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Abstract
Objectives: The study objective was to identify the factors that influence the
length of stay (LOS) in hospital for stroke patients and to provide data for
managing hospital costs by managing the LOS.
Methods: This study used data from the Discharge Injury Survey of the Korea
Centers for Disease Control and Prevention, which included 17,364 cases from
2005 to 2008.
Result: The LOS for stroke, cerebral infarction, intracerebral hemorrhage, and
subarachnoid hemorrhage was 18.6, 15.0, 28.9, and 25.3 days, respectively.
Patients who underwent surgery had longer LOS. When patients were divided
based on whether they had surgery, there was a 2.4-time difference in the LOS
for patients with subarachnoid hemorrhage, 2.0-time difference for patients
with cerebral infarction, and 1.4-time difference for patients with intracerebral
hemorrhage. The emergency route of admission and other diagnosis increased
LOS, whereas hypertension and diabetic mellitus reduced LOS.
Conclusion: In the present rapidly changing hospital environments, hospitals
approach an efficient policy for LOS, to maintain their revenues and quality of
assessment. If LOS is used as the indicator of treatment expenses, there is a need
to tackle factors that influence the LOS of stroke patients for each disease group
who are divided based on whether surgery is performed or not for the proper
management of the LOS.
1. Introduction

According to the Korean Death Statistics 2011 data,

cerebrovascular diseases were responsible for 5.07

deaths per 10,000 people in Korea, making them the
ted under the terms of the C
0) which permits unrestrict
roperly cited.

ase Control and Prevention
second leading cause of death after malignant neoplasms

[1]. In addition, based on morbidity rate, cerebral

infarction [International Classification of Diseases 10th

Revision (ICD-10) code I63] is sixth on the list of

leading medical expenditures. A majority of patients in
reative Commons Attribution Non-Commercial License (http://
ed non-commercial use, distribution, and reproduction in any
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Korea over the age of 65 receiving treatment for geri-

atric diseases are treated for cerebrovascular diseases,

and the number of such patients in the 40e50-year age

group is increasing [2].

Although it does not necessarily result in death,

stroke leaves a patient with severe neurological damage

and its treatment and rehabilitation are cost intensive

[3]. According to an analysis of the 2009 health insur-

ance data, cerebral infarction in men was the first on the

list of high-cost diseases that required more than US$

3000 for treatment (excluding noncovered fees); in

women, it was third on the list. Cerebral infarction is the

number one disease in patients over the age of 80 [4]. Of

the total medical expenses in the 1-year period begin-

ning from the day of disease incidence, 59% is related to

hospital stay and 13% to outpatient care [5]. The length

of stay (LOS) is the major determinant of the portion of

treatment expenses to be met by patients [6,7]. There-

fore, management of the LOS is an important factor in

managing the financial obligations of the patient, hos-

pital operating costs, and health-care management.

Since 2000, medical expenses for stroke have been

growing more rapidly than medical expenses in general,

comprising a major share of the total treatment costs [3].

When paying for hospital stay, the number of days spent

in the hospital is the proxy indicator, accounting for

43% of the treatment cost and 70% of the average cost

of initial hospitalization [8]. Accordingly, managing the

number of hospitalization days for patients with stroke is

a very important factor in managing the overall hospi-

talization expenses [9].

According to a study on the medical care coverage data

by the Health Insurance Review and Assessment Service,

the longest duration in the average number of hospitali-

zation days was for cerebral infarction (I63), increasing

from 19.8 days in 2005 to 21.4 days in 2008. Intracerebral

hemorrhage (I61) demonstrated the greatest variation in

the LOS in high-level general hospitals, general hospitals,

and hospitals, followed by cerebral infarction (I63) in

general hospitals [10]. A study that used data during the

same period reported that the LOS increased with an in-

crease in the number of patients with stroke, and the cost

per hospitalization considerably increased [3]. However,

there is no clear differentiation between hospitals that

address acute conditions and hospitals for long-term

treatment, long-term convalescent hospitals, and rehabil-

itation facilities. Therefore, when the acute phase is over,

patients continue their treatment in general hospital rooms

[5]. A study evaluating the appropriateness of hospitali-

zation for stroke patients revealed that as the period of

hospital stay increases, hospitalization becomes less

appropriate [11].

In many countries, various methods for using medical

expenses effectively with limited resources are sought

[12]. One of them is the change in the treatment-cost

reimbursement system: from fee for service (FFS) to

the diagnosis-related group (DRG). The FFS system
may encourage offering of unnecessary services, and as

a result, the cost per patient increases; by contrast, DRG

leads to a decrease in the intensity of treatment service.

One of the indicators of treatment service intensity is the

number of hospitalization days [12]. Under the FFS

system, the hospital can increase the number of hospi-

talization days to maximize revenue from treatment, but

under the DRG system, hospitals seek to maintain

quality in treatment by shortening the LOS. When

setting priorities for management policies relating to the

LOS, the order of priority depends on whether the dis-

ease belongs to medical diseases or surgical diseases

[10,13]. Medical patients exhibit a wide range of vari-

ation even for the same disease, whereas surgical pa-

tients have a narrower range, which allows for effective

selection of policy and differentiation. Accordingly,

studies on factors that influence the number of hospi-

talization days, by classifying patients based on disease

and the necessity of surgery, can offer detailed data to

aid in defining the priority order for policies on the

management of LOS.

The increasing LOS for patients with stroke, a typical

disease with an increasing incidence rate given the aging

tendency of the population, increases the burden of

treatment expenses for patients, influences the rotation

of sickbeds in the hospital, and results in the loss of

profit from treatment; in clinical terms, it is also asso-

ciated with a higher possibility of occurrence of adverse

effects [9,14e16]. Accordingly, this study is significant

because it provides basic data for rational management

of the LOS that are profitable for patients, service pro-

viders, and the state.

The study objective was to identify the factors that

influence the LOS of stroke patients and to provide data

for managing hospital costs by managing the LOS. To

achieve this goal, the characteristics of the LOS for

stroke patients were investigated and the related factors

that influence the LOS of stroke patients were analyzed

depending on whether they undergo surgery.
2. Methods

2.1. Patients
According to the World Health Organization, stroke is

defined as “a focal (or at times global) neurological

impairment of sudden onset, and lasting more than 24

hours (or leading to death) and of presumed vascular

origin” [17]. With respect to the cause of death, cerebro-

vascular diseases are diseases that suddenly occur due to

abnormalities in the blood vessels in the brain, whereby

brain function is impeded, resulting in collapse.Depending

on the form of occurrence, they are divided into two types,

namely: (1) hemorrhagic diseases that occur when part of

the intracranial blood vessel is damaged; and (2) ischemic

diseases that occur when blood flow in the blood vessel

deteriorates or is blocked [1].
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This study targeted 700,056 cases based on the sys-

tem data from the Korean National Hospital Discharge

In-Depth Injury Survey by the Korea Centers for Dis-

ease Control and Prevention during the period from

2005 to 2008. Patients who had stroke as defined in the

ICD-10 diagnosis code were included [3,12]. Of the

total 17,871 hospitalized patients who received treat-

ment for major diseases such as cerebral infarction

(G46, I63, I67, I68, and I69), intracerebral hemorrhage

(I61 and I62), and subarachnoid hemorrhage (I60),

17,364 were included as patients in this study; we

excluded 207 patients who were on long-term hospital-

ization (Table 1).

2.2. Definition of variables
2.2.1. Independent variables
2.2.1.1. Sociodemographic characteristics

To compare the sociodemographic characteristics of

stroke patients in general and each disease in particular,

including cerebral infarction, intracerebral hemorrhage,

and subarachnoid hemorrhage, the gender, age, area of

residence, and type of insurance were identified. Patients

were divided by gender (male and female), age at the

time of admission, area of residence (same area as the

medical institution or other areas), and type of insurance

[National Health Insurance (NHI), medical aid, and

others, i.e., industrial accident compensation insurance,

car insurance, unreported claims].

2.2.1.2. Clinical characteristics

Clinical characteristics are factors related to medi-

cal treatment received by the patient and include the

admission route, result of treatment, disposition upon

discharge, other diagnoses and the number thereof, the

presence of risk factors, whether surgery is performed,

and the number of hospitalization days before surgery.

On the basis of the admission route, the patients were

divided into those who were admitted to the medical

institution through the outpatient department or

through the emergency room. On the basis of the

treatment result, the patients were divided based on

whether their state had improved at discharge: “for

diagnosis only,” “not treated,” “other,” and “uniden-

tified” cases were classified as “survival,” and

“hopeless” and “death” cases were classified as

“death.” By disposition upon discharge, that is, the

phase following discharge upon completion of treat-

ment, the patients were classified as “return to home”

for “discharge to home,” “escape,” “discharge by

death,” and “unidentified” cases. If patients were

transferred to a different hospital or to the referral

hospital, they were classified as “transfer to another

hospital.” The number of other diagnoses was calcu-

lated by counting the number of diagnoses of a patient

excluding the main diagnosis.

Hypertension, history of smoking, hypercholesterole-

mia, obesity, drinking, diabetes, and family history are
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known risk factors for stroke [3,12,18e23]. Among them,

hypertension (essential hypertension and other hyperten-

sive diseases, 145, 146; I10, I11eI15 of Class 298) and

diabetes (104; E10eE14 of Class 298), classifiable under

the ICD-10 codes, were selected as comorbid diseases that

are risk factors for stroke. The classification included

“absence of risk factors,” “hypertension,” “diabetes,” and

“hypertension and diabetes.”

Surgery was classified as “performed” in cases in

which there was a recorded day of a main operation that

was performed clearly for treatment purposes and not

for diagnostic or exploratory purposes or to treat com-

plications (the Organization for Economic Cooperation

and Development also classifies medical and surgical

categories based on whether surgery is performed). The

length of preoperative inpatient stay was calculated by

counting the number of days that passed between

admission and main surgery, counting both the admis-

sion and discharge days.
2.2.1.3. Characteristics of the medical institution and

other characteristics

For health-care facilities, the number of beds was

used as a variable, classifying facilities as those with

100e299, 300e499, 500e999, and over 1000 beds.

The changes in treatment conditions following the

change by year in the period between 2005 and 2008

were measured. Variables were coded as shown in

Table 2.
Table 2. Variables

Variation

I. Independent Variable

1. Personal characteristics

Sex 0. Male 1. Fe

Age Patient’s age

Area 0. Same 1. O

Payment 0. NHI 1. M

2. Clinical characteristics

Admission route 0. Outpatient department

Result 0. Recover 1. D

Disposition 0. Home 1. Tr

Other diagnosis Total number of other diagnoses

Risk factor 0. Non 1. H

3. Hypertension & Diabetic mellitus

Operation 0. Yes 1. N

Pre-operation day Number of days between

admission and initial surgery
4. Hospital characterisitics

Bed-scale 0. 100-299 1. 30

5. Other

Year 0. 2005 1. 20

II. Dependent Variable

Operation 0 No 1 Ye

NHI: National Health Insurance.
2.2.2. Dependent variables
The LOS for each group of stroke patients was

separately divided by whether the patient underwent

operation or not.

2.3. Analysis
The t test and Chi-square test were performed for

comparative analyses of stroke patient characteristics

such as sociodemographics, medical care utilization,

and medical facilities, depending on whether surgery

was performed or not. Linear regression analysis was

performed to analyze factors that influenced the LOS

for each group of stroke patients. Log transformation

was performed for the inpatient days, a dependent

variable, as the average and median values exhibited

wide asymmetric distribution. The level of significance

was set as p < 0.05; the exploration of multicollinearity

of the multiple regression model was performed using

the variance inflation factor (VIF). For stroke, the

maximum value of multicollinearity VIF was 2.002,

1.877, 3.673 for total, nonsurgery, surgery, respec-

tively; for cerebral infarction the value was 1.933,

1.874, 7.479, respectively. The maximum VIF value

for intracerebral hemorrhage and subarachnoid hem-

orrhage was 1.918, 1.815, 2.241, respectively, and

4.331, 2.987, 7.767, respectively. It was decided that

multicollinearity would not pose a problem while

estimating the regression coefficients. Statistical anal-

ysis was performed using SPSS (SPSS Inc, Chicago,

IL, USA) for Windows 19.0.
Measure

male

ther

edical aid 3. Other

1. Emergency

eath

ansfer other hospital

ypertension 2. Diabetic mellitus

o

0-499 2. 500-999 3. 1000 over

06 2. 2007 3. 2008

s
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3. Results

3.1. Characteristics by disease on the basis of

whether surgery was performed
Of the total 17,364 stroke patients, the majority had

cerebral infarction (12,474, 71.8%), followed by intrace-

rebral hemorrhage (3250, 18.7%) and subarachnoid hem-

orrhage (1640, 9.4%;Table 3).The number of patientswho

underwent surgery (14,604, 84.1%) was 5.3-fold of those

who did not (2760, 15.9%). A majority of surgeries were

performed for subarachnoid hemorrhage (58.8%), fol-

lowed by intracerebral hemorrhage (32.3%) and cerebral

infarction (6.0%). The average patient age was 62.8 years;

patients who underwent surgery were older by 8.6 years on

average than those who did not.

The oldest patients in the cerebral hemorrhage group

were aged 65.1 years (nonsurgery) and 51.5 years

(surgery), which made it the disease group with the

lowest patient age. The average number of other di-

agnoses in the total number of patients was 2.0; the

average was 2.2 for patients who underwent surgery,

which is 1.1 times more than the 2.0 for patients who did

not undergo surgery. Patients who underwent surgery

for intracerebral hemorrhage had the greatest number of

other diagnoses (i.e., 2.4); patients who did not undergo

surgery for subarachnoid hemorrhage had the least

number of other diagnoses (i.e., 1.3). The average LOS

for all patients before surgery was 4.2 days; it was the

longest for patients with cerebral infarction (6.9 days).

3.2. LOS by disease
The average LOS for all patients was 18.6 days;

patients who underwent surgery stayed for 16.7 days

more (2.1 times, 32.6 days) than patients who did not

(15.9 days). The condition requiring the longest hos-

pital stay was intracerebral hemorrhage, with the

average LOS being 28.9 days; patients who underwent

surgery stayed in the hospital on average 9.2 days more

(1.4 times; 35.1 days) than patients who did not (25.9

days). The average LOS for patients with subarachnoid

hemorrhage was 25.3 days, and that those who under-

went surgery stayed for 33.2 days, which was 19.3 days

(2.4 times) longer than that of those who did not (13.9

days). The average LOS for patients with cerebral

infarction was 15.0 days; the average LOS was 14.0

days (2.0 times) more for patients who underwent

surgery (28.1 days) than that for patients who did not

(14.1 days).

3.3. Determinants of the LOS by disease
3.3.1. Determinants of the LOS for patients with

stroke
The factors that influenced the LOS for all patients,

including patients with cerebral infarction, intracerebral

hemorrhage, and subarachnoid hemorrhage, were as

follows: female gender, age, receiving medical aid,
having other forms of insurance, emergency room as the

admission route, death as the treatment result, transfer to

a different hospital as the disposition upon discharge,

number of other diagnoses, hypertension, diabetes,

having both hypertension and diabetes, being treated in

a hospital with 500e999 or >1000 beds, and being

treated in 2008 (R2 Z 0.198; Table 4). The factors that

influenced the LOS for patients who did not undergo

surgery were being from a different area, receiving

medical aid, having other forms of insurance, emer-

gency room as the admission route, death as the treat-

ment result, transfer to a different hospital as disposition

upon discharge, number of other diagnoses, hyperten-

sion, diabetes, having both hypertension and diabetes,

being treated in a hospital with 500e999 or >1000 beds,

and being treated in 2007 and 2008 (R2 Z 0.185). The

factors that influenced the LOS for patients who un-

derwent surgery were female gender, age, being from a

different area, receiving medical aid, having other forms

of insurance, emergency room as the admission route,

death as the treatment result, number of other diagnoses,

having both hypertension and diabetes, and being

treated in a hospital with 300e499, 500e999, or >1000

beds in 2006 (R2 Z 0.397; Table 5).

3.3.2. Determinants of the LOS for patients with

cerebral infarction
The factors that influenced the LOS for patients with

cerebral infarction were as follows: receiving medical aid,

having other forms of insurance, emergency room as the

admission route, death as the treatment result, transfer to a

different hospital as the disposition upon discharge, num-

ber of other diagnoses, hypertension, diabetes, having both

hypertension and diabetes, and being treated in a hospital

with 300e499, 500e999, or >1000 beds in 2008

(R2 Z 0.167; Table 4). The LOS for the patients who did

not undergo surgery was influenced by the following fac-

tors: female gender, age, being from a different area,

receiving medical aid, having other forms of insurance,

emergency room as the admission route, death as the

treatment result, transfer to a different hospital as the

disposition upon discharge, number of other diagnoses,

hypertension, having both hypertension and diabetes, and

being treated in a hospital with 300e499, 500e999, or

>1000 beds in 2006, 2007, and 2008 (R2 Z 0.177). The

LOS for patients who underwent surgery was influenced

by the following factors: emergency roomas the admission

route, death as the treatment result, number of other di-

agnoses, hypertension, having both hypertension and dia-

betes, and being treated in a hospital with >1000 beds

(R2 Z 0.445; Table 5).

3.3.3. Determinants of the LOS for patients with

intracerebral hemorrhage
The factors that influenced the LOS for patients with

intracerebral hemorrhage were female gender, age,



Table 3. Characteristics in disease

Cerebral infarction Intracerebral hemorrhage Subarachnoid hemorrhage Stroke All

NOP OP

p

NOP OP

p

NOP OP

p

NOP OP

p pN (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N[%]

Sex Male 6,165 (52.6) 302 (40.5) *** 1,170 (53.2) 652 (62.2) *** 252 (37.3) 356 (36.9) 7,587 (52.0) 1,310 (47.5) *** 8,897 [51.2] ***

Female 5,563 (47.4) 444 (59.5) 1,031 (46.8) 397 (37.8) *** 423 (62.7) 609 (63.1) 7,017 (48.0) 1,450 (52.5) 8,467 [48.8]

Age M � SD 65.1 � 13.64 51.5 � 20.78 *** 62.0 � 14.77 59.7 � 15.92 *** 55.8 � 15.61 54.2 � 12.70 *** 64.2 � 14.08 55.6 � 16.77 *** 62.8 � 14.88 ***

Area Same 9,183 (78.3) 426 (57.1) *** 1,791 (81.4) 806 (76.8) ** 478 (70.8) 664 (68.8) 11,452 (78.4) 1,896 (68.7) *** 13,348 [76.9] ***

Other 2,545 (21.7) 320 (42.9) 410 (18.6) 243 (23.2) 197 (29.2) 301 (31.2) 3,152 (21.6) 864 (31.3) 4,016 [23.1]

Payment NHI 10,185 (86.8) 658 (88.2) 1,906 (86.6) 888 (84.7) 601 (89.0) 859 (89.0) 12,692 (86.9) 2,405 (87.1) *** 15,097 [86.9] ***

Medical

aid

1,381 (11.8) 79 (10.6) 239 (10.9) 121 (11.5) 52 (7.7) 77 (8.0) 1,672 (11.4) 277 (10.0) 1,949 [11.2]

Other 162 (1.4) 9 (1.2) 56 (2.5) 40 (3.8) 22 (3.3) 29 (3.0) 240 (1.6) 78 (2.8) 318 [1.8]

Admission OPD 4,360 (37.2) 475 (63.7) *** 388 (17.6) 156 (14.9) ** 167 (24.7) 81 (8.4) *** 4,915 (33.7) 712 (25.8) *** 5,627 [32.4] ***

Emergency 7,368 (62.8) 271 (36.3) 1,813 (82.4) 893 (85.1) 508 (75.3) 884 (91.6) 9,689 (66.3) 2,048 (74.2) 11,737 [67.6]

Result Recover 11,297 (96.3) 699 (93.7) *** 1,900 (86.3) 848 (80.8) *** 511 (75.7) 832 (86.2) *** 13,708 (93.9) 2,379 (86.2) *** 16,087 [92.6] ***

Death 431 (3.7) 47 (6.3) 301 (13.7) 201 (19.2) 164 (24.3) 133 (13.8) 896 (6.1) 381 (13.8) 1,277 [7.4]

Disposition Home 10,611 (90.5) 703 (94.2) *** 1,773 (80.6) 864 (82.4) 573 (84.9) 857 (88.8) * 12,957 (88.7) 2,424 (87.8) ** 15,381 [88.6] ***

Transfer 1,117 (9.5) 43 (5.8) 428 (19.4) 185 (17.6) 102 (15.1) 108 (11.2) 1,647 (11.3) 336 (12.2) 1,983 [11.4]

Other diag. M � SD 2.1 � 1.87 2.0 � 2.44 *** 2.0 � 2.01 2.4 � 2.73 *** 1.3 � 1.62 2.2 � 2.37 *** 2.0 � 1.89 2.2 � 2.54 2.0 � 2.01 ***

Chronic dis. No 5,365 (45.7) 465 (62.3) *** 1,206 (54.8) 678 (64.6) *** 502 (74.4) 695 (72.0) 7,073 (48.4) 1,838 (66.6) *** 8,911 [51.3] ***

HTN 3,574 (30.5) 184 (24.7) 726 (33.0) 244 (23.3) 131 (19.4) 210 (21.8) 4,431 (30.3) 638 (23.1) 5,069 [29.2]

DM 950 (8.1) 26 (3.5) 68 (3.1) 49 (4.7) 21 (3.1) 20 (2.1) 1,039 (7.1) 95 (3.4) 1,134 [6.5]

HTN&DM 1,839 (15.7) 71 (9.5) 201 (9.1) 78 (7.4) 21 (3.1) 40 (4.1) 2,061 (14.1) 189 (6.8) 2,250 [13.0]

Pre-op

day

M � SD 6.9 � 9.58 *** 3.2 � 9.25 *** 3.3 � 7.60 *** 4.2 � 8.95 *** 4.2 � 8.95 ***

Bed 100-299 2,406 (20.5) 29 (3.9) *** 436 (19.8) 154 (14.7) ** 72 (10.7) 29 (3.0) *** 2,914 (20.0) 212 (7.7) *** 3,126 [18.0] ***

300-499 1,553 (13.2) 32 (4.3) 346 (15.7) 162 (15.4) 81 (12.0) 90 (9.3) 1,980 (13.6) 284 (10.3) 2,264 [13.0]

500-999 5,854 (49.9) 394 (52.8) 1,135 (51.6) 573 (54.6) 388 (57.5) 668 (69.2) 7,377 (50.5) 1,635 (59.2) 9,012 [51.9]

1000 over 1,915 (16.3) 291 (39.0) 284 (12.9) 160 (15.3) 134 (19.9) 178 (18.4) 2,333 (16.0) 629 (22.8) 2,962 [17.1]

Year 2005 3,037 (25.9) 151 (20.2) *** 657 (29.9) 293 (27.9) 198 (29.3) 261 (27.0) 3,892 (26.7) 705 (25.5) 4,597 [26.5] ***

2006 3,163 (27.0) 179 (24.0) 587 (26.7) 272 (25.9) 200 (29.6) 253 (26.2) 3,950 (27.0) 704 (25.5) 4,654 [26.8]

2007 2,639 (22.5) 177 (23.7) 462 (21.0) 243 (23.2) 136 (20.1) 220 (22.8) 3,237 (22.2) 640 (23.2) 3,877 [22.3]

2008 2,889 (24.6) 239 (32.0) 495 (22.5) 241 (23.0) 141 (20.9) 231 (23.9) 3,525 (24.1) 711 (25.8) 4,236 [24.4]

Total 11,728 [94.0] 746 [6.0] 2,201 [67.7] 1,049[32.3] 675 [41.2] 965 [58.8] 14,604 [84.1] 2,760 [15.9] 17,364 [100.0]

12,474 [71.8] 3,250 [18.7] 1,640 [9.4] 17,364 [100.0]

*p < 0.05, ** p < 0.01, *** p < 0.001; NOP: Non-operation, OP: Operation, N: Patient, M � D: Mean � Standard deviation, OPD: Outpatient department, diag.: diagnosis, dis.: disease HTN: Hypertension, DM: Diabetic

mellitus NHI: National Health Insurance.
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being from a different area, receiving medical aid,

having other forms of insurance, emergency room as

the admission route, death as the treatment result,

transfer to a different hospital as the disposition upon

discharge, number of other diagnoses, having both

hypertension and diabetes, and being treated in a hos-

pital with 300e499, 500e999, or >1000 beds

(R2 Z 0.301; Table 4). For patients who did not un-

dergo surgery, the factors that influenced the LOS were

receiving medical aid, having other forms of insurance,

emergency room as the admission route, death as the

treatment result, transfer to a different hospital as the

disposition upon discharge, number of other diagnoses,

having both hypertension and diabetes, and being

treated in a hospital with 500e999 or >1000 beds

(R2 Z 0.286). For patients who underwent surgery, the

factors that influenced the LOS were female gender,

age, being from a different area, receiving medical aid,

emergency room as the admission route, death as the

treatment result, number of other diagnoses, having

both hypertension and diabetes, and being treated in a

hospital with 300e499, 500e999, or >1000 beds in

2006 (R2 Z 0.398; Table 5).

3.3.4. Determinants of the LOS for patients with

subarachnoid hemorrhage
The LOS for patients with subarachnoid hemorrhage

was influenced by the following factors: receiving

medical aid, having other forms of insurance,
Table 4. Multiple regression models for disease

Cerebral infarction Intracerebral h

Estimate t p Estimate

Intercept 2.084 48.251 * 2.609 2

Gender (male) Female �0.007 �0.481 d 0.073

Age 0.000 �0.470 d �0.002 �
Area (same) Other �0.013 �0.769 d �0.095 �
Payment (NHI) Medical aid 0.203 9.179 * 0.272

Other 0.220 3.634 * 0.338

Adm. (OPD) Emergency 0.203 13.531 * 0.285

Res. (Recover) Death �0.365 �9.814 * �1.121 �2

Dis. (Home) Transfer �0.102 �4.147 * �0.326 �
Other diagnosis 0.174 40.089 * 0.201 2

Risk factor (non) HTN �0.105 �5.931 * 0.002

DM �0.065 �2.332 ** �0.118 �
HTN and DM �0.181 �7.618 * �0.286 �

Bed (100�299) 300e499 �0.052 �2.032 ** �0.114 �
500e999 �0.156 �8.031 * �0.263 �
>1000 �0.293 �12.048 * �0.317 �

Year (2005) 2006 0.053 2.748 d 0.036

2007 �0.029 �1.411 d 0.048

2008 �0.047 �2.377 ** 0.071

R2Z 0.167 0.301

Adj R2Z 0.166 0.297

FZ 139.000 77.350

pZ 0.000 0.000

* p < 0.05, ** p < 0.01, *** p < 0.001; Adm. Z admission route; Dis Z disp

Health Insurance; OPD: outpatient department; Res. Z result; t Z t value.
emergency room as the admission route, death as the

treatment result, transfer to a different hospital as the

disposition upon discharge, number of other diagnoses,

having both hypertension and diabetes, and being

treated in a hospital with 500e999 beds (R2 Z 0.366;

Table 4). For patients who did not undergo surgery, the

factors that influenced the LOS were age, emergency

room as the admission route, death as the treatment

result, transfer to a different hospital as the disposition

upon discharge, number of other diagnoses, and having

both hypertension and diabetes (R2 Z 0.267). For pa-

tients who underwent surgery, the factors that influenced

the LOS were age, receiving medical aid, having other

forms of insurance, emergency room as the admission

route, death as the treatment result, number of other

diagnoses, having both hypertension and diabetes, and

being treated in a hospital with >1000 beds

(R2 Z 0.404; Table 5).
4. Discussion

The advent of a rapidly aging society will greatly

influence the social financial burden related to stroke

[24]. In Korea, patients who have passed the acute

stage of illness continue receiving treatment in the

general ward [5]. Accordingly, effective management

of the LOS that greatly influences treatment expenses

will affect the use of beds, reduce hospitalization
emorrhage Subarachnoid hemorrhage Stroke

t p Estimate t p Estimate t p

7.604 * 1.778 11.708 * 2.265 57.632 *

2.213 ** �0.019 �0.400 d 0.034 2.578 ***

2.060 ** 0.002 1.434 d �0.003 �6.960 *

2.365 ** �0.014 �0.291 d �0.030 �1.894 d

5.319 * 0.167 2.035 ** 0.201 9.692 *

3.553 * 0.339 2.646 *** 0.344 7.094 *

6.518 * 0.701 11.272 * 0.347 24.141 *

4.645 * �1.279 �21.815 * �0.663 �26.137 *

7.739 * �0.507 �7.572 * �0.127 �6.108 *

5.656 * 0.196 17.016 * 0.192 51.358 *

0.062 d �0.076 �1.303 d �0.125 �7.797 *

1.345 d �0.116 �0.816 d �0.180 �6.550 *

4.533 * �0.473 �3.843 * �0.319 �14.109 *

2.047 ** 0.174 1.549 d �0.044 �1.851 d

5.966 * 0.249 2.638 *** �0.144 �7.884 *

5.491 * 0.034 0.323 d �0.311 �13.604 *

0.847 0.018 0.313 0.030 1.689 d

1.048 0.029 0.465 �0.029 �1.570 d

1.589 0.081 1.306 �0.040 �2.175 **

0.366 0.198

0.359 0.198

52.027 238.539

0.000 0.000

osition; DM Z diabetic mellitus; HTN Z hypertension; NHI Z National



Table 5. Multiple regression models for disease treated by surgery

Operation

Cerebral

infarction

Intracerebral

hemorrhage

Subarachnoid

hemorrhage Stroke

NOP OP NOP OP NOP OP NOP OP

Est t p Est t p Est t p Est t p Est t p Est t p Est t p Est t p

Intercept 1.928 43.248 * 2.620 15.431 * 2.493 21.362 * 2.771 18.194 * 1.377 6.298 * 3.026 17.023 * 2.051 48.828 * 2.767 31.579 *

Gender

(male)

Female �0.042 �2.908 ** 0.072 1.399 d 0.052 1.282 d 0.168 3.260 ** 0.010 0.126 d �0.048 �1.092 d �0.021 �1.501 d 0.093 3.344 **

Age 0.003 4.892 * �0.002 �1.315 d 0.000 �0.303 d �0.003 �2.127 *** 0.005 2.016 *** 0.004 2.025 *** 0.001 1.821 d �0.002 �2.102 ***

Area

(same)

Other �0.040 �2.312 *** �0.011 �0.211 d �0.079 �1.541 d �0.185 �3.165 ** �0.025 �0.298 d �0.044 �0.998 d �0.055 �3.261 ** �0.090 �2.975 **

Payment

(NHI)

Medical

aid

0.195 8.773 * 0.147 1.819 d 0.311 4.825 * 0.177 2.277 *** �0.049 �0.344 d 0.263 3.450 ** 0.200 9.190 * 0.188 4.126 *

Other 0.242 3.987 * �0.005 �0.021 d 0.371 2.916 ** 0.123 0.947 d 0.181 0.855 d 0.377 3.083 ** 0.299 5.545 * 0.233 2.800 **

Adm.

(OPD)

Emergency 0.234 15.406 * 0.425 7.231 * 0.223 4.173 * 0.368 5.180 * 0.550 6.032 * 0.191 2.602 ** 0.296 19.712 * 0.407 12.173 *

Res.

(recover)

Death �0.416 �10.892 * �0.639 �6.055 * �1.221 �20.356 * �1.029 �15.843 * �1.067 �11.433 * �1.198 �19.990 * �0.657 �22.627 * �1.032 �25.358 *

Dis.

(home)

Transfer �0.112 �4.571 * 0.128 1.171 d �0.445 �8.606 * �0.014 �0.213 d �0.742 �6.806 * �0.070 �1.061 d �0.157 �7.132 * �0.022 �0.507 d

Other

diagnosis

0.165 36.829 * 0.174 13.985 * 0.207 18.288 * 0.170 16.845 * 0.214 8.058 * 0.132 13.655 * 0.179 42.025 * 0.161 26.328 *

Risk (non) HTN �0.073 �4.089 * �0.177 �2.756 ** 0.014 0.292 d 0.110 1.764 d �0.081 �0.777 d �0.015 �0.291 d �0.062 �3.652 * �0.014 �0.408 d

DM �0.020 �0.730 d �0.098 �0.709 d �0.182 �1.544 d �0.070 �0.590 d �0.081 �0.362 d 0.003 0.018 d �0.088 �3.113 ** �0.063 �0.828 d

HTN

and DM

�0.126 �5.277 * �0.292 �2.984 ** �0.279 �3.554 * �0.214 �2.102 *** �0.528 �2.320 *** �0.345 �3.165 ** �0.195 �8.236 * �0.268 �4.541 *

Bed

(100�299)

300e499 �0.049 �1.968 *** �0.076 �0.442 d �0.099 �1.465 d �0.229 �2.520 *** 0.213 1.353 d �0.253 �1.839 d �0.045 �1.885 d �0.214 �3.269 **

500e999 �0.198 �10.254 * 0.013 0.101 d �0.271 �5.078 * �0.311 �4.224 * 0.076 0.597 d �0.200 �1.638 d �0.212 �11.347 * �0.188 �3.561 *

>1000 �0.345 �14.021 * �0.436 �3.214 ** �0.264 �3.668 * �0.530 �5.834 * �0.029 �0.196 d �0.440 �3.426 ** �0.357 �14.944 * �0.500 �8.470 *

Year

(2005)

2006 0.046 2.366 *** 0.108 1.457 d �0.029 �0.547 d 0.190 2.831 ** �0.038 �0.393 d 0.048 0.862 d 0.017 0.897 d 0.113 2.979 **

2007 �0.043 �2.130 *** 0.032 0.430 d 0.078 1.376 d �0.049 �0.711 d 0.055 0.514 d �0.007 �0.127 d �0.039 �1.997 ** �0.017 �0.426 d

2008 �0.073 �3.640 * 0.033 0.471 d 0.076 1.365 d 0.055 0.788 d 0.009 0.084 d 0.096 1.667 d �0.065 �3.377 * 0.049 1.289 d

R2Z 0.177 0.445 0.286 0.398 0.267 0.404 0.185 0.397

Adj. R2Z 0.176 0.431 0.280 0.387 0.247 0.393 0.184 0.393

FZ 139.826 32.342 48.544 37.826 13.282 35.619 184.148 100.233

pZ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

*p < 0.05, ** p < 0.01, *** p < 0.001.
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waiting time, improve the financial structure of the

hospital, and reduce the burden of treatment cost on

patients and insurers [7,8,15,16].

Thus, based on the LOS of stroke inpatients

[7e9,12,24], we sought to analyze the factors that in-

fluence the LOS according to each disease group in

patients who underwent surgery and those who did not.

There were differences in the number of patients and

LOS in patients with cerebral infarction, intracerebral

hemorrhage, and subarachnoid hemorrhage; factors

that influenced the length of hospitalization also varied

according to the pathological types of stroke and be-

tween patients who underwent surgery and those who

did not.

The incidence rate by type was highest for cerebral

infarction (71.8%), followed by intracerebral hemor-

rhage (18.7%) and subarachnoid hemorrhage (9.4%).

According to the data on medical care claims by the

Health Insurance Review and Assessment Service cited

in Kwon et al with respect to patients who were

admitted and discharged with a diagnosis of stroke [3],

the order was cerebral infarction (70.8%), intracerebral

hemorrhage (15.2%), transient ischemic attack (8.9%),

and subarachnoid hemorrhage (5.0%). According to the

Korean Stroke Society, of all stroke patients in 29 big

hospitals, excluding cases of hemorrhagic stroke and

transient ischemic attack, 10,811 patients (89.6%) had

ischemic stroke, 667 (5.5%) had hemorrhagic stroke,

and 594 (4.9%) had transient ischemic attack [20]. The

difference in the percentages is thought to result from

methodological differences in disease-type classification

and data collection.

The average LOS for all stroke patients was 18.6

days. It is shorter than the 25.8 days reported for the

Netherlands [12] and longer than the 6e8 days reported

for the United States [7] and the 10.6 days reported for

Germany [25]. Such variation in the LOS by country is

attributable to the difference resulting from the inclu-

sion or exclusion of recurrent cases and the influence of

the medical system, payment compensation system,

etc. In the Health Insurance Review and Assessment

Service study that used data gathered over a 10-year

period, the LOS was 27.2 days in 2008 and 21.4 days

in 2007 [3,10]. According to the data of a 2009 study

on patients that excluded long-term inpatients, the LOS

was 29.0 days for ischemic stroke (I63eI67) and 45.57

days for hemorrhagic stroke (I60eI62) [26]. The dif-

ference in the LOS, as in the abovementioned patient

composition, reflects the difference based on the scope

of pathological subtype in sample selection and on

whether long-term inpatients are included. In this

study, 507 (2.8%) of the total number of selected pa-

tients were long-term inpatients whose cumulative LOS

was 105,750 days, which constituted 24.7% of the total

number of hospitalization days (Table 1). In particular,

1.6% of the patients who underwent surgery for
cerebral infarction and whose LOS comprised 31.4% of

the total LOS were excluded from the study. In the

study by Evers et al, 2.6% of patients were long-term

hospitalized patients [12].

Surgery was performed on 15.9% of all patients: 58.8%

for subarachnoid hemorrhage, 32.3% for intracerebral

hemorrhage, and 6.0% for cerebral infarction. There was a

2.1-fold difference in the LOS between surgery and non-

surgery cases, being 32.6 and 15.9 days, respectively.

According to a 25-year study (1967e1991) on reducing

the LOS for stroke patients in the United States, as the

incidence of stroke increased over the years, the LOS was

increased to a greater extent in surgery cases [13].Whether

or not surgery was performed was the factor that most

influenced the LOS and treatment expenses [9,15,16]. In

nonsurgery cases, there was a wider variation in the

average hospital stay than that in surgery cases, and the

severity of disease varied to a greater degree even within

the same pathological subtype [10]. Accordingly, the re-

sults of this study, which analyzed the factors that influ-

enced the LOS depending on whether surgery was

performed or not for each disease, can be used to address

the change in the payment system and as reference data for

managing the LOS.

Whilemedical aid recipients accounted for 3e4%of the

entire population in a previous study [23], they comprised

11.2% in this study. When patients with cerebral infarction

(I60eI69) treated in university hospitals were classified by

whether surgery was performed and by the type of insur-

ance, the hospital stay of the surgery patients benefitting

from industrial accident compensation insurance or medi-

cal aidwas 56.57 days,whichwas2.1 times longer than that

for patients with NHI (27.80 days). If surgery was not

performed, the LOS for patients with industrial accident

compensation insurance or medical aid was 16.76 days,

which was 1.5-fold higher than that for patients with NHI

(13.41 days) [15]. In this study, receiving medical aid or

other forms of insurance was identified as a statistically

significant factor that led to a longer hospital stay for pa-

tients with stroke in general, as well as separately for pa-

tients with cerebral infarction, intracerebral hemorrhage,

and subarachnoid hemorrhage. This was also a determinant

factor for significantly prolonging the LOS when all stroke

patients were divided into surgery and nonsurgery groups.

However, when the surgery/nonsurgery classification was

made according to pathological subtype, receivingmedical

aid or other forms of insurance was not significant in terms

of NHI and other forms of insurance for patients with ce-

rebral infarction who underwent surgery and patients with

subarachnoid hemorrhage who did not, and being on other

forms of insurance was not significant for patients with

intracerebral hemorrhage who underwent surgery. Ac-

cording to Chang et al, who studied the influence of health

service coverage onmedical services in patients with acute

cerebral infarction (I63, I67eI69) [23], no difference was

found in the average LOS for patients with NHI and
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medical aid. When the LOS for elderly patients was clas-

sified into “shorter than 30days” and “longer than 30days,”

there was no significant difference according to insurance

type [14]. In the evaluation of the appropriateness of hos-

pital stay according to insurance type, no difference was

found based on health service coverage [11]. According to

Kimet al [16], insurance typewas a significant factor for all

patients with stroke; it was not a significant factor for pa-

tients with intracerebral hemorrhage (I61), but was a sig-

nificant factor for patients with cerebral infarction (I63).

Such difference is believed to originate from the difference

between the pathological subtype code scopes and study

patients. However, the results were consistent in that the

factor of insurance type was significant for all patients with

stroke, but varied according to different subtypes.

There were a total of 11.4% of transfers to a different

hospital. The highest percentage of transfers was for pa-

tients with intracerebral hemorrhage who did not undergo

surgery (19.4%), and the lowest was for patients with ce-

rebral infarction who underwent surgery (5.8%). Transfer

to a different hospital was a factor that decreased the LOS

for all stroke patients and for patients in each disease

group. Among patients who underwent surgery, it was the

factor that increased the LOS in patients with cerebral

infarction and decreased the LOS in patients with intra-

cerebral hemorrhage and subarachnoid hemorrhage,

although neither the increase nor decrease was statistically

significant. Treatment of stroke occurs in three stages,

namely, treatment of the acute stage, rehabilitation, and

prevention of reoccurrence [11,15]. In cases in which

surgery was performed, the state of patients was acute,

which required the concentration of resources such as man

power, operating room, intensive care unit; before the

patientwas stabilized, itwas impossible to shorten theLOS

through a transfer to a different hospital. In cases where

surgery was not performed, the patient was comparatively

stable, and led to the continuous treatment process that

requires long-term treatment for the chronic condition and

rehabilitation service. Accordingly, based on whether or

not surgery was performed, transfer to a different hospital

was another factor that influenced the increase or decrease

in the LOS.

The component ratio of patients significantly differed

according to the number of hospital beds for each dis-

ease and whether surgery was performed. According to

Kwon et al, who classified medical institutions into

high-level general hospitals, general hospitals, hospitals,

convalescent hospitals, and clinics, the ratio of patients

with cerebral infarction was highest for all medical in-

stitutions [3]. However, when viewed by type of medical

institution, there was a tendency for a slight increase in

the ratio of patients with cerebral infarction and tran-

sient ischemic attacks, and at the same time, for a

decrease in the ratio of patients with hemorrhagic stroke

in high-level general hospitals and general hospitals. In

hospitals, there was a tendency for the ratio of patients
with cerebral infarction to increase, but there was not

much variation in the number of transient ischemic at-

tacks over the years. There was a distinct tendency for

the ratio of patients with intracerebral hemorrhage to

decrease, and the ratio of patients with subarachnoid

hemorrhage remained similar. Being treated in a hos-

pital with 500e999 beds was a factor for decreased LOS

for patients with cerebral infarction and intracerebral

hemorrhage and a factor for increased LOS for patients

with subarachnoid hemorrhage. Undergoing surgery for

cerebral infarction and not undergoing surgery for sub-

arachnoid hemorrhage contributed to increased LOS;

undergoing surgery for subarachnoid hemorrhage

contributed to decreased LOS, but the contributions

were not statistically significant.

According to a number of non-Korean studies per-

formed based on all pathological types, the larger the

number of beds, the longer the LOS [27e30]. According

to the studies that connected a higher number of hospital

beds with the increased risk for patients [27,28], the

severity of disease and LOS were proportional. Further,

if it is assumed that more severe diseases are likely to be

treated in bigger hospitals, it is natural that more the

number of beds, longer the hospital stay. However, this

study observed that the tendency for decreased LOS was

more marked in bigger hospitals. Ahn explained that the

increased LOS in smaller hospitals was due to the

inappropriate use of hospital beds, whereas in large-

scale hospitals, there is excessive medical service due

to the high intensity of service; therefore, correction of

the form of treatment in different types of hospitals re-

quires different emphasis [31].

When dividing stroke patients by disease and whether

they had surgery, admission through the emergency room

and the number of other diagnoses were factors that

increased the LOS, whereas death as a treatment result and

having both hypertension and diabetes contributed to

decreasing the LOS; both the increase and decrease were

statistically significant. Admission through the emergency

room, number of other diagnoses, and having both hy-

pertension and diabetes are all risk factors that increase the

use of medical resources [14].

When admission routes that allowed the use of

disease severity as a proxy variable were considered,

67.6% of cases were found to have had admission

through the emergency room. Further, 91.6% of pa-

tients with subarachnoid hemorrhage who had under-

gone surgery had been admitted through the emergency

room. For these patients, the average LOS was 33.2

days, followed by patients who underwent surgery for

intracerebral hemorrhage (35.1 days). Of the patients

who underwent surgery for cerebral infarction, 36.3%

had been admitted through the emergency room, which

was the lowest percentage of admissions through the

emergency room, and the average LOS was 28.1 days.

According to a study that evaluated the appropriateness
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of the LOS for acute diseases, the appropriateness was

significantly higher when patients were admitted

through the emergency room than that in cases of

admission through the outpatient department [11].

The number of other diagnoses for all patients was

2.0. It was 2.2 for patients who underwent surgery,

which was 1.1 times more than the 2.0 for patients who

did not. The LOS was 2.1 times longer for patients who

underwent surgery (32.6 days) than that for patients who

did not (15.9 days). The number of other diagnoses was

highest in patients with intracerebral hemorrhage who

underwent surgery (2.4), and these patients had the

longest hospital stay (35.1 days). The number of other

diagnoses was lowest in patients with subarachnoid

hemorrhage who did not undergo surgery (1.3), and

these patients had the shortest hospital stay (13.9 days).

According to studies on the relation between the number

of diagnoses for comorbidities and complications and

the LOS, the greater the number of comorbidities and

complications, the longer the hospital stay and the

higher the mortality [32].

In this study, which defined “death” and “hopeless

discharge” as “death,” the mortality rate for all patients

was 7.4%, with the mortality rate for patients who un-

derwent surgery being 2.3 times higher (13.8%) than

that for patients who did not (6.1%). According to a

study that classified stroke cases as hemorrhagic and

nonhemorrhagic, the mortality rate for hemorrhagic

stroke was 13.4%, which was 3.8 times higher than that

for nonhemorrhagic stroke, which was 3.5% [33]. Death

was the factor that decreased the LOS for all stroke

patients and for each disease group depending on

whether surgery was performed. Other studies also

found that death was a factor that decreased the LOS

[9,16]. An analysis of the period of death of stroke pa-

tients revealed that 83 people (52.5%) died within 7

days, 58 people (36.7%) died between 8 and 30 days,

and 17 people (10.8%) died 31 days after the disease

occurred [34].

Hypertension was a risk factor in 42.2% of patients;

19.5% had diabetes (Table 3, restructured), and ac-

cording to two studies that divided patients by hemor-

rhagic and nonhemorrhagic stroke, 45.7% and 59.7% of

patients had a history of hypertension, and 14.9% and

28.7% had a history of diabetes, respectively [19,33].

Following an examination of the difference in the LOS

depending on hypertension and diabetes, which were

risk factors identifiable by disease code and classified

into “absence of risk factors,” “hypertension,” “dia-

betes,” “hypertension and diabetes,” we determined that

having both hypertension and diabetes was a significant

factor for decreased LOS in all groups. In patients with

cerebral infarction, hypertension, and diabetes, each

condition was a significant factor separately, and they

held significance only for patients with cerebral infarc-

tion. Further, they were significant factors for stroke
patients who did not undergo surgery and for patients

with cerebral infarction independent of whether surgery

was performed or not, contributing to the decreased

LOS. Diabetes was a factor that significantly decreased

the LOS in patients with stroke and cerebral infarction.

However, when patients were divided on the basis of

whether surgery was performed, it was a significant

factor only for the stroke patients who underwent sur-

gery; it was not a significant factor for other disease

groups. In general, the more severe the comorbidity and

complications were, the longer was the hospital stay

[7,9,12,31]. A study of the LOS and death as a treatment

result in patients with acute thrombotic occlusion

depending on comorbidities concluded that the higher

the comorbidity index number, the longer the hospital

stay [35].

This study aimed to investigate the factors that influ-

ence the LOS in stroke patients. One limitation of this

study is that it did not reflect other variables that influence

the LOS, such as the part of the brain in which stroke

occurred and other clinical characteristics such as char-

acteristics of the doctor, characteristics of the hospital

(e.g., foundation entity), characteristics of the patient’s

family, social support. Further, reoccurrence of the disease

or absence thereof was not reflected in the analysis and

there were issues with the accuracy of diagnosis and cod-

ing; these may be limitations in the methodology [36].

However, we believe that this study is significant in that it

used data from hospitals with>100 beds from all over the

country, and the analysis data were extracted mainly from

that stored in medical records department, where hospital

data are best managed. Moreover, for noncomputerized

hospitals, a person in charge of sampling or a researcher

from theKoreaCenters forDiseaseControl andPrevention

was dispatched. We used system data from the Korean

National Hospital Discharge In-Depth Injury Survey,

which included variables for analysis such as inpatient

days by pathological subtypes as well as hypertension and

diabetes that influence the severity of disease [35,37].

Based on this study, the following is suggested: First,

standardization is required to produce a comparison with

valid data. Every study used a different scope of disease

codes for stroke, and at the data-classification stage, a

standardized scope of diseases adds validity not only to

analysis of the treatment expenses andLOS, but also to that

of medical resources and cost, which aids the decision-

making stage. Second, there is a need to consider when the

data are made public. A change in policy brings about

changes in the LOS [12,13]. Long-Term Care Insurance

for the Aged was introduced in July 2008, and the data of

the Korean National Hospital Discharge In-Depth Injury

Survey used in this study covered the period from 2005 to

2008, such that the analysis of the change in the LOS could

not reflect the policy change. It will be more than 2 years

before the current data become public and can be used in

research. Another disadvantage is that there is a difference

in the survey time and the hospitals targeted for the survey,
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leading to partial correspondence between the information

provided and the patient survey; further, the low sample-

extraction rate reduces its accuracy. Third, there is a

need to consider the survey interval. The study results

suggest that there was not much change in the LOS every

year over a 4-year period. Considering this, it is suggested

that the survey interval be increased to every 2e3 years.
5. Conclusion

Even if the LOS of stroke patients decreased, it

would not influence the death rate, repeat hospitalization

rate, and other aspects of the quality of treatment [38].

This study has significance because it seeks the appro-

priate plan for managing the LOS of stroke patients for

each disease and depending on whether surgery was

performed to decrease the burden of treatment expenses

on the insurer, the hospital, and patients through effec-

tive management of the LOS in the wake of the

changing treatment-cost reimbursement system.

The LOS for all stroke patients was 18.6 days, and the

LOS for each disease groupwas 15.0 days for patients with

cerebral infarction, 28.9 days for patiets with intracerebral

hemorrhage, and 25.3 days for patients with subarachnoid

hemorrhage. When patients were divided based on

whether they had surgery, there was a 2.4-time difference

in the LOS for patients with subarachnoid hemorrhage,

2.0-time difference for patients with cerebral infarction,

and 1.4-time difference for patients with intracerebral

hemorrhage. The common factors that influenced the LOS

for all diseases and for each disease, divided by whether or

not patients had surgery, were admission route through the

emergency room and the number of other diagnoses

increased the LOS, whereas death and having both hy-

pertension and diabetes decreased the LOS.When patients

were divided by disease, receiving medical aid or other

types of insurance was the factor that contributed to

increased LOS, and based on whether surgery was per-

formed, it was not a significant factor for patients with

cerebral infarction who underwent surgery and in patients

with subarachnoid hemorrhage who did not undergo sur-

gery; it was also not significant in patients with intracere-

bral hemorrhage who used other methods of payment.

Transfer to a different hospital was a factor that decreased

the LOS for all patients and for each disease; when patients

were divided based on whether surgery was performed, it

was a factor that increased the LOS for patients with ce-

rebral infarction who underwent surgery and that

decreased the LOS of patients with intracerebral hemor-

rhage and subarachnoid hemorrhage who underwent sur-

gery, but neither had statistical significance.

As the treatment-cost reimbursement system is chang-

ing from FFS to DRG worldwide, there is a need for a

different policy approach for managing the LOS so that

hospitals can maintain profits and perform their inherent

role of providing good-quality treatment. Ifwe assume that
it is appropriate to use theLOSas the indicator of treatment

expenses, there is a need to tackle factors that influence the

LOS of stroke patients for each disease group who are

divided based on whether surgery is performed or not for

the proper management of the LOS.

References

1. National Statistics Officer. 2011 Cause of death statistics. Dae-

jeon: Korea National Statistical Office; 2012.

2. National Health Insurance Statistics. 2010 National Health Insur-

ance statistical analysis. Taipei: National Health Insurance

Administration; 2010.

3. Kwon YD, Chang HJ, Choi YJ, et al. Nationwide trends in stroke

hospitalization over the past decade. J Korean Med Assoc 2012

Oct;55(10):1014e25.

4. National Health Insurance Statistics. The result of the large

amount patients in NHIS. Taipei: National Health Insurance

Administration; 2009.

5. Lee KS, Bae HJ, Kim HS. Utilization of health care resources and

costs of stroke patients: patients’ perspective. J Korean Neurol

Assoc 2004 Dec;22(6):583e9.

6. Dennis M, Langhorne P. So stroke units save lives: where do we

go from here? BMJ 1994 Nov;309(6964):1273e7.

7. Diringer MN, Edwards DF, Mattson DT, et al. Predictors of acute

hospital costs for treatment of ischemic stroke in an academic

center. Stroke 1999 Apr;30(4):724e8.
8. Caro JJ, Huybrechts KF, Duchesne I.Management patterns and costs

of acute ischemic stroke: an international study. For the Stroke

Economic Analysis Group. Stroke 2000 Mar;31(3):582e90.
9. Chang HJ, Yoon SS, Kwon YD. Determinants of inpatient charges

of acute stroke patients in two academic hospitals: comparison of

intracerebral hemorrhage and cerebral infarction. J Korean Neurol

Assoc 2009 Aug;27(3):215e22.
10. Jeong SH, Oh JH, Lee HJ, et al. The study of quality management

for long-term care patient. Seoul: Health Insurance Review and

Assessment Service; 2012.

11. Choi EM, Yoo IS. A study on evaluation of the appropriateness of

hospitalization for patients with stroke. J Digital Policy Manage

2012 Apr;10(3):233e40.

12. Evers S, Voss G, Nieman F, et al. Predicting the cost of hospital

stay for stroke patients: the use of diagnosis related groups. Health

Policy 2002 Jul;61(1):21e42.

13. Lanska DJ. Length of hospital stay for cerebrovascular disease in

the United States: professional activity Study, 1963e1991. J

Neurol Sci 1994 Dec;127(2):214e20.

14. Kim SJ, Yu SH, Oh HJ. Factors associated with length of stay in

elderly inpatients in a general hospital in Seoul. Korean J Hosp

Manage 2007 Jun;12(2):25e42.
15. Nam KY. Deducing optimum length of stay and exploring influ-

ence pneumonia, and factors from a management perspective-

focusing on cerebral infarction, hemiplegia, arthrosis. Master’s

thesis. Seoul: Kyung Hee University; 2008.

16. Kim YH, Moon JW, Kim KH. The determinant factors and

medical charges pattern by length of stay in hospital. Korean J

Hosp Manage 2010 Jun;15(2):15e26.
17. World Health Organization. STEPSeStroke manual (version 1.2):

The WHO STEPwise approach to stroke surveillance. Geneva:

World Health Organization; 2013.

18. Yoon DS, Bae HJ, Kim BK, et al. Case fatality after ischemic

stroke and TIA in a hospital-based cohort: long-term effect of

complications. J Korean Neurol Assoc 2004 Oct;22(5):433e9.

19. Kim SI, Lee MY. Epidemiologic study of geriatric cerebrovascular

accident inpatients. J Korean Acad Univ Trained Phys Ther 2005

Jun;12(2):98e104.

20. Yu KH, Bae HJ, Kwon SU, et al. Analysis of 10,811 cases with

acute ischemic stroke from Korean Stroke Registry: hospital-based

http://refhub.elsevier.com/S2210-9099(13)00138-0/sref1
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref1
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref2
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref2
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref2
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref3
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref3
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref3
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref3
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref4
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref4
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref4
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref5
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref5
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref5
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref5
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref6
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref6
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref6
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref7
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref7
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref7
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref7
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref8
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref8
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref8
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref8
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref9
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref9
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref9
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref9
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref9
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref10
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref10
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref10
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref11
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref11
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref11
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref11
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref12
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref12
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref12
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref12
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref13
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref13
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref13
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref13
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref13
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref14
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref14
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref14
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref14
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref15
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref15
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref15
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref15
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref16
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref16
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref16
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref16
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref17
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref17
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref17
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref17
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref18
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref18
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref18
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref18
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref19
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref19
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref19
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref19
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref20
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref20


Determinants of the length of stay in stroke patients 341
multicenter prospective registration study. J Korean Neurol Assoc

2006 Dec;24(6):535e43.

21. Ko YC, Park JH, Kim WJ, et al. The long-term incidence of

recurrent stroke: single hospital-based cohort study. J Clin Neurol

2009 May;27(2):110e5.

22. Kim YJ, Kwak C. Prevalence and associated risk factors for car-

diovascular disease: findings from the 2005, 2007 Korea National

Health and Nutrition Examination Survey. Korean J Health Pro-

mot 2011 Sep;11(3):169e76.

23. Chang HJ, Kwon YD, Yoon SS. Impact of health insurance type

on health care utilization in patients with acute cerebral infarction.

J Korean Neurol Assoc 2011 Feb;29(1):9e15.

24. Kim KH. Influence factors and compositions of medical charges

while hospitalization with stroke in Korea. Ph.D. Dissertation.

Gyeongbuk: Kyungpook National Graduate School; 2009.

25. Heuschmann PU, Kolominsky-Rabas PL, Misselwitz B, et al.

Predictors of in-hospital mortality and attributable risks of death

after ischemic stroke. Arch Intern Med 2004 Sep;164(16):1761e8.
26. KIHASA. 2009 Patients survey in-depth analysis. Seoul:

KIHASA; 2011.

27. Cots F, Mercade L, Castells X, et al. Relationship between hos-

pital structural level and length of stay outliers. Implications for

hospital payment systems. Health Policy 2004 May;68(2):159e68.

28. Freitas A, Silva-Costa T, Lopes F, et al. Factors influencing hos-

pital high length of stay outliers. BMC Health Serv Res 2012 Aug;

12:265e74.

29. Theurl E,WinneH. The impact of hospital financing on the length of

stay: evidence fromAustria.Health Policy 2007Aug;82(2):375e89.

30. Pirson M, Martins D, Jackson T, et al. Prospective case mix-based

funding, analysis and financial impact of cost outliers in all-patient
refined diagnosis related groups in three Belgian general hospitals.

Eur J Health Econ 2006 Mar;7(1):55e65.

31. Ahn HS. The effect of hospital, department and physician factors

on hospital resource use. Korean J Health Policy Adm 1997 May;

7(1):125e54.

32. Kuwabara K, Imanaka Y, Matsuda S, et al. The association of the

number of comorbidities and complications with length of stay,

hospital mortality and LOS high outlier, based on administrative

data. Environ Health Prev Med 2008 Mar;13(3):130e7.

33. Kim CG, Park HA. Predictors of in-hospital death of stroke pa-

tients regarding the demographics and previous medical illness.

Korean J Stroke 2006;8:179e86.

34. Kim KT, Lee KM, Kim K, et al. Timing and causes of death of

stroke patients died in hospitalization. J Korean Acad Rehab Med

2003 Aug;27(4):494e9.

35. Lim JH, Park JY. The impact of comorbidity (the Charlson Co-

morbidity Index) on the health outcomes of patients with the acute

myocardial infarction (AMI). Korean J Health Policy Adm 2011

Dec;21(4):541e64.

36. Rangachari P. Coding for quality measurement: the relationship

between hospital structural characteristics and coding accuracy

from the perspective of quality measurement. Perspect Health Inf

Manag 2007 Apr;4(3):1e16.

37. Korea Centers for Disease Control and Prevention. Korean Na-

tional Hospital Discharge In-Depth Injury Survey. Osong: Korea

Centers for Disease Control and Prevention; 2009.

38. Kahn KL, Keeler EB, Sherwood MJ, et al. Comparing out-

comes of care before and after implementation of the DRG-

based prospective payment system. JAMA 1990 Oct;264(15):

1984e8.

http://refhub.elsevier.com/S2210-9099(13)00138-0/sref20
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref20
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref20
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref21
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref21
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref21
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref21
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref22
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref22
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref22
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref22
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref22
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref23
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref23
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref23
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref23
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref24
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref24
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref24
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref25
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref25
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref25
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref25
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref26
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref26
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref27
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref27
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref27
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref27
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref28
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref28
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref28
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref28
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref29
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref29
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref29
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref30
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref30
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref30
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref30
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref30
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref31
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref31
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref31
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref31
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref32
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref32
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref32
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref32
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref32
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref33
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref33
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref33
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref33
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref34
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref34
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref34
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref34
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref35
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref35
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref35
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref35
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref35
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref36
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref36
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref36
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref36
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref36
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref37
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref37
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref37
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref38
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref38
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref38
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref38
http://refhub.elsevier.com/S2210-9099(13)00138-0/sref38

	Determinants of the Length of Stay in Stroke Patients
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Definition of variables
	2.2.1 Independent variables
	2.2.1.1 Sociodemographic characteristics
	2.2.1.2 Clinical characteristics
	2.2.1.3 Characteristics of the medical institution and other characteristics

	2.2.2 Dependent variables

	2.3 Analysis

	3 Results
	3.1 Characteristics by disease on the basis of whether surgery was performed
	3.2 LOS by disease
	3.3 Determinants of the LOS by disease
	3.3.1 Determinants of the LOS for patients with stroke
	3.3.2 Determinants of the LOS for patients with cerebral infarction
	3.3.3 Determinants of the LOS for patients with intracerebral hemorrhage
	3.3.4 Determinants of the LOS for patients with subarachnoid hemorrhage


	4 Discussion
	5 Conclusion
	References


