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Abstract This study aims to develop the severity-adjusted length of stay(LOS) model for acute stroke patients
using data from the hospital discharge survey and propose management of length of stay(LOS) for acute stroke
patients and using for Hospital management. The dataset was taken from 23,134 database of the hospital
discharge survey from 2004 to 2009. The severity-adjusted LOS model for the acute stroke patients was
developed by data mining analysis. From decision making tree model, the main reasons for LOS of acute stroke
patients were acute stroke type. The difference between severity-adjusted LOS from the decision making tree
model and real LOS was compared and it was confirmed that insurance type and bed number of hospital,
location of hospital were statistically associated with LOS. And to conclude, hospitals should manage the LOS
of acute stroke patients applying it into the medical information system.
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The Variation of Factors of severity—adjusted length of stay(LOS) in acute stroke patients
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(Table 1) Variables for developing severity—adjusted
length of stay model of acute stroke patients

Variables Definition of Variables
sex Male
) Female
-50
50-64 Grouped by a method of Health
Age 571 Insurance Review and Assessment
& Service
75+
Health care
Medicaid 1 . - o
Nedicaid 2 Defined as Medicaid beneficiaries
Insurance | Accident
Class Insurance o )
Automobile _cldssmed according to type of
insurance and other
Insurance
other
Admission | Emergency | . .
Route | Ambulatory Divided by a study method in UK
No
Death Yos
Hemorrhage | classified according to type of stoke in
definition of Health Insurance Review
Stroke and Assessment Service, based on
Type Ischemia | KCD-5 Disease Code Hemorrhagic :
160~162
Ischemic : 163
Operation No Classified based on principal surgery
Yes code

Elixhauser comorbidity index&

o]&-3F B3} Charlson comorbidity index& ©]-8-3F W
Hol AR em[8I14]15](16], A}, &5 T <=9 A
FAT-2] A A=) HAA ARE o] §sto] HEo

= W

ToE BA WS el SibdEs BAS
o] ATHI9I[20]. ofell & AelA= FrukaekS o]-8-af
o] FFEE HA=

index W3} Charlson

el Elixhauser comorbidity
omorhidity index %, CCS %

Q

W A7l o3 W] S5k B IS o8
3t S5 BA RS /el RY9UEE S Ut
T e NS 3 24 ZES sl

(Table 2) The method of comorbidity severity
—adjustment

Method Correcting Method
For 17 diseases defined by medical record
Charlson | review, each condition is assigned a weight
comorbidity | score of 1~6, depending on the risk, then
index correcting by using the sum of weight
scores|5].
Elixhauser | For 31 Elixhauser comorbidity —groups,
comorbidity | correcting by applying binary type to model,
index not converting into one comobidity score[6].

CCS(Clinical Classifications Software) is a
diagnosis and procedure categorization scheme
that can be employed in many types of
ccs projects analyzing data on diagnoses and
procedures, sponsored by AHRQ(The Agency
for Healthcare Research and Quality)[3]. For
this study, same as Elixhauser comorbidity
index, correcting by applying binary type to
model

category
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(Table 3) General characteristics of acute stroke

patients
Model Model
Variables Development Assessment
(2004-2007) (2008-2009)
N % N %
. Male 8501 52.5 3713 535
Sex Female 7690 475 3230 465
=50 2,351 14.5 1,040 15.0
50-64 5075 313 1976 285
Age 65-74 5150 318 2,186 315
o+ 3615 223 1,741 25.1
Health care 14,135 87.3 6,217 895
I“Scl;fszce Medicaid 1820 112 673 97
Other 236 15 53 0.8
Admission Emergency 11941 738 5,372 774
Route Ambulatory 4250 262 1571 226
No 15003 927 6,400 92.2
Death
Yes 1,188 73 543 78
Stroke Hemorrhage 5426 335 2219 320
Type Ischemia 10,765 665 4724 680
. No 13,765 850 5330  84.0
Operation
Yes 2,426 150 1,113 16.0
Total 16,191  100.0 6,943  100.0

3.1.2 2Mri&xte| SttEst 2
3.1.2.1 Charlson comorbidity index 7] EWHa%k &
T A FFTE BA ALY EYNE o)
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224 | The Journal of Digital Policy & Management 2013 Jun; 11(6): 221-233



The Variation of Factors of severity—adjusted length of stay(LOS) in acute stroke patients

= Furdsl 21y
Charlson comorbidity index 715 £vH2% <] 7
A3 Aol 00%2 71 iolouﬂ, Ay
WkehA] 982 i 184% 59 & %71] LFERSE

T =
=

o
£
1
iin)
B
td
ofl
=

T

)
=
o
)

r—11:

tjo 4o

ST A—

(T oot & 1o

A3t o] AL whyg =S ZHlslA] go
%6 717 w3tom, Hda A9 19.7% 59
= 2ARE T Table 4>.

o F off
N

H> 01

u

(Table 4) Distribution of comorbidity disease by
Charlson Comorbidity index

Model Model
Development Assessment
Diagnosis (2004-2007) (2008-2009)
Yes  Total Yes  Total
N % N N % N

Any malignancy, including
lymphoma and leukemia,
except malignant neoplasm
of skin

Metastatic solid tumor 41 03 16191 34 05 6943
Rheumatic disease 34 02 16191 15 02 6943
Mild liver disease 404 25 16191 132 1.9 6943

3,239 20.0 16191 1,369 19.7 6,943

10 16191 114 16 6943

Cerebrovascular disease

Chronic pulmonary

. 238 15 16191 104 15 6943
disease

Peripheral vascular

. 121 07 16191 73 1.1 6943
disease

Diabetes with chronic
complication
Hemiplegia or paraplegia 1,430 88 16,191 536 7.7 6,943

Peptic ulcer disease 253 16 16191 87 1.3 6943
Myocardial infarction 137 08 16191 27 04 6943
Congestive heart failure 449 28 16,191 184 2.7 6943
Moderate or severe liver

336 21 16191 160 23 6943

2 0216191 7 01 6943

disease
Renal disease 195 12 16191 109 16 6,943
Dementia 153 09 16191 80 12 6943
Diabetes without chronic o7 10 4 16101 1455 210 6943
complication

3.1.2.2 Charlson comorbidity index 7|5 W23k %]

e
HEF ] TR BA ALY 2 AT o
2} 9 mEAs EH*JX}?J Charlson comorbidjty index 7]
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ZAE A< Table 5>.
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(Table 5) Distribution of Charlson Comorbidity

index
Model Development Model Development
index (2004-2007) (2004-2007)
N % N %
0 8,448 52.2 3,509 50.5
1 4,658 288 2,148 30.9
2 1,977 12.2 769 11.1
3+ 1,108 6.8 517 74
Total 16,191 100.0 6,943 100.0

3.1.2.3 Elixhauser comorbidity index 7]%& Z-23t

A3} Elixhauser comorbidity
index 7% RHAE fo] A5 AT At 234
t 3 vz} 435%, 44.3%

=
MEHEY Gad Bl 202 B

(Table 6) Distribution of comorbidity disease by
Elixhauser comorbidity index

Model Model

Development Assessment

Diagnosis (2004-2007) (2008-2009)
Yes  Total Yes  Total

N % N N % N
AIDS/HIV 1 0016191 0 00 6943
Alcohol abuse 71 0416191 36 05 6943
Blood loss anemia 3 0016191 3 00 6943

Cardiac arrhythmias 1,068 6.6 16,191 630 9.1 6943

Obesity 3 0016191 1 00 6943
Congestive heart failure 362 22 16,191 149 2.1 6943
Coagulopathy 79 0516191 30 04 6943
Chronic pulmonary disease 311 1.9 16,191 133 1.9 6943
Deficiency anemia 8 0516191 35 05 6943

Diabetes, complicated 376 2316191 183 26 6943
1616191 97 14 6943
Drug abuse 3 0016191 0 00 6943
2941 18216,191 1,432 20.6 6,943

Depression 263

Diabetes, uncomplicated

Fluid and electrolyte

disorders 159 1.0 16,191

59 08 6,943

The Journal of Digital Policy & Management | 225



il
0x
L.
T
Ol

Bxtol S5 HAE MFAUL Holof

r
ro
re
1

Hypertension, conplicated 141 09 16,191 36 0.5 6,943

Hypothyroidism 57 0416191 38 05 6943
Hypertension, unconplicated 7,039 43.516,191 3,074 44.3 6,943
404 2516191 137 2.0 6943
4 0016191 5 0.1 6943
42 0316191 34 05 6943
Other neurological disorders 469 2.9 16,191 195 2.8 6,943
1438 89 16191 535 7.7 6943

Liver disease
Lymphoma
Metastatic cancer

Paralysis

Pulmonary circulation

; 45 0316191 25 04 6943
Disorders

Psychoses 19 0116191 9 01 6943

Peptic ulcer disease 210
cluding bleeding

Peripheral vascular disorders 122 0.8 16191 73 1.1 6,943

Rheumatoid arthritis/
collagen vascular diseases
Renal failure 202 1216191 106 15 6943

Solid tumor without
metastasis

Valvular disease 292 1816191 & 12 6943
Weight loss 18 0116191 4 01 6943
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(Table 7) Distribution of comorbidity disease by
CCS category

Model Model

Development Assessment
. . (2004-2007) (2008-2009)
Diagnosis

Yes  Total Yes  Total

N % N N % N

Diabetes mellitus without 9 g5y 13916 191 1445 208 6943

complication

Diabetes n_lelli‘tus with 31 2416191 188 27 6943
complications

Gout and other crystal . i
arthropathies 1,174 73 16191 555 8.0 6,943

Deficiency and other anemia 303 1.9 16,191 176 2.5 6943

Senility and organic mental 379 23 16,191

disorders 205 30 6,943

Other hereditary and degenerative

nervous system conditions 506 3116191 195 2.8 6,943

Paralysis 1,451 9.0 16,191 538 7.7 6,943
Other nervous system disorders 772 4.8 16,191 337 4.9 6,943
7,039 43516,191 3,074 44.3 6,943

Coronary atherosclerosis and -
other heart disease 478 3016191 225

Cardiac dysrhythmias 1,046 6516191 616 89 6,943
Acute cerebrovascular disease 1,929 11.916,191 751 10.8 6,943

Other and ill-defined
cerebrovascular disease

Essential hypertension

32 6943

519 3216191 277 40 6943

Late effects of 825 5116191 370 53 6943
cerebrovascular disease
Pneumonia 675 4216191 262 38 6943

Gastritis and duodenitis 528 3.3 16,191 230 3.3 6,943
Other liver diseases 366 2316191 102 1.5 6943
Urinary tract infections 449 2816191 198 29 6,943
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(Table 8) Model assessment using root ASE 3.2.2 B3o| A}
Model 5 =
Model Development Asse:iient CCSHGTS o] &5fo] o AMAAUN BHog &
2004-2 o 5 35 [Fi
ol (200472000 Cos200) % Bl $EE B 4995 RES [Fig. 119 2ol
Trai Test 1 . 5 : §
G e Test? e Ast, HEF @20 ALl GFE mAE
0 ) <
Root ASE Root ASE 10t ASE 7P F8e 2e HEF BARPolen, HEF
Charlson fegression 5960 4771 B SR FIALLTE 294 3HY, A
omrbidit Tree 5857 4755 34.36 )
CommIAY Neural - - 1956¥ = 8] AaAdds7t @Al vl 45
index Network 59.42 4758 3397
. . 3] =9}t} o Ty EE Fxlo] Aol oAEES-
Elixhauser egression 5895 47.06 3378 3 = Jolli HEF el Aol dF=
comrbidity I\?‘reeal 57.90 43.06 3440 R 2918 FAA e H9 A FEFT d94E X
. eur: o pe a9 Qr = =
Wdex oy G M9 mE o geduwdelglon, 349 A% A%, AU,
B Regression ?7.27 43.26 35.21 AUAR Fai A8 A B o 2 velydt) vpy]
CCS Tree 56.44 45.31 33.18 o - i o o 1=
Category Neural - _ T, lﬂleér, E—i%}ouj, ﬂ]‘[‘g] E[_}\(S] :‘q] Ook T o ﬂt‘é
Network 57.28 4705 34.89 _ = .
=& = =] —
ctwor X, FWH BRI ARATe] FE MR agle.
Hemorrhag
Desth
‘ YES ‘ | YES ‘ ‘ NO | YES
| 105 411, ‘ | 05 s ” 05733 | 105:69.07
N: 604 N: 11 N: 266 N: 155
ol ] [] [=] [»1] [=1] [=1 =] [»] [=] [»1 [=]
=2 | o555 I G [ [ o2 | 105:5539 I T " e [ G0 [ o5 o5 == ]
N: 6 N3 N: 57 N: 200 N: 65 i1 N: 25 [T N: 2779 N: 15 N 107 N1
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A A A Lone | Lwm I [ ow ]
Insurance
Z) CCS Category : )
» CCS3 : Bacterial infection; unspecified site “,;‘?;Zf“ ‘ |H?3"”:ﬂ“| | VES | | No |
» (€581 : Other hereditary and degenerative nervous | 1055066 ” 105:19.57 || 10811153 ” L0s: 3506 |
sys'em co"di'icns 223 N: L1417 N: 15 N: 1054
» (CS82 : Paralysis
o » (CS98 : Essential hypertension | \'E‘S | ‘ A‘O ‘ | v[‘s | | " |
-lOS:lAM -u:s:ssaz » ((S122 : Pneumonia ‘«_, ;‘ .00 0 :‘ 05 05
S i e » CCS129 : Aspiration pneumonitis ‘ i " i ” e ” i ‘
+ (CS130 : Pleurisy; pneumothorax; pulmonary collapse
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[Fig. 1] Severity—adjusted length of stay(LOS) model for acute stroke patients using

decision tree

The Journal of Digital Policy & Management | 227



2d HEF XY 53 B MY Holof 24E AL
2 Uehkon, o] vl Al EE e At 5 3.3 LIEZ x| ZEE BHA IRIUS olE 72
A2 EgAe ABAE e, e ¥, HH, F AR o] W} AEE HEF e =
I, 718, HEE FF ol HEF Sk ALl TE BA AYYs 5y Oig 14 2 S8E F
G vAE sHEe R FAREL. o s & ¢ JEE HEF dAe] FoE BA Al
LG 2 ol 49 HEF FAe] FTE BAY
ALLF AL F 307 A< Table 9>. ©] & &I

(Table 9) Prediction rules of Severity—adjusted length of stay(LOS) for acute stroke patients by
decision tree

- . Adjusted

D Prediction rules LOS
1 | Hemorrhage stroke And Paralysis YES And Death YES 203.5
2 | Hemorrhage stroke And Paralysis YES And Death NO And Pneumonia YES 125.7
3 | Hemorrhage stroke And Paralysis YES And Death NO And Pneumonia NO And emergency admission 9.8
4 | Hemorrhage stroke And Paralysis YES And Death NO And Pneumonia NO And ambulatory admission 715
5 | Hemorrhage stroke And Paralysis NO And Pneumonia YES And Pleurisy; pneumothorax; pulmonary collapse YES 2187
6 Hemorrhage stroke And Paralysis NO And Pneumonia YES And Pleurisy; pneumothorax; pulmonary collapse NO And Age 39

overt 75 )
7 Hemorrhage stroke And Paralysis NO And Pneumonia YES And Pleurisy; pneumothorax; pulmonary collapse NO And Age 06

under 74 )
8 | Hemorrhage stroke And Paralysis NO And Pneumonia NO And Chronic ulcer of skin YES 128.0

9 | Hemorrhage stroke And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And Urinary tract infections YES | 795
10 Hemorrhage stroke And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And Urinary tract infections NO 1115
And OP YES And Aspiration pneumonitis YES !
1 Hemorrhage stroke And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And Urinary tract infections NO 711
And OP YES And Aspiration pneumonitis NO And Other hereditary and degenerative nervous system conditions YES :
Hemorrhage stroke And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And Urinary tract infections NO
12| And OP YES And Aspiration pneumonitis NO And Other hereditary and degenerative nervous system conditions NO And| 39.9
Essential hypertension YES

Hemorrhage stroke And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And Urinary tract infections NO
13| And OP YES And Aspiration pneumonitis NO And Other hereditary and degenerative nervous system conditions NO And | 27.2
Essential hypertension NO

Hemorrhage stroke And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And Urinary tract infections NO

14 And OP NO And Insurance Class Medicaid or Other 207
15 Hemorrhage stroke And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And Urinary tract infections NO %55
And OP NO And Insurance Class Health care And Essential hypertension YES ’
16 Hemorrhage stroke And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And Urinary tract infections NO 161
And OP NO And Insurance Class Health care And Essential hypertension NO :
17| Ischemia stroke And Aspiration pneumonitis YES And emergency admission 2180
18| Ischemia stroke And Aspiration pneumonitis YES And ambulatory admission And Male 53.3
19| Ischemia stroke And Aspiration pneumonitis YES And ambulatory admission And Female 285
20| Ischemia stroke And Aspiration pneumonitis NO And Paralysis YES And OP YES 95.9

21| Ischemia stroke And Aspiration pneumonitis NO And Paralysis YES And OP NO And Bacterial infection; unspecified site YES| 79.8
Ischemia stroke And Aspiration pneumonitis NO And Paralysis YES And OP NO And Bacterial infection; unspecified site NO
And Insurance Class Medicaid or Other

Ischemia stroke And Aspiration pneumonitis NO And Paralysis YES And OP NO And Bacterial infection; unspecified site NO %1
And Insurance Class Health care )
24| Ischemia stroke And Aspiration pneumonitis NO And Paralysis NO And Pneumonia YES 40.2
25| Ischemia stroke And Aspiration pneumonitis NO And Paralysis NO And Pneumonia NO And Chronic ulcer of skin YES 61.5
Ischemia stroke And Aspiration pneumonitis NO And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And

26 OP YES 335
o Ischemia stroke And Aspiration pneumonitis NO And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And )7
OP NO And Urinary tract infections YES .
g Ischemia stroke And Aspiration pneumonitis NO And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And 593
OP NO And Urinary tract infections NO And Insurance Class Other o
29 Ischemia stroke And Aspiration pneumonitis NO And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And 206
OP NO And Urinary tract infections NO And Insurance Class Medicaid )
20 Ischemia stroke And Aspiration pneumonitis NO And Paralysis NO And Pneumonia NO And Chronic ulcer of skin NO And 136

OP NO And Urinary tract infections NO And Insurance Class Health care

228 | The Journal of Digital Policy & Management 2013 Jun; 11(6): 221-233



The Variation of Factors of severity—adjusted length of stay(LOS) in acute stroke patients

AEF, FOY AY 2, oha) 2, A9 7, o) wy
A 7, 54 782G Fol ABRAL ASTH 3
o s MEF B PEANLFE 13622 71
3 e Aoz ek, 84 NEF, vh 7, A
F, B, 71, A ) AS72 60 AT
2% BA0l A9 BRAAARE 28792 44 11 A
o ZASIT

3.4 HIEZ Bxiel S5E 230l B2 K
A B0|

HEF @A) AA AL} HEF FTE A
ALUS4 2o we} AER ¢F ALUSGe] Aol
3t HS 9obgk Ayl <Table 10>3 2t) A 74|
AEPHARE AR/ AFEAR /AN fxlse] X
g 7]} dE QLS A4 ALL5) 7P
=2 Ao Yehdon, AEws] 985r|F AAAY
HEF ] A ALLee HEF FTE B A
A 2o wet AEE oS ALdLGe] Apolo] dig
Hytg Febet A3 oS AdLFET A ALdd5Tt
=& 987)H A= AL O, B 5, A, A, Al
T Solrh o8 oEv|Te] WFREEE 100~29
W2, 300~499% /-2 oS ALL TRt AA AL
7} =e Ao Yehkon 500~999H 41,0008 4
ol ol F AL} A ALLFTL U] e
o7 zA} % 250

o
oo
1o
fr
N
)
(e}
ok
ox
=
ol
(L
i
A

(Table 10) Comparison of actual values and
predicted values

Measure  Adjust Mreragqutre
Variables N ment ed Adjust 9)
Value  Value od vale
Insurance  Health N
20,352 2149 2366 -217
class care 000
Medicaid 2493 3507 3445 062 ’
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Greonghk 1,368 2527 2387 140
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Jeju 380 2706 2368 338

Bed size 100-299 4228 2658 2381 277
300-499 3094 3078 2694 38 000

500-999 12221 2249 2543 294

1000+ 3591 1913 2461 548

Total 23134 2382 2521 -1.39
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