent clipping and

coiling during short- and long-term follow-up. High-volume

hospitals had significantly lower 3-month mortality rates than

low-volume hospitals (HR, 95% CI, 0.75, 0.62–0.92, p= 0.0045).

High-volume hospitals had lower 1-, 2-, and 4-year mortality

rates than low-volume hospitals, but the difference was not

significant (p > 0.05). Mortality did not differ significantly

between clipping and coiling for patients with SAH. Patients

aged >70 years had significantly higher 3-month mortality

than those aged 18–45 years (HR, 95% CI, 1.91, 1.32–2.75, p

= 0.0006). Patients aged >70 had higher 1-, 2-, and 4-year

mortality rates, but the difference was not statistically significant

(p > 0.05). Mortality did not differ according to sex and health

insurance type (p > 0.05). Patients who arrived at the hospital

without EMS had lower 3-month mortality than those who

arrived at the hospital with EMS (HR, 95% CI, 0.71, 0.50–

1.00). CCI did not differ significantly at the 3-month follow-up;

however, patients with CCI > 3 had significantly lower 1-, 2-,
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TABLE 2 Cox analysis of death according to severity in patients with subarachnoid hemorrhage for 4 years.

3 month 1 year 2 year 4 year

Mild Severe Mild Severe Mild Severe Mild Severe

HR(95% CI) HR(95% CI) HR(95% CI) HR(95% CI) HR(95% CI) HR(95% CI) HR(95% CI) HR(95% CI)

Medical facility type

Low-volume hospitals 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

High-volume hospitals 0.67 (0.49–0.92)* 0.79 (0.61–1.03) 0.92 (0.67–1.26) 0.76 (0.58–0.99)* 0.99 (0.01–0.72) 0.72 (0.55–0.94)* 0.94 (0.31–0.84) 0.84 (0.60–1.18)

Surgery type

Clipping 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Coiling 0.85 (0.62–1.17) 0.97 (0.74–1.27) 0.77 (0.56–1.05) 1.13 (0.86–1.49) 0.89 (0.65–1.21) 1.07 (0.82–1.40) 0.83 (0.57–1.20) 1.22 (0.87–1.71)

Age, years

18–45 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

46–59 1.72 (0.97–3.06) 1.15 (0.75–1.78) 1.18 (0.67–2.10) 1.17 (0.76–1.81) 1.44 (0.81–2.56) 1.17 (0.76–1.80) 1.12 (0.55–2.24) 0.86 (0.50–1.48)

60–69 2.23 (1.18–4.24)* 1.26 (0.77–2.06) 1.96 (1.04–3.69)* 0.84 (0.51–1.38) 1.79 (0.96–3.31) 0.72 (0.44–1.18) 1.83 (0.87–3.83) 0.88 (0.48–1.62)

≥70 3.71 (2.00–6.88)*** 1.34 (0.84–2.13) 1.96 (1.05–3.64)* 0.90 (0.56–1.45) 1.54 (0.86–2.76) 0.85 (0.53–1.36) 1.87 (0.92–3.81) 0.79 (0.43–1.42)

Men 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Women 0.70 (0.48–1.03) 0.92 (0.69–1.24) 0.88 (0.61–1.29) 1.19 (0.89–1.59) 1.14 (0.78–1.78) 1.23 (0.92–1.64) 0.83 (0.52–1.31) 1.38 (0.96–2.00)

Health insurance type

Health insurance 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Medical aid 1.20 (0.64–2.23) 0.94 (0.55–1.59) 1.38 (0.74–2.57) 1.28 (0.76–2.17) 0.90 (0.49–1.67) 1.31 (0.77–2.22) 1.42 (0.67–3.00) 1.32 (0.67–2.58)

Arrival mode

EMS 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

No EMS 0.49 (0.31–0.77)** 1.61 (0.97–2.67) 0.56 (0.36–0.87)* 1.89 (1.13–3.15)* 0.67 (0.43–1.04) 1.14 (0.67–1.95) 0.76 (0.44–1.30) 1.38 (0.80–2.39)

Medical history

CCI score

0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

1 0.84 (0.54–1.29) 0.91 (0.64–1.31) 0.83 (0.54–1.30) 0.82 (0.57–1.19) 1.04 (0.66–1.63) 0.98 (0.68–1.41) 0.80 (0.47–1.38) 1.06 (0.67–1.68)

2 1.15 (0.72–1.82) 0.81 (0.55–1.18) 1.22 (0.77–1.94) 0.69 (0.47–1.01) 0.87 (0.54–1.42) 0.79 (0.53–1.16) 1.09 (0.62–1.92) 0.65 (0.40–1.07)

≥3 1.06 (0.69–1.64) 0.71 (0.49–1.03) 0.54 (0.34–0.86)** 0.53 (0.36–0.78)*** 0.63 (0.40–0.99)* 0.62 (0.43–0.91)* 0.76 (0.45–1.30) 0.58 (0.37–0.93)*

Values are presented as HR (95% CI), HR, hazard ratio; 95% CI, 95% confidence intervals.

EMS, emergency medical services; CCI, Charlson comorbidity index.

*Statistically significant p < 0.05.

**Statistically significant p < 0.01.

***Statistically significant p < 0.001.

and 4-year mortality than those with CCI 0 (1-year HR, 95% CI,

0.54, 0.41–0.73; 2-year 0.62, 0.47–0.83; 4-year 0.60, 0.42–0.85).

Cox analysis of death according to
patient severity

Table 2 shows the Cox analysis of death in SAH patients

with mild and severe clinical statuses who underwent clipping

and coiling during short- and long-term follow-ups. In patients

with mild clinical status, high-volume hospitals had significantly

lower 3-month mortality (HR, 95% CI, 0.67, 0.49–0.92, p =

0.0133), but high-volume hospitals did not have significant

differences in 1-, 2-, and 4-year mortality compared to low-

volume hospitals (p > 0.05). Clipping and coiling did not show

significant difference in mortality in patients with a mild clinical

status (p > 0.05). Patients aged >70 years had significantly

higher 3-month and 1-year mortality rates than those aged 18–

45 years (3-month HR, 95% CI, 3.71, 2.00–6.88, p < 0.0001;

1-year 1.96, 1.05–3.64; p = 0.0348). Neither did the 2-year and

4-year mortality rates differ significantly (p > 0.05) nor did sex

or health insurance type in the mild clinical status group (p

> 0.05). In patients with mild clinical status, those who did

not visit the hospital via EMS had significantly lower 3-month

and 1-year mortality rates than those who received EMS (3-

month HR, 95% CI, 0.49, 0.31–0.77, p = 0.0020; 1-year 0.56,

0.36–0.87; p = 0.0102). The 2- and 4-year mortality rates of

patients who came to the hospital via EMS were lower, but the

difference was not statistically significant (p > 0.05). Patients

with mild clinical status and CCI >3 had significantly lower 1-

and 2-year mortality rates than those with CCI 0 (1-year HR,
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95% CI, 0.54, 0.34–0.86, p = 0.0095; 2-year 0.63, 0.40–0.99; p =

0.0469).

In terms of severe clinical status, high-volume hospitals had

lower 3-month and 4-year mortality, but the difference was

not statistically significant (p > 0.05). However, high-volume

hospitals had significantly lower 1-year and 2-year mortality

rates (1-year HR, 95% CI, 0.76, 0.58–0.99, p = 0.0425; 2-year

0.72, 0.55–0.94; p = 0.0144). Clipping and coiling did not result

in significant differences in mortality in patients with severe

clinical statuses (p > 0.05). Age, sex, and health insurance

type did not differ significantly in patients with severe clinical

status (p > 0.05). Patients who did not visit the hospital via

EMS had higher 3-month, 2-year, and 4-year mortality rates,

but the difference was not statistically significant (p > 0.05).

However, patients who did not visit the hospital via EMS had

a significantly higher 1-year mortality than those who did (HR,

95% CI, 1.89, 1.13–3.15, p = 0.0147). Patients with CCI > 3

had significantly lower 1-, 2-, and 4-year mortality rates than

patients with CCI 0 (1-year HR, 95% CI, 0.53, 0.36–0.78, p =

0.0010; 2-year 0.62, 0.43–0.91, p= 0.0135; 4-year 0.58, 0.37–0.93;

p= 0.0228).

Hospital costs of patients with SAH

We analyzed the hospital cost of 2,634 patients with

SAH. Table 3 shows the hospital costs by volume and surgical

treatment. The mean total cost was $23,408 ± 13,179 (mean ±

SD; range $6,788–$205,659). One-thousand-and-ninety patients

were enrolled in low-volume hospitals, and the total cost

was $22,510 ± 11,195 (mean ± SD; range, $6,985–$156,817),

whereas 1,544 patients were enrolled in high-volume hospitals,

and the total cost was $24,042.01± 14,387.03 (mean± SD; range

$6,788–$205,659). Due to the cost analysis according to surgery,

the cost in high-volume hospitals was significantly higher than

that in low-volume hospitals (p< 0.05). Coiling was significantly

more expensive than clipping ($24,133 ± 13,566 vs. $22,033 ±

12,304, p < 0.05). Clipping was significantly more expensive in

high-volume hospitals than in low-volume hospitals ($22,715

± 14,282 vs. $21,056 ± 8,645, p = 0.0297). Coiling was also

more expensive in high-volume hospitals than in low-volume

hospitals ($24,747± 14,399 vs. $23,269± 12,257, p= 0.0220).

Discussion

A previous study that analyzed patients with SAH in Korea

in 2013 and 2014 revealed 1- and 5-year mortality rates of 21.4

and 24.3%, respectively (8). This study analyzed patients in 2013,

2014, 2016, and 2018, including data after 2015, and revealed 1-

and 4-year mortality rates of 14.4 and 16.1%, which were lower

than those observed previously. This change shows a similar

trend to the 33–20% reduction in mortality rate reported among

American patients with SAH (16, 17). Our study includes data

from after 2015, and the mortality rate was lower than that

reported in previous studies that used data from before 2015. As

endovascular techniques and neurocritical care in SAH surgery

have advanced over time, the mortality rate of patients with SAH

has decreased.

In this study, high-volume hospitals had high proportions

of stroke units, representing good patient care environments

(72.2 vs. 57.1%, p < 0.001). Similar to a previous study showing

that high-volume hospitals led patients to good outcomes,

reports also show that larger hospitals are associated with

better outcomes in SAH patients requiring complex surgery

(8, 9, 18). The general principle of high-quality care and the

outcomes at high-volume centers arise from the improvement

in the skills and experience of surgeons and other assistants

across numerous procedures. Postoperative care, such as triple-

H therapy, cardiopulmonary care, and hourly checkups of

neurological status, can easily be performed in high-quality

intensive care or stroke units with well-trained residents and

nurses. Based on the clinical status, improved clinical outcomes

in high-volume centers may reflect appropriate planning and

treatment algorithms for treating ruptured aneurysms after

SAH. Similar to a previous study, patients with SAH had better

outcomes in high-volume hospitals.

In our study, differences in clipping and coiling did

not result in a significant difference in mortality. Treatment

for ruptured aneurysms is divided into clipping and coiling,

which are difficult procedures and involve a steep learning

curve that involves the temporary removal of a bone flap

from the skull and ligation of the ruptured portion of the

aneurysm. The International Subarachnoid Aneurysm Trial

(ISAT) demonstrated the superiority of coiling over clipping

with lower 1-year mortality and epilepsy rates (19, 20). More

randomized controlled trials (RCTs) and prospective and

retrospective studies have been published since the ISAT, some

of which have reported results that differ from those of the

ISAT (21). O’Kelly et al. retrospectively analyzed a cohort of

adult patients with aneurysmal SAH who received treatment

for aneurysms in Ontario between 1995 and 2004. In addition,

contrary to the general findings of previous studies, it was

found that patients who underwent clipping had a significantly

lower mortality rate than those who underwent coiling (22).

In the barrow ruptured aneurysm trial (BRAT), clipping and

coiling did not differ significantly in terms of clinical outcomes

(mRS outcomes and deaths). The superiority of both treatment

outcomes is still controversial for each of these methods. In our

study, the short- and long-term mortality of patients with SAH

who underwent clipping and coiling did not differ significantly.

They may not represent a real clinical environment as both ISAT

and BRAT are RCTs. However, because our study was a large

observational study, it represents an actual clinical environment.

In our study, there was no significant difference in mortality

rates after clipping and coiling.
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TABLE 3 Hospital costs by hospital volume and surgical treatment of 2,634 patients.

N Average Standard deviation Min Max p-value

Total 2,634 $23,408.06 $13,179.94 $6,788.39 $205,659.05 0.002

Low-volume hospital 1,090 $22,510.06 $11,195.74 $6,985.27 $156,817.65

High-volume hospital 1,544 $24,042.01 $14,387.03 $6,788.39 $205,659.05

Total Low-volume hospital High-volume hospital p-value

Total $23,408.06± 13,179.94 $22,510.06± 11,195.74 $24,042.01± 14,387.03 0.002

Clip $22,033.69± 12,304.22 $21,056.28± 8,645.06 $22,715.69± 14,282.43 0.030

Coil $24,133.50± 13,566.91 $23,269.43± 12,257.16 $24,747.27± 14,399.70 0.022

Cost is calculated on the Korean Won (KRW ) then converted to the United States dollar (USD $) using an exchange rate of USD $1 = KRW 808 according to purchasing power

parties of 2022 on the OECD.

Although there was no difference in mortality rates between

clipping and coiling in our study, as a result of examining

the rates of clipping and coiling for each year, the number

of patients who received coiling is steadily increasing. After

ISAT, the proportion of coiling in Korea increased and the

proportion of coiling in both high-volume and low-volume

increased (Supplementary Table 3).

The results showed that the 3-month mortality rate in the

group aged >70 years was significantly higher than that in those

aged 18–45 years. Previous studies that included only data from

before 2015 showed that the 3-month, 1, and 2-year mortality

rates were significantly higher in the older patient group.

However, in the present study, only the 3-month mortality rates

were significantly higher in the older patient group. Unlike

previous results showing that the >70 years age group has

higher mortality rates and more expensive hospital fees, the

mortality rate between the old and young age groups did not

differ significantly (23). The development of SAH treatment has

changed the mortality rate with age.

CCI is unsuitable for measuring a patient’s condition

because, by definition, CCI is associated with specific

comorbidities and not with neurological conditions (24, 25).

In SAH, the initial clinical status and intracranial pressure are

more important than CCI.

Hospital costs differed significantly between high- and

low-volume hospitals. High-volume hospitals had significantly

higher costs than low-volume hospitals for all patients, including

in terms of classification according to clipping and coiling.

In a previous cost-effectiveness analysis of SAH patients,

the cost of clipping and coiling in the USA in 2013 was

$93,597 and $87,441, respectively. In Korea in 2015, clipping

and coiling costs were $17,221 ± 7,732 and $20,671 ±

9,704, respectively. The treatment cost for SAH in Korea

was lower than that in the USA. The treatment cost in

Korea was 82% and 77% lower for clipping and coiling,

respectively. In research on the paradigm shift in ruptured

aneurysms in the USA, clipping was used to treat most ruptured

aneurysms, and the proportion of aneurysms decreased over

time. Conversely, the proportion of coiling is increasing

gradually (26). Korea also developed its coiling technology

according to this paradigm, and the cost of coiling in Korea

is higher than that of clipping, as observed previously (27). In

Korea, the national health insurance system is in operation,

and HIRA adjusts the medical cost. Using an exchange rate

of USD $1 = KRW 808 based on the PPP of 2022, the

price of one clip is $185 and the price of one coil is $742,

and these prices differ from those of other countries. The

difference in medical costs, including staff costs, resulted in

the reversal of the price differences between clipping and

coiling. Coiling costs are higher than those of clipping in

Korea. According to the cost analysis, the difference between

the different insurance systems in each country was the

cost difference.

Although this study analyzes nationwide data, it had several

limitations. First, the data did not include brain images;

therefore, we could not assess stroke severity. Therefore, we

used the NIHSS and GCS scores from prospectively collected

data to adjust for stroke severity (28). The International

Cooperative Study on the Timing of Aneurysm Surgery has

shown that consciousness level is important in predicting

death and disability. The GCS is globally recognized and

has been used previously to assess the level of consciousness

in patients with SAH who initially underwent aneurysmal

surgery (29–31). Therefore, we believe that the ASAR should

be examined to determine the neurological status of patients

with SAH on initial admission using GCS. The GCS score

could be a representative measure to assess the outcomes

of patients with SAH. Second, high-volume hospitals were

represented according to the number of clipping and coiling

cases per year in each hospital. The best method for classifying

high-volume and low-volume hospitals remains controversial;

therefore, the criteria were set by referring to previous studies
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that compared mortality rates according to hospital volume

(8, 9). High-volume hospitals in our research were defined as

having a high number of cases, and the results showed an

association between high-volume hospitals and lower mortality

in patients with severe clinical status (32). Third, since this

study included data up to December 2018, a full 4-year follow-

up could not be performed. Therefore, some patient data

were omitted when the 4-year mortality rate was measured.

Because only a subset of patients was used to measure

the 4-year mortality, the 4-year mortality rate may not be

significant. Therefore, a follow-up study using all follow-up

data is necessary. Fourth, due to the difference in the number

of patients between clipping and coiling, coiling showed a

difference in mortality between hospital volumes, but clipping

did not show any difference in mortality according to the

difference in hospital volume. A retrospective study with a larger

number of patients is needed, and both clipping and coiling are

expected to show differences in mortality according to hospital

size differences.

Conclusion

Patients with SAH who underwent clipping and

coiling, especially those with severe clinical status, had

lower short- and long-term mortality rates in high-volume

hospitals than in low-volume hospitals. The Cox analysis

showed that short-term mortality in high-volume hospitals

was lower than that in low-volume hospitals. Based on

a nationwide database from our results, there was no

difference in mortality between clipping and coiling in

our study, regardless of whether patients were treated

with high or low volume. Based on the analysis method

adjusted for other variables, it can be inferred that SAH

should be treated by an experienced neurosurgeon with

high-quality facilities.
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