Original Article
Ann Rehabil Med 2016;40(4):675-681

PISSN: 2234-0645 ¢ eISSN: 2234-0653 a ‘ m

Length of Hospital Stay After Stroke:
A Korean Nationwide Study
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Objective To investigate the length of hospital stay (LOS) after stroke using the database of the Korean Health
Insurance Review & Assessment Service.

Methods We matched the data of patients admitted for ischemic stroke onset within 7 days in the Departments
of Neurology of 12 hospitals to the data from the database of the Korean Health Insurance Review & Assessment
Service. We recruited 3,839 patients who were hospitalized between January 2011 and December 2011, had a
previous modified Rankin Scale of 0, and no acute hospital readmission after discharge. The patients were divided
according to the initial National Institute of Health Stroke Scale score (mild, <5; moderate, >5 and <13; severe,
>13); we compared the number of hospitals that admitted patients and LOS after stroke according to severity, age,
and sex.

Results The mean LOS was 115.6+219.0 days (median, 19.4 days) and the mean number of hospitals was 3.3+2.1
(median, 2.0). LOS was longer in patients with severe stroke (mild, 65.1+146.7 days; moderate, 223.1+286.0 days;
and severe, 313.2+336.8 days). The number of admitting hospitals was greater for severe stroke (mild, 2.9+1.7;
moderate, 4.3+2.6; and severe, 4.51+2.4). LOS was longer in women and shorter in patients less than 65 years of age.
Conclusion LOS after stroke differed according to the stroke severity, sex, and age. These results will be useful in
determining the appropriate LOS after stroke in the Korean medical system.
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INTRODUCTION of home discharge [1,2]. The increased length of hospital
stay (LOS), which is based on socio-economic factors

Korean stroke patients in the acute stage tend to delay (such as caregiver burden) rather than medical condi-
discharge or request transfer to another hospital instead tions, could hamper home and societal reintegration and
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increase the disease burden on society. To implement
adequate medical service delivery policy after stroke, a
thorough analysis of LOS from admission in acute care
hospitals to home discharge is necessary. Although a
population-based study reported that the mean LOS af-
ter stroke was 191.5 days, the authors analyzed only 77
community-dwelling survivors after brain disease who
were registered in the Korean registry for persons with
disabilities [3]. Additionally, the authors did not report
the LOS according to the severity of stroke.

Because the admission period including rehabilitation
could vary considerably depending on the severity of
stroke, stroke severity should be considered when inves-
tigating LOS [4-6]. In this study, we investigated the LOS
and the number of hospitals that admitted patients after
onset according to the severity of the stroke, which was
classified according to the National Institute of Health
Stroke Scale (NTHSS) [7].

MATERIALS AND METHODS

Data collection

We utilized the prospective cohort dataset used in
the Multicenter Prospective Observational Study about
Recurrence and its Determinants after Acute Ischemic
Stroke (MOSAIC) study. The dataset was prepared by
neurologists from 12 university hospitals in Korea from
2009, and hospitalized patients admitted for ischemic
stroke onset within 7 days were included in the data-
set. Between January 2009 and November 2013, 15,742
patients who were admitted for ischemic stroke in the

Table 1. Demographics of the patients

hospitals and who agreed to be enrolled in the study
were registered. We recruited 3,839 patients who met the
following inclusion criteria: (1) hospitalization between
January 2011 and December 2011, (2) first stroke (i.e.,
previous modified Rankin Scale [mRS] of 0), (3) no expe-
rience of acute hospital readmission after discharge, (4)
age >19 years, and (5) survival after stroke (i.e., mRS at
discharge from the first hospital #6) (Fig. 1). The variables
extracted from the database were registration identifica-
tion number; registered hospital identification number;
sex; age; onset date; discharge date; initial mRS score
and evaluation date; previous mRS score; discharge mRS
score and evaluation date; initial and discharge NIHSS
scores and evaluation dates; International Classifica-

15,742 Stroke patients agreed to the study

.

3,977 Patients with previous mRS=0 and
admitted from Jan 2011 to Dec 2011

'

3,940 Patients who had not recurred

-

3,937 Patients 20 years of age or older

.

3,883 Patients alive at discharge (MRS#6)

-

3,839 Patients with no missing data

Fig. 1. Flow chart of subject recruitment. mRS, modified
Rankin Scale.

Severity”
Mild (n=2,809) Moderate (n=686) Severe (n=344) Total (n=3,839)

Age (yr) 67.7+13.0 70.2+11.9 65.6+12.7 64.5+12.5
Sex

Male 1,724 284 182 2,308

Female 1,085 402 162 1,531
Age group

<65 1,278 240 103 1,621

>65 and <75 900 211 105 1,216

>75 and <85 558 186 103 847

>85 73 49 33 155

Values are presented as meantstandard deviation or number.
a)According to the initial National Institute of Health Stroke Scale score (mild, <5; moderate, >5 and <13; severe, >13).
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tion of Diseases 10th revision code for stroke (from I160-
169); and occurrence of cardiovascular disease including
stroke and myocardial infarction after registration. The
study protocol was approved by the Institutional Review
Board of the Bundang Seoul National University Hospital
in the Republic of Korea (IRB No. B-1508/310-114).

Data linkage

Extracted data from MOSAIC were linked with the da-
tabase of the Korean Health Insurance Review & Assess-
ment Service. Researchers can only access the outputs
in a secure environment, which has restricted access.
Linked variables from the database of the Korean Health
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Insurance Review & Assessment Service were hospital
numbers after stroke, LOS in each hospital, and charac-
teristics of the hospitals (tertiary hospital, general hospi-
tal, convalescent hospital, or others).

Data analyses

The patients were divided into three groups according
to the initial NIHSS score (mild, <5; moderate, >5 and
<13; and severe, >13), and we compared the number of
hospitals that admitted patients and the LOS between the
groups [7]. We used the Mann-Whitney U test for age and
sex, and the Kruskal-Wallis test and Bonferroni’s method
for severity of the stroke, to examine the differences
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Fig. 2. Length of hospital stay (LOS) according to the severity of stroke. The number of patients and length of hospital
stay according to the stroke severity. (A) mild group, (B) moderate group, (C) severe group, and (D) total group. The
dashed and solid line shows the average and median value LOS, respectively.
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among or between groups. A multiple regression analysis
was used to determine variables that had significant ef-
fects on the LOS and the number of hospitals. Because
the distribution of the LOS was skewed to the right, the
results of the analysis are described as the median and
25th and 75th percentile values.

RESULTS

Demographic data

The demographic characteristics of patients are listed
in Table 1. Of the 3,839 patients (1,724 males and 1,085
females), 2,809 were included in the mild group, 686 in
the moderate group, and 344 in the severe group. The
patients were classified into four groups according to
age (>65; 265 and <75; 275 and <85; =85); mean age was
65.6+£12.7 years [8].

LOS according to the severity of stroke

The mean LOS was 115.6+219.0 days (median, 19.4
days) and the mean number of hospitals that admitted
patients after stroke was 3.3+2.1 (median, 2.0). As the
severity of the stroke increased the LOS and the number
of hospitals also increased (Fig. 2). In the mild group, the
mean LOS was 65.1+146.7 days (median, 9.2 days) and
the mean number of hospitals was 2.9+1.7 (median, 2.0).

In the moderate group, the mean LOS was 223.1+286.0
days (median, 81.4 days) and the mean number of hos-
pitals was 4.3+2.6 (median, 4.0). In the severe group, the
mean LOS was 313.2+336.8 days (median, 171.1 days)
and the mean number of hospitals was 4.5+2.4 (median,
4.0) (Table 2).

LOS according to sex

The mean LOS was longer in women than men (Table 2).
However, only the women in the mild group, rather than
those in the moderate and severe groups, had a longer
LOS compared with that in the men in the corresponding
group. There was no significant difference between male
group and female group in every age group.

LOS according to age

In total, male, and female groups, the mean LOS was
shorter and the mean number of hospitals was smaller in
those <65 years of age compared to those between 65 and
75 years of age, and those between 75 and 85 years of age
(Table 3).

Regression analysis

The results of stepwise multiple regression analysis for
LOS and number of hospitals after acute stroke are sum-
marized in Table 4. We used the backward elimination

Table 2. Length of hospital stay according to severity of stroke

Severity of stroke

Severe (n=344) Total (n=3,839)

Mild (n=2,809) Moderate (n=686)
Length of stay (day)
Male (n=1,724) 46.3£107.8 240.9+293.3
8.6 (5.4-47.1) 79.0 (13.4-311.4)
Female (n=1,085) 61.8+137.8** 238.6+£287.3
9.6 (5.4-61.5) 89.0 (22.5-333.6)
Total 65.1£146.7* 223.1+286.0*
9.2 (5.4-52.3) 81.4 (14.8-324.4)
Number of hospitals
Male (n=1,724) 2.9+1.7 4.3+2.7
2.0 (2.0-3.0) 4.0 (2.0-6.0)
Female (n=1,085) 3.0+1.8 4.2+2.4
2.0 (2.0-3.0) 4.0 (2.0-5.0)
Total 2.9+1.7% 4.3+2.6*
2.0 (2.0-3.0) 4.0 (2.0-5.8)

330.2+346.6
169.4 (44.5-439.2)

378.7+325.3
189.2 (20.3-580.9)

313.2+336.8*
171.1 (36.8-550.2)

4.6+2.3
4.0 (3.0-6.0)
4.5+2.5
4.0 (2.0-6.0)
4.5+2.4%
4.0 (2.0-6.0)

92.1+193.5
15.7 (6.2-86.5)
111.1+210.5*
24.2 (6.3-134.0)
115.6+219.0
19.4(6.2-102.4)

3.3+2.0
2.0 (2.0-4.0)
3.4+2.1
2.0 (2.0-4.0)
3.3+2.1
2.0 (2.0-4.0)

Values are presented as meantstandard deviation or median (interquartile range 25th-75th percentile).

*p<0.01, **p<0.05.
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Table 3. Length of hospital stay according to age and sex

Sex

Male (n=2,308)

Female (n=1,531)

Total (n=3,839)

Length of stay (day)
Age <65 (n=1,621) 92.1+£193.5*
11.4(5.5-74.4)
108.9£212.1*
19.3 (6.5-90.3)
109.2+189.0*

28.5 (6.6-114.5)

65< age <75 (n=1,216)

75< age <85 (n=847)

Age 285 (n=155) 123.9+189.9
39.4 (6.5-148.0)
Total (n=3,839) 10.1+198.6

15.7 (6.2-86.5)

Number of hospitals

Age <65 (n=1,621) 3.242.1*
2.0 (2.0-4.0)

65< age <75 (n=1,216) 3.4+2.1*%
2.0 (2.0-4.0)

75< age <85 (n=847) 3.3+1.9*
2.0 (2.0-4.0)

Age >85 (n=155) 3.0£1.6
2.0 (2.0-3.5)

Total (n=3,839) 3.3+2.0
2.0 (2.0-4.0)

111.1+210.5*
11.1 (5.5-114.6)
139.6+241.8*
25.4 (6.3-143.2)
162.24277.1*
33.1(6.6-136.3)
143.7+250.6
39.5 (8.4-111.7)
137.5+244.9
24.2 (6.3-134.0)

3.242.1%
2.0 (2.0-4.0)
3.542.1*
2.0 (2.0-5.0)
3.542.1*
2.0 (2.0-4.0)
3.2+1.4
2.5 (2.0-4.0)

3.442.1
2.0 (2.0-4.0)

97.7+198.8*
11.3 (5.5-79.5)
122.24225.9*
21.1 (6.4-108.8)
136.7+240.3*
31.4(6.6-121.0)
135.6+228.1
39.4(7.5-134.8)
115.6+219.0
19.4 (6.2-102.4)

3.242.1*
2.0 (2.0-4.0)
3.442.1*
2.0 (2.0-4.0)
3.4+2.0*
2.0 (2.0-4.0)
3.1£1.5
2.0 (2.0-4.0)
3.3+2.1
2.0 (2.0-4.0)

Values are presented as meantstandard deviation or median (interquartile range 25th-75th percentile).

*p<0.01.

Table 4. Stepwise multiple linear regression analysis of
length of stay after stroke

df B R® F

Length of stay (day)

(Constant) -19.802 - 0.156 354.784

NIHSS* - 0.387 - -

Gender* - -0.062 - -
Number of hospitals

(Constant) 2.018 - 0.088 368.174

NIHSS* - 0.296 - -

NIHSS, National Institutes of Health Stroke Scale.
*p<.001.

method with three independent variables (NIHSS, age,
and sex), and the highest explained variance for LOS
after acute stroke was shown in the model when NIHSS
and sex were included (R*=0.156). The most significantly
correlated factors of the model were shown to be NIHSS

(B=0.387, p<0.001) and sex (B=—-0.062, p<0.001). NIHSS
was the only significant factor for number of hospitals af-
ter acute stroke (R*=0.088, $=0.296, p<0.001).

DISCUSSION

The mean LOS was 115.6+219.0 days (median, 19.4
days) and the mean number of hospitals that admitted
patients after stroke was 3.3+2.1 (median, 2.0). As the
severity of the stroke increased, LOS and the number of
hospitals also increased. The mean LOS was longer and
the mean number of hospitals were larger for older pa-
tients compared to younger patients.

The distribution of the mean LOS was positively
skewed, similar to the results observed in previous stud-
ies [5,9-11]. The LOS in this study was shorter than that of
a previous Korean study, in which the LOS was 191.5 days
after stroke [3]. In that study, the researchers collected
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data of stroke survivors who were listed in the Korean
disability registration system. Therefore, the previously
surveyed population might have included more severely
affected stroke survivors compared with those included
in this study. Another previous study in Korea reported
83.6 days as the LOS, but only patients admitted to a ter-
tiary hospital were included [1]. The mean LOS of stroke
patients in this study is much longer than that observed
in Japan (74.7 days) [12]. Prolonged LOS in Korea may be
attributable to socio-economic factors, such as the high
level of burden of care owing to the lack of social infra-
structure and services, and low medical fees in the na-
tional medical insurance system [3]. Studies have report-
ed LOS after stroke in Denmark (13.0 days), Singapore
(30.8 days), England (74.9 days in males; 74.7 days in
females), Taiwan (11.0 days), the Netherlands (28.0 days),
and Sweden (29.0 days) [4,5,10,11,13,14]. However, LOS
was analyzed only in tertiary hospitals in these studies.
Two studies in the United States (16.5 days) and Japan
(74.7 days) reported the LOS only in rehabilitation facili-
ties after discharge from tertiary hospitals, rather than
the total LOS from emergency room to home discharge
[12,15]. Therefore, it is difficult to directly compare the
results of those reports with the results of this study.

LOS was much longer in women than in men, in con-
trast to the findings of previous foreign studies [5,9,10,14].
In Korea especially, there is a socially accepted idea
of family-centered caregiving owing to filial piety and
familism, and the burden of caring for stroke patients
generally falls on the female caregivers [16]. Therefore,
in Korea, male stroke patients might have a better op-
portunity to secure the support of their caregivers (i.e.,
spouses) compared with female stroke patients. In this
study, age significantly influenced the median LOS, and
this result did not correspond with the results of previous
studies [4,5,9,10,17]. However, the prior studies classified
subjects into two age groups, at or above 75 years vs. less
than 75 years [5,10] or at or above 65 years vs less than 65
years [9]. These binary classification of age groups and
the difference in criteria for younger vs. older age group
could at least partially explain the difference of the re-
sults of this study compared to previous reports.

There are several limitations of this study. First, al-
though social support on discharge as well as eco-
nomic status are significant predictors of increased LOS
[1,3,18,19], we could not investigate these variables
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because only medical information was available in the
MOSAIC database. Second, the effect of rehabilitation
was not analyzed owing to the lack of data. Inpatient re-
habilitation services are a well-known determining factor
for cost and LOS after stroke, and stroke survivors who
receive rehabilitation might have shorter LOS than those
who do not [20-22]. Third, the type of stroke was limited
to ischemic lesions. Of the 3,839 patients, 3,340 were in-
cluded in the ischemic group (87.0%), 47 in the ischemic
stroke with hemorrhagic transformation group (1.2%),
and 454 in the transient ischemic attack group (11.8%).
The influence of the type of stroke is still controversial.
While one study reported there was no significant differ-
ence in the LOS between the hemorrhagic and ischemic
groups, another reported that the median LOS was longer
for hemorrhagic patients [9,10].

In conclusion, there was an apparent difference in the
LOS and the number of hospitals that admitted patients
after stroke according to the stroke severity based on the
NIHSS. This result could supply evidence for suggesting
the appropriate LOS after stroke in the Korean medical
system.
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