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Objective : Intracerebral hemorrhage (ICH) accompanies higher mortality rates than other type of stroke. This study aimed to
investigate the association between hospital volume and mortality for cases of ICH.

Methods : We used nationwide data from 2013 to 2018 to compare high-volume hospitals (=32 admissions/year) and low-volume
hospitals (<32 admissions/year). We tracked patients’ survival at 3-month, 1-year, 2-year, and 4-year endpoints. The survival of ICH
patients was analyzed at 3-month, 1-year, 2-year, and 4-year endpoints using Kaplan-Meier survival analysis. Multivariable logistic
regression analysis and Cox regression analysis were performed to determine predictive factors of poor outcomes at discharge and
death.

Results : Among 9086 ICH patients who admitted to hospital during 18-month period, 6756 (74.4%) and 2330 (25.6%) patients
were admitted to high-volume and low-volume hospitals. The mortality of total ICH patients was 18.25%, 23.87%, 27.88%, and
35.74% at the 3-month, 1-year, 2-year, and 4-year, respectively. In multivariate logistic analysis, high-volume hospitals had lower
poor functional outcome at discharge than low-volume hospitals (odds ratio, 0.80; 95% confidence interval, 0.72-0.91; p<0.001).
In the Cox analysis, high-volume hospitals had significantly lower 3-month, 1-year, 2-year, and 4-year mortality than low-volume
hospitals (p<0.05).

Conclusion : The poor outcome at discharge, short- and long-term mortality in ICH patients differed according to hospital volume.
High-volume hospitals showed lower rates of mortality for ICH patients, particularly those with severe clinical status.
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INTRODUCTION

Stroke remains the second-largest cause of death and the
third-largest cause of death and disability combined in the
world”. Intracerebral hemorrhage (ICH) accounts for 14.5%
of strokes in Korea, and the 3-year mortality rate is the highest
among stroke types at 38.7%'®. The relationship between hos-
pital volume and patients’ outcomes is a particularly relevant
topic”. Recently, several studies have been conducted to inves-
tigate the relationships between various outcome indices, in-
cluding volume of admission and mortality'”. These studies
found that a large volume of admission is positively associated

with reduction of mortality and medical costs™"*”

. However,
previous studies have tended to focus on patients with sub-
arachnoid hemorrhage (SAH), whose treatments require a
highly sophisticated technique : craniotomy™. Therefore, the
existing literature has fundamental limitations in explaining
cases of hemorrhagic stroke, including acute stroke. Since
SAH patients are not representative of all hemorrhagic stroke
patients, studies specific to ICH are needed. This study aims
to investigate the association between hospital volume of ad-
mission and mortality in ICH patients, which has been rela-

tively neglected in the literature'”.

MATERIALS AND METHODS

The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Research Ethics
Committee of The Catholic University of Korea Uijeongbu St.
Mary’s Hospital (IRB number : UC23ZISE0023). This study
was performed under the joint project of the National Stroke
Quality Assessment Research with the National Health Insur-
ance Administration. The requirement for informed consent
was waived due to the retrospective nature of the study.

Since 2013, Acute Stroke Assessment Registry (ASAR) is de-
veloped to assess the quality of stroke care management in
South Korea. The ASAR is a nationwide database from 248
pre-selected hospitals collected nationwide prospectively to
evaluate the quality of medical services in nursing homes and
inform quality improvement. This registry is collected by in-
voices, questionnaires submitted to medical institutions, and
death data from the Ministry of Public Administration and
Security in March to May 2013, June to August 2014, June to
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December 2016, and June to December 2018. It is a registry
that evaluates the quality of health care services in nursing
homes and induces quality improvement by extracting patient
data once every 2 years. ASAR includes tertiary hospitals and
general hospitals nationwide with 10 or more acute stroke
hospitalizations during the evaluation period. The records
from ASAR can be linked with the Health Insurance Review
and Assessment Service (HIRA) database using an encrypted
personal identification number to determine survival out-
comes among ICH patients. Skilled medical staff at preselect-
ed hospitals are responsible for collecting detailed data from
patients visiting the emergency room for stroke, all of which
are encrypted and stored in the HIRA database. The reliability
of ASAR and HIRA data has been validated by previous stud-
ies of stroke patients'*"”. This study was conducted in partner-
ship with HIRA under the National Joint Registry Research
Project.

We collected data from the patient registries on all patients
=18 years with a national identity number who were admitted
to hospitals in Korea. ICH patients were defined as patients
with intracerebral hemorrhagic stroke as the primary disease
(International Classification of Disease, 10th version [ICD-10] :
161) and who were admitted emergency department within
days of the symptom onset. To rule out traumatic hemorrhag-
ic stroke, patients with traumatic injuries were excluded from
the study. To minimize possible confusion with multiple cases
from the same patient, we limited the data set to patients with
the first hemorrhagic stroke who were not hospitalized for
primary or secondary disease related to hemorrhagic stroke in
the past year. The type of surgery studied was limited to burr
hole, trephination, craniotomy, and craniectomy, which are
the main surgical techniques used to treat ICH (N0322,
N0323, N0324, N0333, S4621, S4622). We analyzed these se-
lected patients and tracked the data during the follow-up peri-
od. Patients included in this study were monitored until April
2021. The main outcome of this study was short-term mortal-
ity, evaluated at 3-month and 1-year timepoints; and long-
term mortality, evaluated at 2-year and 4-year timepoints after
onset of ICH. Mortality was identified based on ASAR data,
and records were linked between the ASAR data and HIRA
database using the previously described anonymized identifi-

cation codes.
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Study population

During the study period, which totaled 18 months, 10935
ICH patients were admitted to emergency departments. To
analyze and compare treatment effects, patients receiving
conservative treatment for ICH were excluded. In addition,
1849 patients were excluded due to unknown onset times.
Hospitals were placed in order from those with low volume of
admission to those with high volume of admission and were
divided into two groups according to the number of patients
admission to avoid intentional cut-off level bias. The cut-off
value of two groups—high-volume hospitals (=32 admissions
of ICH patients per year) and low-volume hospitals (<32 ad-
missions of [CH patients per year (Fig. 1).

The severity of patients was divided into two groups accord-
ing to the Glasgow coma scale (GCS) on admission : 1) mild
clinical status (GCS =10) and 2) severe clinical status (GCS =<
9)*". Patients were also stratified by economic status by using
the type of health insurance coverage : standard health insur-
ance and medical aid. Patients were divided into groups based
on smoking history : current smokers, ex-smokers, and non-
smokers. The Charlson comorbidity index (CCI) was divided
into four groups with using the ICD-10 code : CCI scores of 0,
1, 2, and =3. The use of emergency medical services (EMS)

before arrival at the hospital was collected. Patients’ onset-to-

10935 patients with ICH
(2013 to 2018)

1849 unknown onset time
(2013 to 2018)

Y

9086 patients with clear onset time
(201310 2018)

Hospital under and over annual
average 32 admission patients

(2013 to 2018)
2330 6756
Low-volume hospital High-volume hospital
(<32 admission of (=32 admission of
ICH patients per year) ICH patients per year)

Fig. 1. Flow chart of study population and patients included in linear
model of longitudinal changes in hospital volume. ICH : intracerebral
hemorrhage.
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door time and door-to-image time were also calculated. Func-
tional outcome at discharge was defined as good functional
outcome and poor functional outcome; the good functional
outcome was defined as 75 to 99 points on the Korean version
of modified Barthel index, modified Barthel index, or Barthel
index”; 90 or higher on Functional independence measure™;
2 or lower on the modified Rankin scale’ and patients with
Glasgow outcome scale 5. The mortality rate after admission
was determined at four timepoints : at within 3 months, 1

year, 2 years, and 4 years after onset.

Hospital costs

Data on hospital costs were collected from HIRA data, with
information concerning all direct medical costs for beds, staff,
surgeries, medications, rehabilitation, and other minor ex-
penses such as commissions. The total amount of claim care
benefit expenses and total amount of drug details of medical
institutions of those patients with main disease ICH was de-
fined as hospital cost. The cost was calculated on the Korean
Won (%) then converted to the United States dollar (USD; $)
using an exchange rate of $1 = ¥808 according to the ex-
change rate provided by the Purchasing Power Parities of 2022
from the OECD™.

Statistical analysis

We compared the difference between high- and low-volume
hospitals using the chi-squared test for categorical variables.
Descriptive data were expressed as numbers and percentages.
receiver operating characteristic (ROC) curve analysis with
Youden’s index was performed to calculate optimal cut-off
values for yearly admission of patients by hospitals™. The
Youden’s index (sensitivity + specificity — 1) was calculated
from the cut-off point of the number of patients admission.
We obtained the best cut-off point of the number of patients
admission at the largest Youden’s index'**”. We conducted
Kaplan-Meier survival estimates and the difference between
survival curves was tested using the log-rank test stratified by
matched sets. The hazard ratio (HR) of ICH associated with
the treatment method and 95% confidence intervals (CIs)
were estimated by using Cox proportional hazard models. Po-
tential confounding factors were adjusted in the Cox regres-
sion analysis. Data analysis was performed with using SAS
version 9.3 (SAS Institute Inc., Cary, NC, USA). A two-sided

test with p<0.05 was considered statistically significant.



RESULTS

Baseline characteristics

The baseline characteristics of ICH patients who were hos-
pitalized during the tracking period were demonstrated in Ta-
ble 1. A total of 9086 patients were treated during 18-month
period. The 5167 patients (56.87%) were aged over 60 years old

Table 1. Baseline characteristics of 9086 intracerebral hemorrhage patients
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and 5086 patients (55.98%) were male. The 2271 patients
(25.819%) had severe clinical status on admission. The 4558 pa-
tients (92.27%) had health insurance, and 382 patients (7.73%)
had medical aid. The 6431 patients (70.78%) were admitted
within 4.5 hours after symptom onset. The 6747 patients
(74.36%) arrived at the hospital via EMS. The 7216 patients

(93.22%) were scanned computed tomography or magnetic

Variable Total Low volume hospital High volume hospital p-value
Total number of patients 9086 (100.00) 2330 (25.64) 6756 (74.36)
Total number of hospitals 263 (100.00) 185 (70.34) 78 (29.66)
Age
18-45 years 1050 (11.55) 240 (10.30) 810 (11.99) <0.001*
46-59 years 2869 (31.58) 672 (28.84) 97 (32.52)
60-69 years 1880 (20.69) 474(20.34) 1406 (20.81)
>70 years 3287 (36.18) 944 (40.52) 2343 (34.68)
Gender
Male 5086 (55.98) 1268 (54.42) 3818 (56.51) 0.079
Female 4000 (44.02) 1062 (45.58) 2938 (43.49)
Health insurance type
Health insurance 4558 (92.27) 1216 (90.68) 3342 (92.86) 0.011*
Medical aid 382 (773) 125(9.32) 257 (7.14)
GCS score
13-15 5528 (62.82) 1287 (60.48) 4241 (63.56) 0.008
9-12 1404 (15.95) 340 (15.98) 1064 (15.95)
0-8 1868 (21.23) 501 (23.54) 1367 (20.49)
Severity
Mild 6529 (74.19) 1524 (71.62) 5005 (75.01) 0.002%
Severe 2271 (25.81) 604 (28.38) 1667 (24.99)
Medical history
Smoker
Current smoker 1052 (19.59) 247 (19.30) 805 (19.68) 0.395
Ex-smoker 418 (7.78) 111 (8.67) 307 (7.51)
Non-smoker 3900 (72.63) 922 (72.03) 2978 (72.81)
CCl'score
0 1737 (19.12) 6 (17.85) 1321 (19.55) 0187
1 1413 (15.55) 370 (15.88) 1043 (15.44)
2 1548 (17.04) 421 (18.07) 1127 (16.68)
>3 4388 (48.29) 1123 (48.20) 3265 (48.33)
Arrival mode
EMS 6747 (74.36) 1680 (72.51) 5067 (75.00) 0.018*
No EMS 2326 (25.64) 637 (2749) 1689 (25.00)
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Table 1. Continued

Variable Total Low volume hospital High volume hospital p-value

Onset to door time

<4.5 hours 6431 (70.78) 1654 (70.99) 4777 (70.71) 0.798
>4.5 hours 2655 (29.22) 676 (29.01) 1979 (29.29)

Facility type
Tertiary hospital 4090 (45.01) 143 (6.14) 3947 (58.42) <0.001%
General hospital 4996 (54.99) 2187 (93.86) 2809 (41.58)

Door to image time
<1 hour 7216 (93.22) 1814 (93.65) 5402 (93.07) 0.383
>1 hour 525 (6.78) 123 (6.35) 402 (6.93)

Stroke unit
Yes 5322 (58.57) 664 (28.50) 4658 (68.95) <0.001
No 3764 (41.43) 1666 (71.50) 2098 (31.05)

Surgery type
No surgery 8083 (88.96) 2074 (89.01) 6009 (88.94) 0926
Surgery 1003 (11.04) 256 (10.99) 747 (11.06)

Functional outcome at discharge
Good outcome 3379 (37.83) 1538 (68.29) 4014 (60.10) <0.001
Poor outcome 5552 (62.17) 714 (31.71) 2665 (39.90)

mRS (52.60%)
0 389 (8.14) 78 (7.25) 11 (8.40) 0.012*
1 53 (24.13) 257 (23.88) 896 (24.20)
2 755 (15.80) 58 (14.68) 597 (16.12)
3 579 (12.12) 126 (11.71) 453 (12.23)
4 966 (20.21) 211 (19.62) 755 (20.39)
5 620 (12.97) 148 (13.75) 472 (12.75)
6 317 (6.63) 98 (9.11) 219 (5.91)

GOS (20.04%)
1 79 (9.83) 32 (10.16) 47 (9.76) 0.002*
2 123 (6.75) 28 (8.89) 95 (6.31)
3 356 (19.55) 78 (24.76) 278 (18.46)
4 477 (26.19) 87 (27.62) 390 (25.90)
5 686 (37.68) 90 (28.57) 596 (39.57)

Number of deaths
3-month (2013, 2014, 2016, 2018) 1658 (18.25) 490 (21.03) 1168 (17.29) <0.001%
T-year (2013, 2014, 2016, 2018) 69 (23.87) 624 (26.78) 1545 (22.87) <0.001*
2-year (2013, 2014, 2016, 2018) 2533 (27.88) 739 (31.72) 1794 (26.55) <0.001*
4-year (2013, 2014, 2016; n=5607) 2004 (35.74) 600 (41.64) 1404 (33.70) <0.001*

Values are presented as number (%). Mild severity = NIHSS <15, GCS >10; severe severity = NIHSS >16, GCS <9. Good outcome : K-MBI (75-99), MBI
(75-99), BI (75-99), mRS (0-2), FIM (90-126), GOS (5). Patients who had no record of functional outcome at discharge were excluded. mRS was used
in 52.6%, and GOS was 20.4%. *p<0.05 significance. GCS : Glasgow coma scale, CCl : Charlson comorbidity index, EMS : emergency medical services, mRS :
modified Rankin scale, GOS : Glasgow outcome scale, NIHSS : National Institutes of Health Stroke Scale, K-MBI : Korean version of modified Barthel
index, MBI : modified Barthel index, Bl : Barthel index, FIM : Functional independence measure
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resonance image within 1 hour after admission to the emer-
gency department. The 4090 patients (45.01%) were treated in
tertiary hospitals, and 4996 patients (54.99%) were treated in
general hospitals. The 1003 patients (11.04%) underwent sur-
gery, while 8083 patients (88.96%) did not undergo surgery.
The 5552 patients (62.17%) were discharged with good func-
tional outcomes, while 3379 patients (37.83%) were discharged

with poor functional outcomes.

Mortality of ICH patients

The 3-month, 1-year, 2-year, and 4-year mortality of ICH
patients were 18.25% (1658 patients), 23.87% (2169 patients),
27.88% (2533 patients), and 35.74% (2004 patients), respective-
ly.

Kaplan-Meier survival analysis was performed to determine
the survival rate according to the hospital volume or treat-
ment method in ICH patients who underwent surgery. Pa-
tients who underwent surgery had a significantly higher sur-
vival rate than patients who did not undergo surgery (log-rank
test, p<0.001; Fig. 2A). Patients with severe clinical status had
a significantly lower survival rates than patients with mild
clinical status (log-rank test, p<0.001; Fig. 2B). In both mild
and severe clinical status, patients who underwent surgery had
a significantly higher survival rates than patients who did not
undergo surgery (log-rank test, p<0.001; Fig. 2C and D). Older
aged patients had a significantly lower survival rates than
younger aged patients when comparing patients groups who
were aged 18—45, 46-59, 60—69, and over 70 (log-rank test,
P<0.001; Fig. 2E). There was no statistically significant differ-
ence in survival rate between male and female patients (log-
rank test, p=0.172; Fig. 2F).

Baseline characteristics by medical facility type
From our study of 263 hospitals, thirty percent of hospitals
(78 hospitals) were high-volume hospitals, and 70% of hospi-
tals (185 hospitals) were low-volume hospitals. Seventy-four
percent of ICH patients (6756 patients) were admitted to high-
volume hospitals and 26% of ICH patients (2330 patients)
were admitted to low-volume hospitals. Eleven percent of pa-
tients (747/6756) underwent surgery in high-volume hospitals,
and 11% of patients (256/2330) underwent surgery in low-vol-
ume hospitals. There was no significant difference in the pro-
portion of patients who underwent surgery and those that did

not undergo surgery between the two hospital volume groups
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(p=0.926). There was also no significant difference between
the high-volume group and the low-volume group for onset-
to-door time (p=0.798). The number of patients over 70 years
of age was higher in low-volume hospitals (n=944; 40.5%)
than that in high-volume hospitals (n=2343; 34.7%) (p<0.001).
The number of patients with severe clinical status was higher
in low-volume hospitals (n=604; 28.4%) than high-volume
hospitals (n=1667; 25.0%) (p=0.002). The distribution of sex
ratio, CCI between high-volume hospitals and low-volume
hospitals did not differ significantly (p>0.05).

Mortality according to medical facility type

The result in univariate analysis showed that ICH patients
in high-volume hospitals had significantly lower short- and
long-term mortality than those of low-volume hospitals
(p<0.05). When comparing low-volume hospitals and high-
volume hospitals, mortality at all timepoints was significantly
lower in the high-volume hospitals, for 3-month mortality
(21.0% vs. 17.3%), 1-year mortality (26.8% vs. 22.9%), 2-year
mortality (31.7% vs. 26.6%), and 4-year mortality (41.6% vs.
33.7%) (p<0.05).

In Kaplan-Meier survival analysis, high-volume hospitals
had significantly higher survival rates compared to low-vol-
ume hospitals when compared for all patients (log-rank test,
p<0.001; Fig. 3A). Patients who underwent surgery in the high-
volume hospitals had a significantly higher survival rates than
low-volume hospitals (log-rank test, p=0.017; Fig. 3B). Patients
who did not undergo surgery in high-volume hospitals had a
significantly higher survival rates than patients in low-volume
hospitals (log-rank test, p<0.001; Fig. 3C). For patients with
mild clinical status, the high-volume hospitals had a signifi-
cantly higher survival rate than low-volume (log-rank test,
Pp=0.0084; Fig. 3D). Also, for patients with severe clinical sta-
tus, high-volume hospitals had a significantly higher survival
rate than low-volume hospitals (log-rank test, p=0.015; Fig.
3E).

Multivariate logistic regression of functional
outcome at discharge

Logistic regression analysis was performed with the vari-
ables corrected since the patient’s poor outcome at discharge
differed by hospital volume, and the distribution according to
the patient’s baseline characteristics was also significantly dif-

ferent. The results of multivariate logistic analysis are dis-
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played in Table 2. After adjusting for all covariates in the
model, including the severity of ICH and whether surgery was
performed or not, high-volume hospitals were associated with
lower odds for poor outcomes at discharge compared with the
low-volume hospitals (odds ratio [OR], 0.81; 95% CI, 0.72—
0.91; p<0.001). Surgery for ICH was strongly associated with
poor outcomes at discharge compared with non-surgery (OR,
2.31; 95% CI, 1.90-2.81; p<0.001). Patients with severe clinical

status were associated with poor outcome at discharge com-

Table 2. Multivariate logistic analysis outcome of poor outcome at
discharge

Poor outcome at discharge

OR (95% ClI) p-value
Medical facility type
Low-volume hospital 1.0
High-volume hospital 0.81(0.72-0.97)* <0.001
Surgery type
No surgery 1.0
Surgery 2.31(1.90-2.81)* <0.001
Severity
Mild 1.0
Severe 8.50 (7.20-10.02)* <0.001
Age
18-45 years 1.0
46-59 years 1.08 (0.91-1.28) 0.386
60-69 years 1.28 (1.07-1.53)* 0.007
>70 years 2.24 (1.89-2.66)* <0.001
Gender
Male 1.0
Female 1.01 (091-1.12) 0.893
Arrival mode
EMS 1.0
No EMS 040 (0.36-0.45)* <0.001
Medical history
CCl'score
0 1.0
1 1.09 (0.92-1.29) 0.325
2 1.56 (1.33-1.83)* <0.001
>3 2.84(248-3.25)* <0.001

Mild severity = NIHSS <15, GCS >10; severe severity = NIHSS >16, GCS
<9. *p<0.05 significance. OR : odds ratio, Cl : confidence interval, EMS :
emergency medical services, CCl : Charlson comorbidity index, NIHSS :
National Institutes of Health Stroke Scale, GCS : Glasgow coma scale
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pared with mild clinical status (OR, 8.50; 95% CI, 7.20-10.02;
p<0.001). Patients aged over 70 was associated with OR for
poor outcome at discharge compared with patients aged be-
tween 18 and 45 (OR, 2.24; 95% CI, 1.89-2.66; p<0.001). Sex
difference was not associated with poor outcome at discharge
(OR, 1.01; 95% CI, 0.91-1.12; p=0.893). Patients who arrived
hospital without EMS was associated with poor outcome at
discharge compared with patients with EMS (OR, 0.40; 95%
CI, 0.36—0.45; p<0.001). Patients with CCI over 3 were associ-
ated with poor outcomes at discharge compared with CCI 0
(OR, 2.84; 95% CI, 2.48-3.25; p<0.001).

Cox analysis of death of ICH patients
Supplementary Table 1 shows results from Cox analysis of
ICH patient mortality during short- and long-term follow-up.
High-volume hospitals had significantly lower 3-month (HR,
0.90; 95% CI, 0.83—0.98; p=0.0121), 1-year (HR, 0.89; 95% CI,
0.82-0.97; p=0.0046), and 4-year mortality (HR, 0.89; 95% CI,
0.81-0.98; p=0.0181) than low-volume hospitals. High-volume
hospitals had lower 3-month mortality than low-volume hos-
pitals. However, difference was not statistically significant
(HR, 0.97; 95% CI, 0.89—-1.05; p=0.3754). Patients who under-
went surgery had significantly higher 3-month (HR, 1.30; 95%
CI, 1.18-1.42; p<0.0001), 1-year (HR, 1.49; 95% CI, 1.36-1.63;
p<0.0001), 2-year (HR, 1.61; 95% ClI, 1.47-1.77; p<0.0001), and
4-year (HR, 1.59; 95% CI, 1.42-1.78; p<0.0001) mortality
compared with patients who did not undergo surgery. Patients
aged over 70 had significantly higher 3-month (HR, 3.33; 95%
CI, 2.81-3.96), 1-year (HR, 2.33; 95% CI, 1.96-2.77), 2-year
(HR, 1.67; 95% CI, 1.41-1.99) mortality rate than patients aged
between 18 and 45. Female had significantly lower 3-month
(HR, 0.83; 95% ClI, 0.78—0.90; p<0.0001), 1-year (HR, 0.89;
95% CI, 0.83—0.96; p=0.0025) mortality rate than male. Pa-
tients who did not arrive at the hospital through EMS had
lower 3-month (HR, 0.81; 95% CI, 0.73-0.90; p<0.0001),
l-year (HR, 0.85; 95% CI, 0.77—0.94; p=0.0017), 2-year (HR,
0.85; 95% CI, 0.77-0.94; p=0.0011), and 4-year (HR, 0.86; 95%
CI, 0.77-0.97; p=0.0142) mortality than patients who arrived
at the hospital through EMS. CCI difference did not show sig-
nificant statistical differences at the 3-month follow-up. How-
ever, patients with CCI over 3 had significantly lower 1-year
(HR, 0.68; 95% CI, 0.61-0.75; p<0.0001), 2-year (HR, 0.67;
95% CI, 0.61-0.74; p<0.0001), and 4-year (HR, 0.62; 95% CI,
0.55-0.70; p<0.0001) mortality than patients with a CCI of 0.
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Cox analysis of death according to patients’
severity

We performed Cox analysis according to the severity of
clinical status (Table 3). In Cox analysis of death for patients
with mild clinical status, high-volume hospitals had a signifi-
cantly lower l-year mortality than low-volume hospitals.
However, there was no statistical difference in 3-month,
2-year, and 4-year mortality between high-volume and low-
volume hospitals in mild clinical status (p>0.05). Patients who
underwent surgery had significantly higher mortality than
patients who did not get surgery during short- and long-term
follow-up (p<0.05). Very old age (=70 years) had significantly
higher short- and long-term mortality than patients aged 18—
45 (p<0.05). Females had significantly lower mortality than
males during both short- and long-term follow-up. Patients
who did not arrive at the hospital via EMS had lower 3-month,
l-year, and 2-year mortality than patients who arrived at the
hospital via EMS (p<0.05).

In severe clinical status, high-volume hospitals had signifi-
cantly lower mortality for short- and long-term follow-up
(p<0.05). Very old age patients (=70 years old) had a signifi-
cantly higher 3-month, 4-year mortality than patients aged
18—45 (p<0.05). However, the difference was not statistically
significant in 1-year and 2-year (p>0.05). Females had signifi-
cantly lower 3-month mortality than males. However, there
was no statistical difference in 1-year, 2-year, and 4-year mor-
tality in sex difference (p>0.05). There was no statistical dif-
ference in the use of EMS during short- and long-term follow-
up (p>0.05).

Hospital costs of ICH patients

Supplementary Table 2 shows the hospital cost by hospital
volume and surgical treatment of ICH patients. The cost was
presented as meantstandard deviation. The total hospital cost
was $10650.01+$16713.25 (range, $560.93—$333688.04). Total
hospital cost was higher in high-volume hospitals compared
with low-volume hospitals ($9798.82£$16259.93 vs. $10967.41
+$16870.39; p=0.0288).

As a result of cost analysis according to surgery, total hospital
cost was higher in patients underwent surgery compared with
patients who did not undergo surgery ($18587.50£$20239.47 vs.
$8628.35+$15036.66; p<0.001).
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DISCUSSION

The 3-month, 1-year, 2-year, and 4-year mortality rates for
Korean ICH patients were each 18.25%, 23.87%, 27.88%, and
35.74%, respectively, which was lower than the previous study
showing the 1-year mortality rate of 53% in Kentucky”. In this
Korean study, 58.6% of patients arrived at the hospital within
4.5 hours after symptom onset, which is significantly higher
than in the Netherlands, where 28—44% of patients arrived
within 4.5 hours”. In Korea, patients have the freedom to go
to any doctor or any medical institution, including general
hospitals. In a previous research investigating medical accessi-
bility in Korea, 61% of all patients resided within 30 minutes
from the hospital, 78% resided within 60 minutes, and 92%
resided within 120 minutes”. As medical accessibility in Ko-
rea is well-known, the distribution of 263 hospitals nationwide
was typically evenly distributed. And because national insur-
ance coverage was relatively high, emergency patients can re-
ceive timely treatment at hospitals™.

We calculated the optimal cut-off value of inpatients for
hospital classification through ROC curve analysis. ROC
curve analysis is used to evaluate the usefulness of diagnostic/
test tools or compare their discriminability with other tools.
Youden index is one of the methods to find the cut-off point

10,25, .
) and is used as a

with the highest score on the ROC curve
method to find the optimal threshold value when conducting
research according to hospital volume™. Sensitivity, specifici-
ty, and Youden’s index through ROC curve analysis were the
highest when the number of annual admission of patients was
32. Therefore, the cutoff value for classifying high-volume
hospitals and low-volume hospitals was selected as the annual
admission of 32 patients.

Mortality rates of ICH patients were separately investigated
in high-volume hospitals and low-volume hospitals at
3-month, 1-year, 2-year, and 4-year timepoints. We found that
at all timepoints—3-month, 1-year, 2-year, and 4-year—mor-
tality was significantly lower in high-volume hospitals
(p<0.05). Like acute ischemic stroke and SAH, ICH also
showed lower mortality in high-volume hospitals*"*?. Previ-
ous studies about acute ischemic stroke and SAH have report-
ed that medical facilities, including stroke units and skilled
neurosurgeons, are important for patient functional outcomes

11,14,21

or hospital mortality'"'**". Another study investigating stroke

treatment in Korea showed that higher admission number of



patients was associated with better quality of stroke treatment,
and that inpatient count is also associated with quality of
care'”. Although there are limited studies investigating the re-
lationship between hospital volume and mortality in ICH, our
study has demonstrated that high-volume hospitals are more
likely to lead to positive outcomes.

In baseline characteristics, the proportion of poor function-
al outcomes at discharge was higher in high-volume hospitals
than low-volume hospitals (39.90% vs. 31.71%). However, in
logistic regression analysis that corrected confounding factors,
high-volume had lower OR of poor outcome at discharge than
low-volume hospitals (OR, 0.80; 95% CI, 0.72—0.91). Patients
who treated at high-volume hospitals had better outcomes
and this contributed to the lower mortality rates at high-vol-
ume hospitals. Patients with poor functional outcomes in ear-
ly ICH have higher probability of complications, which is
thought to result in high long-term mortality™”.

The general theory for the differences in mortality with re-
spect to hospital volume—practice-makes-perfect theory and
selective-referral pattern theory—are constantly discussed””.
Some theories say that treatment outcomes improve as the
skills of surgeons and other assistants improve by performing
numerous surgeries””. Other theories suggest that skilled sur-
geons and hospitals with better outcomes attract more pa-

** We found that the mortality rate was lower in high-

tients
volume hospitals, which have many specialists, such as
neurosurgeons, neurologist units, and stroke units, that at-
tract patients. By practice-makes-perfect theory, surgeons in
high-volume hospitals can also improve their surgical tech-
niques. In addition, the proportion of stroke units and tertiary
hospital was significantly higher in high-volume hospitals
compared to low-volume hospitals. In the current study, 4658
patients (68.95%) were treated in high-volume hospitals that
included a stroke unit, and 664 patients (28.50%) were treated
in low-volume hospitals that included a stroke unit. Also, 3947
patients (58.42%) were treated in high-volume hospital which
were tertiary hospital, and 143 patients (6.14%) were treated in
low-volume hospital which were tertiary hospital (p<0.001).
As in previous studies, where treatment in stroke units was as-
sociated with better functional outcomes and lower mortality
compared to non-specialized intensive care units and normal
wards, mortality rates were lower in high-volume hospitals
with a higher proportion of stroke units™. The difference in

patient prognosis in high-volume hospitals and low-volume
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hospitals can also be explained by staffing levels. In a research
that analyzed medical personnel of hospital in Korea’s Medi-
cal Care Institution Database, the number of beds and num-
ber of nursing assistants per beds in tertiary hospitals was
higher than that in general hospitals”. In this study, the pro-
portion of hospitals with more than 500 beds was 95.2% in
tertiary hospitals and 16.6% in general hospitals. Also, the
number of trainees (interns and residents) was higher in ter-
tiary hospitals than general hospitals (22.3+5.6 vs. 4.1+5.2).
Furthermore, in a study investigating the relationship between
medical staff and patient outcomes, the proportion of hospital
personnel was significantly associated with in-hospital mor-
tality””. Differences in medical environment between high-
volume hospitals and low-volume hospitals influenced the
differences in patient prognosis.

Low-volume hospitals also had a higher proportion of pa-
tients with severe clinical status and elder patients than high-
volume hospitals. This may be the result of getting patients
with less chance of recovery to be treated in closer hospitals,
or it may be because patients often prefer to be treated in
smaller hospitals closer to home. A study in the USA also
found that elderly people over the age of 65 often preferred to
be treated at home rather than in a hospital for treatment of
acute illness, and this tendency may have emerged in low-vol-
ume hospitals”. Given that the proportion of stroke units
(68.95% vs. 28.50%) and tertiary hospitals (58.42% vs. 6.14%)
were higher in high-volume hospitals, this may have also had
an effect on the difference in mortality rate. Cox analysis was
performed to correct for the factors acting as confounding
variables. In the Cox analysis of mortality, high-volume hos-
pitals had significantly lower 3-month, 1-year, and 4-year
mortality (p<0.05). We linked clinical data to adjust for sever-
ity as a confounding factor, as treatment for severe clinical
status patients is more difficult”. Cox analysis for mild clinical
status patients only showed difference in 1-year mortality by
hospital volume, but for severe clinical status patients, high-
volume hospitals showed significantly lower 3-month, 1-year,
2-year, and 4-year mortality compared to low-volume hospi-
tals. Our analyses also showed that the difference in the vol-
ume of patient admission was not significantly associated with
mortality in patients with mild clinical status, while the in-
creased volume of admission significantly lowered mortality
in severe clinical status patients. This effect may be a result of

better treatment of severe clinical status patients in high-vol-
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ume hospitals, where there are more neurosurgeons and neu-
rologists.

A previous study estimating the cost-effectiveness of trans-
ferring patients with ICH from a small hospital without stroke
care units to a larger hospital with stroke care units showed
that there was no significant difference in medical cost be-
tween high-volume hospitals and low-volume hospitals”.
However, in our study, we found that in Korea, high-volume
hospitals had significantly higher medical costs than low-vol-
ume hospitals. These results may reflect the characteristics of
Korean medical system and infrastructure. The difference be-
tween skilled surgeons and assistants in the stroke care facility
may be one factor driving the difference in cost. In addition,
larger hospitals may have more diagnostic tests and prescribed
medications per patient, which can increase costs.

Length of hospital stay was different between high-volume
hospital and low-volume hospital. Length of hospital stay on
high-volume hospital was shorter than that on low-volume
hospital (9£2 vs. 15+4; p<0.05). Shorter length of hospital stay
on high-volume hospital means that high-volume hospital
had ICH patients with a poorer neurological status.

Despite we used nationwide data to overcome the limitation
of previous studies, our study has a few limitations. First, the
result of the imaging tests could not be confirmed, so loca-
tion, volume of hemorrhage, and risk of impending cerebral
injury could not be included in our data. The results of imag-
ing tests are important factors in determining patient severity
for accurate and fast diagnosis and treatment of ICH". In this
study, GCS, a tool for reflecting clinical severity that can be
obtained from HIRA data, were used to divide patients by se-
verity. Since analyses of imaging test results are more precise
than GCS, a follow-up study using the results from image
analysis is needed. Second, there is insufficient reference re-
search regarding the division of hospitals into high-volume
and low-volume hospitals. In our study, we conducted the
analysis by ROC curve analysis based on tertiary hospitals and
general hospitals. However, the criteria for classifying hospital
volumes according to inpatients are not clear. Thus, a stan-
dardized approach for creating the two groups is necessary.

Our study analyzed the mortality rates within 3 months, 1
year, 2 years, and 4 years after admission in ICH patients in
relation to the volume of admission. Mortality was signifi-
cantly lower among patients who were treated in high-volume

hospitals. In mild clinical status, the data only showed signifi-
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cant differences in l-year mortality, but the differences in
mortality for patients with severe clinical status were statisti-
cally significant in 3-month, 1-year, 2-year, and 4-year mortal-
ity. Although this study was limited to South Korea, it is
meaningful in that it partially addresses the shortcomings of
previous studies by analyzing a unified nationwide database

and examining ICH patients.

CONCLUSION

This study has provided a national perspective on ICH pa-
tient mortality after hospitalization according to hospital vol-
ume in South Korea. Based on our national database study, it
can be inferred that ICH should be treated by experienced
neurosurgeons in hospitals with better facilities. Our results
showed that ICH patients who were admitted to high-volume
hospitals had significantly lower mortality rates than patients
who were admitted to low-volume hospitals. In particular, we
found that for patients who exhibited severe clinical ICH sta-
tus, the difference in poor outcome at discharge, short-, and
long-term mortality between low- and high-volume hospitals

was statistically significant.
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