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ABSTRACT

Background: Subarachnoid hemorrhage is a potentially devastating cerebrovascular attack 
with a high proportion of poor outcomes and mortality. Recent studies have reported decreased 
mortality with the improvement in devices and techniques for treating ruptured aneurysms and 
neurocritical care. This study investigated the relationship between hospital volume and short- 
and long-term mortality in patients treated with subarachnoid hemorrhage.
Methods: We selected subarachnoid hemorrhage patients treated with clipping and coiling from 
March–May 2013 to June–August 2014 using data from Acute Stroke Registry, and the selected 
subarachnoid hemorrhage (SAH) patients were tracked in connection with data of Health 
Insurance Review and Assessment Service to evaluate the short-term and long-term mortality.
Results: A total of 625 subarachnoid hemorrhage patients were admitted to high-volume 
hospitals (n = 355, 57%) and low-volume hospitals (n = 270, 43%) for six months. The 
mortality of SAH patients treated with clipping and coiling was 12.3%, 20.2%, 21.4%, and 
24.3% at 14 days, three months, one year, and five years, respectively. The short-term and 
long-term mortality in high-volume hospitals was significantly lower than that in low-volume 
hospitals. On Cox regression analysis of death in patients with severe clinical status, low-
volume hospitals had significantly higher mortality than high-volume hospitals during short-
term follow-up. On Cox regression analysis in the mild clinical status group, there was no 
statistical difference between high-volume hospitals and low-volume hospitals.
Conclusion: In subarachnoid hemorrhage patients treated with clipping and coiling, low-
volume hospitals had higher short-term mortality than high-volume hospitals. These results 
from a nationwide database imply that acute SAH should be treated by a skilled neurosurgeon 
with adequate facilities in a high-volume hospital.
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INTRODUCTION

Subarachnoid hemorrhage (SAH) is a potentially devastating cerebrovascular attack with a 
high proportion of poor outcomes and mortality.1 Recent studies have reported a decrease 
in mortality with improvement in devices and techniques used for treating ruptured 
aneurysms and neurocritical care.1-3 However, the outcome after the management of 
SAH varies widely, according to patient-level factors such as age, sex, and clinical status. 
Moreover, the outcome is also affected by hospital-level factors such as the experience and 
skills of a surgeon, hospital volume, and stroke unit. Most studies reporting the outcomes 
after the treatment of SAH have been primarily performed in high-volume hospitals and 
by experienced surgeons,4,5 making it difficult to generalize these results to actual clinical 
settings. Consequently, studies using multicenter data are needed to investigate mortality 
after treatment of SAH. We used nationwide data to investigate the short- and long-term 
mortality after SAH treatment according to hospital volume.

METHODS

Data and study population
Since 2011, South Korea has developed the Acute Stroke Assessment Registry—a nationwide, 
prospectively collected database from 201 pre-selected hospitals to assess the quality of stroke 
care management and improve patients' outcomes with stroke in pre-selected hospitals. The 
healthcare and medical insurance systems in South Korea cover the entire population. The 
general population has good physical and financial access to medical services.

Acute Stroke Assessment Registry is devoted to improving acute stroke care. These records 
can be anonymously linked to the Health Insurance Review and Assessment Service (HIRA) 
database using encrypted personal identification numbers, which allowed us to determine 
survival outcomes among SAH patients. Skilled medical personnel in pre-selected hospitals 
are responsible for collecting detailed data of patients who visit the emergency department 
for stroke. Further, they share the data with HIRA. Using this data, the HIRA provides 
feedback to each hospital and assigns a grade. The patients' data are protected and kept 
anonymous throughout the process. This study was conducted in partnership with Health 
Insurance Review and Assessment Service under the National Registry Research Project.

We analyzed data collected from March-May 2013 to June-August 2014 from the Acute 
Stroke Assessment Registry. Acute hemorrhagic stroke patients were defined as those with 
hemorrhagic stroke as the primary disease (International Classification of Disease, 10th 
version [ICD-10]: I60, I61, and I62) who were admitted to the hospital via the emergency 
department within 7 days of the onset of symptoms. Patients who suffered a traumatic injury 
were excluded from the study to exclude trauma-induced hemorrhagic stroke. We limited our 
dataset to first-time hemorrhagic stroke patients who had not been hospitalized for a primary 
or secondary disease related to hemorrhagic stroke over the past year to minimize confusion 
resulting in mixed cases. The type of surgery was limited to aneurysmal clipping and coiling, 
which are the major surgical techniques used to treat SAH.

We analyzed acute stroke data of these selected patients and then tracked the administrative 
data during the follow-up period. All patients included in this study were monitored for five 
years. Mortality was identified based on Statistics Korea data, and records were linked to 
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the HIRA database. Thus, this registry is a reliable way to study the long-term mortality of 
patients with acute stroke who need ongoing care.

Study population
During a period of 6 months, 20,202 acute stroke patients were admitted to the emergency 
departments. A total of 5,047 (25%) patients suffered an acute hemorrhagic stroke. To 
analyze and compare the effect of treatment, patients who received conservative treatment 
for SAH were excluded. A total of 4,422 patients were excluded as their initial Glasgow Coma 
Scale (GCS) was either not recorded on admission, or they did not receive surgical treatment 
(clipping or coiling). Six hundred and twenty-five patients were treated with surgical clipping 
(n = 355, 57%) or endovascular coiling (n = 270, 43%).

To avoid the intentional cut-off level bias, we divided patients into two groups according 
to the number of clipping and coiling procedures conducted in a hospital: high-volume 
hospitals (≥ 20 cases per year); and low-volume hospitals (< 20 cases per year).6 We divided 
the severity of clinical status into two groups according to GCS on admission: 1) severe 
clinical status (GCS ≤ 9); and 2) mild clinical status (GCS ≥ 10). To divide the severity of 
clinical status in patients with SAH, we determined a cut-off score of GCS 9 because it 
predicted poor outcome after SAH in a previous study.7 Economy status was divided into 
health insurance and medical aid. Based on smoking history, patients were divided into 
current smokers, ex-smokers, and non-smokers. The Charlson Comorbidity Index (CCI) 
was determined using the ICD-10 code and was divided into two groups: 0 and ≥ 1. The use 
of emergency medical services (EMS) before arrival at the hospital, onset-to-door time, and 
door-to-image time were also collected. The mortality rate after admission was divided into 
five categories: within 14 days; within one month; three months; one year; and five years.

Statistical analysis
We compared high-volume hospitals and low-volume hospitals using a χ2 test for categorical 
variables. Descriptive data are expressed as percentages. The primary outcome of this study 
was short-term survival (14 days and 3 months) and long-term (1-year and 5-year) follow-up 
after onset of SAH. We reported Kaplan–Meier survival estimates and the difference between 
survival curves tested using the log-rank test stratified by matched sets. Cox proportional 
hazard models were used to estimate the hazard ratio (HR) of SAH associated with the 
treatment method and 95% confidence intervals (CIs). The model was adjusted for potential 
confounding factors such as age, sex, health insurance type, type of surgery (clipping or 
coiling), clinical status on admission (severe or mild), CCI, medical facility type (high-volume 
or low-volume hospitals), and stroke unit. A proportional hazards assumption was used to 
validate the application of the Cox proportional hazard models. Data analysis was performed 
using SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA). A two-sided test with P < 0.05 was 
considered statistically significant.

Ethics statement
The study was conducted according to the guidelines of the Declaration of Helsinki and 
approved by the Research Ethics Committee of Soonchunhyang University Hospital (IRB 
number SCHCH-2018-07-025). This study was performed under the National Stroke Quality 
Assessment Research with National Health Insurance Administration. The requirement for 
informed consent was waived due to the retrospective nature of the study.
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RESULTS

Baseline characteristics
Table 1 demonstrates the baseline characteristics of SAH patients who underwent clipping 
and coiling procedures. A total of 625 patients with SAH underwent clipping and coiling 
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Table 1. Baseline characteristics of 625 patients who had coiling and clipping after subarachnoid hemorrhage
Variables Medical facility type Total P value

High-volume 
hospitals

Low-volume 
hospitals

No. of patients 355 270 625
Patient-level

Age, yr 0.634
18–45 74 (20.9) 57 (21.1) 131 (21.0)
46–59 154 (43.4) 122 (45.2) 276 (44.1)
60–69 58 (16.3) 49 (18.1) 107 (17.1)
≥ 70 69 (19.4) 42 (15.6) 111 (17.8)

Sex 0.242
Male 129 (36.3) 86 (31.9) 215 (34.4)
Female 226 (63.7) 184 (68.1) 410 (65.6)

Hospital level
Type of surgery < 0.001*

Clipping 274 (77.2) 172 (63.7) 446 (71.4)
Coiling 81 (22.8) 98 (36.3) 179 (28.6)

Severity of clinical status 0.057
Severe 61 (17.4) 62 (23.7) 123 (20.1)
Mild 289 (82.6) 200 (76.3) 489 (79.9)

Health insurance type 0.187
Health insurance 344 (96.9) 256 (94.8) 600 (96.0)
Medical aid 11 (3.1) 14 (5.2) 25 (4.0)

Medical history 0.548
Smoker

Current smoker 88 (25.0) 76 (28.8) 164 (26.6)
Ex-smoker 15 (4.3) 12 (4.6) 27 (4.4)
Non-smoker 249 (70.7) 176 (66.7) 425 (69.0)

Charlson Comorbidity Index score 0.996
0 334 (94.1) 254 (94.1) 588 (94.1)
1 21 (5.9) 16 (5.9) 37 (5.9)

Assessment level
Onset-to-door time 0.013*

≤ 2 hr 119 (37.7) 117 (48.2) 236 (42.2)
> 2 hr 197 (62.3) 126 (51.8) 323 (57.8)

Arrival mode 0.990
EMS 271 (76.3) 206 (76.3) 477 (76.3)
No EMS 84 (23.7) 64 (23.7) 148 (23.7)

Door-to-image time 0.132
≤ 1 hr 265 (92.0) 206 (95.4) 471 (93.5)
> 1 hr 23 (8.0) 10 (4.6) 33 (6.5)

Stroke unit < 0.001*
Yes 289 (81.4) 103 (38.2) 392 (62.7)
No 66 (18.6) 167 (61.8) 233 (37.3)

No. of deaths
14-day 32 (9.0) 45 (16.7) 77 (12.3) 0.004*
1-mon 50 (14.1) 66 (24.4) 116 (18.6) 0.001*
3-mon 55 (15.5) 71 (26.3) 126 (20.2) 0.001*
1-yr 61 (17.2) 73 (27.0) 134 (21.4) 0.003*
5-yr 71 (20.0) 81 (30.0) 152 (24.3) 0.004*

Data are presented as number (%).
EMS = emergency medical service.
*P < 0.05 significance.



within the six-month period. Forty-four percent of patients were 46–59 years old. The male-
to-female ratio was 1:1.91. There were 446 (71%) patients who underwent clipping, and 179 
(29%) underwent coiling. Of the 210 hospitals, 42 (20%) were high-volume. SAH patients 
were admitted to high-volume hospitals (n = 355) and low-volume hospitals (n = 270). 
Twenty percent of SAH patients had severe neurological status (GCS ≤ 9) on admission. Of 
the selected patients, 96% had health insurance, and 4% had medical aid. Forty-two percent 
of patients were admitted within two hours after symptom onset. Seventy-six percent of 
patients utilized EMS to travel to the hospital. Ninety-four percent of patients underwent 
computed tomography or magnetic resonance image within one hour after admission to the 
emergency department.

Mortality of SAH patients
Of all the patients, 12% died within 14 days of SAH treatment. The 1-month, 3-month, 1-year, 
and 5-year mortality rates of SAH patients who had clipping and coiling were 19%, 20%, 21%, 
and 24%, respectively.

Medical facility
High-volume hospitals treated 355 SAH patients. Of these, 274 (77%) patients underwent 
clipping. Low-volume hospitals had 270 SAH patients, of which 172 (64%) patients 
underwent clipping. Clipping was performed more commonly in high-volume hospitals 
(P < 0.001). High-volume hospitals received more SAH patients who had arrived within 2 
hours after symptom onset than general hospitals (P = 0.013). The distribution of age, sex 
ratio, severity of clinical status, health insurance type, medical history, and CCI did not 
differ significantly between high-volume hospitals and low-volume hospitals. High-volume 
hospitals had a higher proportion of stroke units than low-volume hospitals (81% vs. 38%, 
P < 0.001, Table 1). The mortality rates of high-volume hospitals at 14 days, one month, 
three months, one year, and five years were 9%, 14%, 16%, 17%, and 20%, respectively. The 
mortality rates of low-volume hospitals at 14 days, one month, three months, one year, and 
five years were 12%, 19%, 20%, 21%, and 24%, respectively.

On univariate analysis, short- and long-term mortality rates of SAH patients who had been 
treated in high-volume hospitals were significantly lower than those of low-volume hospitals 
(P < 0.05). The Kaplan–Meier curve of patients who had been treated with clipping and coiling 
after SAH between low-volume hospitals and high-volume hospitals demonstrated that the 
survival rate in low-volume hospitals was lower than that of high-volume hospitals for 5 years 
(P = 0.002, Fig. 1A). The survival rate of patients with severe clinical status was significantly 
lower than that of patients with mild clinical status (P < 0.001, Fig. 1B). The survival rate 
between the clipping and coiling groups was not significantly different (P = 0.471, Fig. 1C).

Severity of clinical status
The survival rate of SAH patients in high-volume hospitals was significantly higher than that 
of patients in low-volume hospitals during long-term follow-up (P = 0.023,Fig. 2A). In the 
mild clinical status group, the survival rate of SAH patients in high-volume hospitals was 
higher than that in low-volume hospitals during long-term follow-up; however, the difference 
was not statistically significant (P = 0.139, Fig. 2B). There was no significant difference 
between the clipping and coiling groups in severe and mild clinical status (P > 0.05, Fig. 3).
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Fig. 1. Kaplan-Meier curve of patients who had coiling or clipping after subarachnoid hemorrhage according to medical facility type (A), the severity of clinical 
status (B), and method of treatment (C).
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Mortality between low-volume and high-volume centers
The in-hospital mortality within 14 days in the high-volume center was significantly lower 
than that at the low-volume center (9.0% vs. 16.7%, P = 0.004). The one-month mortality at 
the high-volume center was significantly lower than that at the low-volume center (14.1% vs. 
24.4%, P = 0.001), and the three-month mortality at the high-volume center was significantly 
lower than that at the low-volume center (15.5% vs. 26.3%, P = 0.001). The one-year mortality 
at the high-volume center was significantly lower than that at the low-volume center (17.1% 
vs. 27.0%, P = 0.003), and the five-year mortality at the high-volume center was significantly 
lower than that at the low-volume center (20.0% vs. 30.0%, P = 0.004).

Cox analysis of death according to the severity of clinical status
Table 2 showed the Cox analysis of death of SAH patients who underwent clipping and coiling 
during short- and long-term follow-up. There was no statistical difference between high-
volume hospitals group and low-volume hospitals group for SAH patients. We performed Cox 
regression analysis according to the severity of clinical status. On severe clinical status group, 
low-volume hospitals had a significantly higher HR for short-term (14-day and 3-month) 
mortality (Table 3) than the high-volume hospitals. However, there was no significant 
difference in long-term mortality (1-year and 5-year) between low-volume hospitals and high-
volume hospitals (Table 3). In the severe clinical status group, females had a higher HR (4.01) 
than males at 14-days (P = 0.012); however, there were no statistically significant sex-specific 
differences at three months, one year, and five years. There was no statistical difference in 
terms of the type of surgery, age, health insurance type, smoking history, CCI, and stroke unit 
during short- and long-term follow-up.

For Cox analysis of death in the mild clinical status group, low-volume hospitals had higher 
HRs than high-volume hospitals during short- and long-term follow-up; however, the 
difference was not statistically significant (P > 0.05). Very old age (≥ 70 years) had a significantly 
higher HR than patients aged 18–45 (P < 0.05). Medical aid showed a tendency toward a higher 
HR than health insurance, and the medical aid group had high HR (5.74) at five-year follow-up 
(P = 0.002). There was no statistical difference in terms of the type of surgery, medical facility 
type, sex, smoking history, CCI, and stroke unit during short- and long-term follow-up.
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Fig. 3. Kaplan-Meier curve of subarachnoid hemorrhage patients who had clipping and coiling techniques performed according to severe clinical status (A) and 
mild clinical status (B).



DISCUSSION

Mortality rates at one year and five years in Korea were 21% and 24%, respectively, and these 
results were similar to those obtained in the previous studies.3,8 This study investigated the 
association between hospital volume and mortality after SAH treatment, such as clipping and 
coiling. Our results showed that mortality from SAH decreased with an increasing volume of 
ruptured aneurysm cases. These results correlate with previous findings that a higher volume 
of surgery leads to better outcomes.9 SAH treatment does not always produce a good clinical 
outcome, even with a highly experienced surgeon or neurointerventionist. Previous studies 
have focused on the relationship between the volume of craniotomy and mortality caused 
by SAH. They also investigated data from a regional population or data from a few large 
centers.10 Our data included the outcome of clipping and coiling on pre-selected hospitals; 
selected by the government according to the well-designed and high-quality facilities in 
Korea. This study investigated national level interpretation using national health insurance 
claim data for Korea's general public who were being treated for a ruptured aneurysm. In our 
study, the low-volume center had significantly higher short and long-term mortality than the 
high-volume center and low-volume hospitals had significantly lower proportion of stroke 
units than high-volume hospitals (38% vs. 81%, Table 1). On Cox analysis of death in severe 
clinical status group, low-volume hospital had higher mortality on short-term follow up 
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Table 2. Cox analysis of death in subarachnoid patients who underwent clipping and coiling during short- and long-term follow-up
Variables 14-day 3-mon 1-yr 5-yr

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Type of surgery

Clipping 1.00 1.00 1.00 1.00
Coiling 1.03 (0.55–1.94) 0.928 1.11 (0.63–1.94) 0.723 1.01 (0.57–1.80) 0.977 1.12 (0.65–1.93) 0.692

Medical facility type
High-volume hospitals 1.00 1.00 1.00 1.00
Low-volume hospitals 1.63 (0.86–3.09) 0.131 1.66 (0.93–2.94) 0.085 1.52 (0.84–2.75) 0.166 1.51 (0.86–2.66) 0.155

Age, yr
18–45 1.00 1.00 1.00 1.00
46–59 1.16 (0.48–2.81) 0.739 1.24 (0.57–2.69) 0.595 1.19 (0.53–2.69) 0.672 1.32 (0.61–2.86) 0.479
60–69 1.41 (0.51–3.95) 0.512 1.88 (0.76–4.66) 0.174 1.90 (0.74–4.89) 0.185 2.17 (0.88–5.34) 0.092
≥ 70 1.16 (0.42–3.22) 0.783 3.60 (1.49–8.69) 0.004* 6.23 (2.51–15.43) < 0.001* 8.80 (3.69–20.99) < 0.001*

Sex
Male 1.00 1.00 1.00 1.00
Female 1.93 (0.90–4.12) 0.091 0.84 (0.43–1.64) 0.617 0.71 (0.36–1.42) 0.332 0.77 (0.40–1.48) 0.432

Health insurance type
Health insurance 1.00 1.00 1.00 1.00
Medical aid 1.10 (0.29–4.09) 0.892 1.74 (0.57–5.32) 0.335 3.56 (1.22–10.36) 0.020* 5.63 (2.00–15.85) 0.001

Severity of clinical status
Mild (GCS ≥ 10) 1.00 1.00 1.00 1.00
Severe (GCS ≤ 9) 17.11 (9.32–31.40) < 0.001* 20.61 (12.12–35.04) < 0.001* 27.79 (15.80–48.89) < 0.001* 24.65 (14.07–43.21) < 0.001*

Medical history
Smoker

Current smoker 1.00 1.00 1.00 1.00
Ex-smoker 0.79 (0.20–3.13) 0.735 0.84 (0.23–3.05) 0.789 0.79 (0.21–3.01) 0.728 0.83 (0.23–3.00) 0.779
Non-smoker 0.69 (0.32–1.48) 0.335 1.02 (0.51–2.05) 0.949 1.05 (0.51–2.16) 0.893 0.80 (0.41–1.59) 0.532

Charlson Comorbidity Index score
0 1.00 1.00 1.00 1.00
≥ 1 1.10 (0.28–4.34) 0.895 0.69 (0.20–2.36) 0.550 0.60 (0.17–2.11) 0.423 0.71 (0.23–2.22) 0.557

Stroke unit
No 1.00 1.00 1.00 1.00
Yes 0.91 (0.48–1.77) 0.800 0.74 (0.41–1.32) 0.307 0.72 (0.39–1.31) 0.278 0.74 (0.42–1.31) 0.297

OR = odds ratio, CI = confidence interval, GCS = Glasgow coma scale.
*P < 0.05 significance.
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Table 3. Cox analysis of death in subarachnoid patients who underwent clipping and coiling during short- and long-term follow-up according to severe clinical 
status and mild clinical status on admission
Variables 14-day 3-mon 1-yr 5-yr

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Severe clinical status

Type of surgery
Clipping 1.00 1.00 1.00 1.00
Coiling 0.73 (0.29–1.85) 0.512 1.01 (0.39–2.60) 0.990 0.84 (0.31–2.29) 0.738 1.13 (0.39–3.28) 0.818

Medical facility type
High-volume hospitals 1.00 1.00 1.00 1.00
Low-volume hospitals 2.63 (1.06–6.54) 0.038* 2.62 (1.02–6.74) 0.045* 2.40 (0.86–6.71) 0.094 1.80 (0.62–5.21) 0.278

Age, yr
18–45 1.00 1.00 1.00 1.00
46–59 0.75 (0.19–2.93) 0.678 0.52 (0.11–2.38) 0.395 0.53 (0.11–2.41) 0.408 0.49 (0.10–2.27) 0.359
60–69 0.79 (0.17–3.70) 0.759 1.69 (0.25–11.23) 0.590 2.01 (0.30–13.65) 0.477 1.59 (0.24–10.71) 0.634
≥ 70 0.24 (0.05–1.15) 0.074 0.44 (0.08–2.38) 0.343 1.34 (0.23–7.76) 0.745 1.70 (0.27–10.83) 0.573

Sex
Male 1.00 1.00 1.00 1.00
Female 4.01 (0.36–11.77) 0.012* 1.78 (0.64–4.95) 0.266 1.06 (0.37–3.02) 0.910 1.44 (0.50–4.21) 0.512

Health insurance type
Health insurance 1.00 1.00 - -
Medical aid 0.59 (0.09–3.93) 0.586 0.79 (0.12–5.35) 0.807 - - - -

Medical history (smoking history)
Current smoker 1.00 1.00 1.00 1.00
Ex-smoker 0.36 (0.07–1.96) 0.239 0.19 (0.03–1.11) 0.065 0.23 (0.03–1.38) 0.107 0.21 (0.03–1.28) 0.091
Non-smoker 0.40 (0.13–1.18) 0.096 0.66 (0.22–2.00) 0.462 0.87 (0.27–2.75) 0.806 0.73 (0.22–2.43) 0.603

Charlson Comorbidity Index score
0 1.00 1.00 1.00 1.00
≥ 1 0.75 (0.09–6.17) 0.788 0.26 (0.03–2.32) 0.230 0.26 (0.03–2.24) 0.218 0.25 (0.03–2.16) 0.208

Stroke unit
No 1.00 1.00 1.00 1.00
Yes 0.87 (0.35–2.19) 0.767 0.87 (0.33–2.35) 0.794 0.82 (0.29–2.32) 0.712 0.78 (0.26–2.29) 0.646

Mild clinical status
Type of surgery

Clipping 1.00 1.00 1.00 1.00
Coiling 1.40 (0.54–3.65) 0.487 1.15 (0.56–2.38) 0.704 1.08 (0.52–2.22) 0.837 1.10 (0.57–2.10) 0.784

Medical facility type
High-volume hospitals 1.00 1.00 1.00 1.00
Low-volume hospitals 1.19 (0.42–3.38) 0.742 1.41 (0.64–3.09) 0.393 1.21 (0.56–2.64) 0.628 1.46 (0.72–2.97) 0.294

Age, yr
18–45 1.00 1.00 1.00 1.00
46–59 1.69 (0.34–8.48) 0.521 1.84 (0.58–5.81) 0.302 1.84 (0.58–5.81) 0.301 1.91 (0.68–5.41) 0.222
60–69 2.37 (0.41–13.85) 0.337 1.83 (0.46–7.33) 0.395 1.84 (0.46–7.38) 0.390 2.45 (0.73–8.24) 0.147
≥ 70 5.63 (1.07–29.56) 0.041* 9.86 (2.93–33.20) < 0.001* 11.22 (3.37–37.37) < 0.001* 14.53 (4.80–43.98) < 0.001*

Sex
Male 1.00 1.00 1.00 1.00
Female 1.09 (0.30–3.96) 0.901 0.53 (0.21–1.35) 0.183 0.61 (0.24–1.55) 0.297 0.59 (0.25–1.39) 0.226

Health insurance type
Health insurance 1.00 1.00 1.00 1.00
Medical aid 2.19 (0.43–11.23) 0.347 2.50 (0.70–8.90) 0.157 3.26 (0.97–10.89) 0.056 5.74 (1.90–17.37) 0.002*

Medical history (smoking history)
Current smoker 1.00 1.00 1.00 1.00
Ex-smoker 1.94 (0.20–19.26) 0.571 2.09 (0.40–11.04) 0.385 2.00 (0.38–10.42) 0.413 2.06 (0.51–8.38) 0.314
Non-smoker 1.06 (0.28–4.02) 0.929 1.31 (0.49–3.53) 0.590 1.08 (0.41–2.86) 0.873 0.81 (0.34–1.94) 0.639

Charlson Comorbidity Index score
0 1.00 1.00 1.00 1.00
≥ 1 0.78 (0.10–6.27) 0.811 0.77 (0.16–3.60) 0.735 0.76 (0.16–3.56) 0.722 0.95 (0.25–3.58) 0.939

Stroke unit
No 1.00 1.00 1.00 1.00
Yes 1.29 (0.44–3.77) 0.645 0.69 (0.31–1.49) 0.342 0.63 (0.29–1.37) 0.243 0.70 (0.34–1.41) 0.314

OR = odds ratio, CI = confidence interval.
*P < 0.05 significance.



(Table 3). The general principle of high-quality care and outcomes from high-volume centers 
comes from the improvement of surgeons' and other assistants' skill and experience across 
numerous surgeries. Postoperative care—such as triple H therapy, cardiopulmonary care, and 
the check-up of neurological status every hour—is easy to achieve in high-quality intensive 
care units or stroke units with well-trained residents and nurses. Improved clinical outcomes 
in high-volume centers may reflect proper planning and treatment algorithms for treatment 
of ruptured aneurysms performed based on clinical status after SAH. Medical facilities such 
as stroke unit or number of surgery and skilled neurosurgeons is important on short-term 
outcome or hospital mortality.

Treatment for ruptured aneurysms is generally divided into clipping and coiling; however, 
the superiority of treatment outcomes for each of these methods is still debated. Clipping 
for SAH involves the temporary removal of a bone flap from the skull and ligation of the 
ruptured portion of the aneurysm. Clipping is considered to be a difficult procedure and 
involves a steep learning curve. Endovascular coiling is regarded as a first-line treatment 
for SAH since the International Subarachnoid Aneurysm Trial (ISAT). However, recent 
meta-analyses of SAH found that in-hospital mortality with surgical clipping was superior 
to that with endovascular coiling.11,12 The learning curve of coiling has shortened over the 
years than that of clipping with the development of devices, and coiling is regarded as a less 
invasive procedure with a slightly shorter length of hospital stay.13 The ISAT and Barrow 
Ruptured Aneurysm Trial (BRAT) were performed under selected criteria; however, these 
results were similar at one year postoperatively. In BRAT, coiling resulted in significantly 
fewer poor outcomes (mRS score > 2) at one year compared to clipping (odds ratio, 1.68; 
95% CI, 1.08–2.61; P = 0.021).14 Our results showed no significant difference in the three-
month, one-year, and five-year mortality between clipping and coiling in patients with SAH. 
The three, six, and 10-year results of BRAT showed that there was no significant difference in 
clinical outcomes between clipping and coiling for ruptured aneurysms.5 Since our data were 
obtained from pre-selected hospitals with a well-designed protocol, our results were similar 
to those of BRAT—rather than ISAT which had high rebleeding rates in the clipped cohort.15 
Cox analysis showed that coiling had a lower HR than clipping on severe clinical status, 
and clipping had lower HR than clipping on mild clinical status (Tables 2 and 3). However, 
there was no statistical difference between clipping and coiling for a ruptured aneurysm. 
Clipping for ruptured aneurysms requires a well-trained surgeon with skill and experience. 
The hematoma is removed and diluted in the subarachnoid space, and the intraparenchymal 
brain hematoma removal is simultaneously performed with open craniotomy. Surgical 
interventions such as hematoma evaluation and cerebrospinal fluid drainage with clipping 
could reduce the mortality of patients with SAH by decreasing the high intracranial pressure. 
However, severe clinical status SAH patients generally have high intracranial pressure 
accompanied by acute hydrocephalus, thick SAH, and intracranial hematoma. High 
intracranial pressure causes rebleeding during craniotomy, dura opening, sylvian dissection, 
or aneurysm dissection and clipping at every stage. As severe clinical status represents 
high intracranial pressure after SAH, clipping with severe clinical status could increase the 
difficulty of the surgical approach, as well illicit poor outcomes.

This study has a few limitations despite being comprised of nationwide data. First, the 
severity of stroke could not be assessed using brain imaging. To adjust for stroke severity, 
CCI and dichotomized GCS were used from prospectively collected data.16 The International 
Cooperative Study on the Timing of Aneurysm Surgery showed that the level of consciousness 
is important to predict death and disability and GCS has been used to assess the level of 
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consciousness with worldwide acceptance for SAH patients who underwent an aneurysm 
operation at an early stage.17-19 Therefore, we believe that Acute Stroke Assessment Registry 
should be examined for neurological status of SAH patients using GCS on initial admission. 
GCS could be a representative measure to access the outcome of SAH patients. Second, 
high-volume hospitals represented the number of cases per year of each hospital. Despite 
the concept that high-volume hospitals are related to a better experience, and evidence of the 
association between volume of surgery and outcome, we set the cut-off point as 20 cases per 
year for classifying the hospitals.9 Our results showed that patients with severe clinical status 
for SAH should be treated at a high-volume medical facility to reduce hospital mortality and 
improve short-term outcomes. The number of surgeries and coiling procedures represent 
the number of hospitalized patients. SAH is mainly caused by a ruptured cerebral aneurysm. 
However, no bleeding source could be identified in up to 10–15% of patients with SAH. An 
estimated 15% of patients die before reaching the hospital. Approximately 25% of patients 
die within 24 hours. About 60% of the patients diagnosed with SAH were treated either with 
surgery or coiling in this study. Many studies consistently proved that the cut-off number 
of 20 cases for aneurysm treatment is reliable for recognizing a hospital as a high-volume 
center.6,20 The proportion of high-volume and low-volume hospitals were 37% and 63% of 
the total 142 hospitals, respectively. High-volume hospitals were all tertiary general hospitals 
and had an average of 1,148 beds/hospital. Low-volume hospitals were all general hospitals 
and had an average of 562 beds/hospital. The status of manpower is as follows. The average 
number of doctors and nurses were 750 and 1,206 in high-volume hospitals, whereas the 
average number of doctors and nurses were 202 and 376 in low volume hospitals. These 
data suggested that high-volume hospitals can produce good clinical results with better 
medical environment and manpower. High-volume hospitals consisted of all tertiary general 
hospitals with trainees and a higher percentage of patients were being transferred from 
another hospital. The transfer of patients to higher level hospitals warranted that the high-
volume critical diseases and teaching hospitals had a well-programmed neurocritical system 
and high quality of neurocritical care. High-volume hospitals performed significantly higher 
number of clipping procedures than low-volume hospitals (77% vs. 64%, P < 0.001). Surgical 
approach in patients with high intracranial pressure could not reduce hospital mortality. 
High-volume hospitals with surgical approach could lower the mortality for severe clinical 
status of stroke patients.

In SAH patients who undergo clipping and coiling, especially those with severe clinical 
status, low-volume hospitals had higher short- and long-term mortality than those of 
high-volume hospitals. On Cox regression analysis, the short-term mortality in low-volume 
hospitals was higher than that of high-volume hospitals. From our results based on the 
study of the nationwide database, it can be inferred that acute hemorrhagic stroke should be 
treated by a skilled neurosurgeon with adequate facilities.
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