INTRODUCTION

= Cost of HAI (COHAI) estimation studies have therefore become
increasingly relevant, and this has been reflected in the
proliferation in such studies in the past few years. These
estimates can be used directly to assess the magnitude of the
infection burden, or in downstream applications such as cost-
effectiveness analyses of infection control measures.

® The accuracy of these estimates is of critical importance, as
inaccuracies can introduce bias and affect intervention
development (5~6). However, a review of the existing
literature has shown a large degree of variation in COHAI
estimation methodologies, ranging from simple comparisons
between uninfected and infected patients to the highly
complex using various statistical measures (7).

INTRODUCTION & OBJECTIVE

= Graves et al (8) have emphasized the importance of accurate
COHAIlI estimates, and the need for proper analytical
methodologies. Different analytical methodologies may result
in different COHAI estimates, thereby giving rise to problems
of accuracy. However, the differences in COHAIl estimates
using different methods in a universal insurance-based health
system like Japan remains unknown.

= In this study, we estimate the additional economic burden
associated with HAIs in a large-scale multi-institutional
analysis, and to explore the difference in unadjusted and
case-mix adjusted COHAI estimates. Risk-adjustments were
conducted using the regression analysis approach.
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METHODS

We utilized hospital administrative data from the Quality
Indicator/Improvement Project (QIP), which is a program
administrated by our department. In this program, member
hospitals from all around Japan voluntarily provide their
administrative data for analysis. These data include claims data
for diagnoses and procedures for each admission, with records of
all medications administered on a daily basis.

Our study sample included 14,282 patients with stomach cancer
who were discharged from 257 QIP member hospitals from April
2007 to April 2010. Minors below 20 years of age at the point of
admission, patients with below eight days and over 90 days of
length of hospital stay (LOS), patients who had other surgeries
before gastrectomy, and patients who were administered
antibiotics before gastrectomy. Hospitals with fewer than 30
cases were also excluded from analysis.

METHODS

Post-surgical HAls were identified using a novel method based
on antibiotic utilization patterns that we had developed (9).
This method was based on the daily antibiotic utilization and
ICD-10 codes available from administrative data. Patients
were identified as having HAIls if the reported ICD codes
indicated that an infection had occurred (10). patients were
also identified if they fell into any of the following categories:

Antibiotic utilization episodes beginning from the day of gastrectomy

that had durations longer than the modal duration for the hospital
where the case was based

Three or more antibiotic types used within a single episode of
antibiotic utilization

Antibiotic types changed or a second antibiotic added midway during
a single antibiotic utilization episode

Antibiotic utilization episodes unrelated to surgical procedures with
durations of more than four days
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METHODS

Hospital charges were measured in Japanese Yen, and converted to US
Dollars using Purchasing Power Parities rates. We compared COHAI
estimates produced using a simple comparison (with no case-mix
adjustments), with those produced using regression analysis.
Regression analyses were selected as they enable the inclusion of most
patients in the sample, and can account for variations in patient
casemix (11). These estimates were produced for the entire sample, as
well as at the hospital level.

The regression model utilized hospital charges as the dependent
variable, and independent variables of age, sex, comorbidities upon
admission, type of gastrectomy, pre-surgical length of stay, and surgery
duration. The models were used to produce expected values. Risk-
adjusted hospital charges were calculated by dividing the observed
values by the expected values, and multiplying the result with the mean
hospital charges of the entire sample. Differences in means were
analyzed with Mann-Whitney U test.

RESULTS

After exclusions, the final sample size was 12,255 patients
from 151 hospitals. Post-surgical HAIl incidence was measured
at 27.6%, with an inter-hospital range of 4.1% to 48.4%.
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Figure : Hospital-Acquired Infection incidence at Hospital Level
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RESULTS

® Simple unadjusted COHAI estimates had a mean of
US$13,479 for uninfected patients and US$17,555 for
infected patients. Therefore, an HAl was associated with an
increase of US$4,076 per patient when unadjusted for
variations in casemix.

® However, when patient case-mix was adjusted, the COHAI
estimates had a mean of US$14,442 for uninfected patients
and US$17,415 for infected patients. In this case, an HAIl was
associated with an increase of US$2,973 per patient, which
was significantly lower than the unadjusted costs (p<.001).

RESULTS

Unadjusted Hospital Charges Risk-Adjusted Hospital Charges

Minimum Maximum Mean Minimum | Maximum Mean
Uninfected Patients 10,913 17,943 13,479 11,909 17,768 14,442
Infected Patients 12,307 25,174 17,555 13,198 24,426 17,415

Table: Minimum, Maximum and Mean unadjusted and risk-adjusted hospital charges for
uninfected and infected patients. Values are in US dollars.
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DISCUSSION

® The results show that failure to adjust for variations in patient
case-mix produced a very different COHAI estimate, which
produces misleading results. The unadjusted COHAI estimates
showed an overestimation of US$1,103 on average per patient,
which can affect downstream decision-making and result in
the overutilization of resources for infection control. This
emphasizes the need for analysts to account for patient case-
mix variations, as well as utilizing appropriate methodologies
to estimate COHAI.

= We also observed that even after risk adjustments, there was
a large degree of variation among the hospitals in spending.
This may indicate the existence of practice variations, and
deserves further analysis.

11

DISCUSSION

® This study is the first to produce estimates of COHAI using a
large-scale multi-institutional analysis based on
administrative data in Japan. We have quantified the cost of
these infections after adjusting for intrinsic variations in
patient case-mix, which can support the decision-making
process in infection control measure development.

= Furthermore, we have also quantified the COHAI at the

hospital level, which can be given as feedback to each
participating hospital, who can then evaluate their own
performance.
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BMOIEEDEOE LR OBEA KRB L OYEAIE & OREGR

Hb B
L. Bx

3. HiE

4. fESR

R OBARENEROBICE 2D DEMTOVT, BXE TSI T
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OB T AHEIZRNEE R o7, £7-. BEEROE L OBENMLNT
WBIEBIE A BRE ORE L BRT TN H Y | BHERBORELHADTD
ICIEGIEEZBRT HAUERDHDHTEA D,

RBFFETIL, B OHEEICB W TRIRE ORI LEFARISERDOE &
ED LY RBRICHDNERST S,

RAERKFERBEFPHE CONET —F (QIP: Quality Indicator/
Improvement Project) 2T 2008 €£ 4 A A5 2010 4 3 A £ TO 2 FITSML
FREZE 30 JEBILL E DT — 2 % 4,2 172 FbE D DPC 7 — & & AV iz, FFEEIC,
JEFIE A RS, SOICEICEETHIEIEL LT, VAHERECE, Yok
BERIEE (T AU v 878 w1 — ACEL b L < IZ ARB 23405 E N7z h i),
30 BUANBFARRERZ L NCERABREZEL L, 72, FER DPC FH LRI
MHAFRENET —ZZESOTAKLBHEEICBIT 2 ZKREEBEED —
TAE = o= 2w U (HHD) ZRHE LR L -1 20T 7= {E
ERAEOEE (RELRDIEFEHEEENE) & Lz, AROEFKDZE -
D IEBREO ZIREREBORAE DM - B3I, TRETRMEZ IR A
EOT7,

FRIETRIT, BEATREE 6. 13%, BEATRET.03%TH D | FEFIZHEE 6. 18%, JE
BIDBET. 00% CTh o7, £, EFZL - FETREETIL 6. 04%. EFIZ - BHEH
B£6.29%, FEBID - BEEIREE 6.20%, JEFID - BEBHT.87T%THY, AR
T2V (p=0. 079) , FEFHB LUOBHEEDOEDOHRIZES T 2HEEB AL
N, AUBREATOLRBECROIESDENBRYRENI Ebbho
oo OB BERE O —EIZ b FROMR A R bz, EF L~V TDOLED
VAT ZEURSHT TR, FETITDEFIRDOAFE (> Xt 0.762~0.997)
CBEE LT, BABRICIIHREGEDAHE (4 v AL 0.262~0. 805) [ZB# L7z,

REEEICHRANR D A7, —B LERFNABREIBE O h o703,
FEBIEZINZ T, BAREAEICEET 5 AR RIS E TE R, R EH L
EZONDEFABOEELER L TH, FRROBGRENEROEIZEDKE
BEEZDFREERSH D, LOVRERT—F THRETHZENEEND,
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- ERIEHEA ORI, FISHERANSEREDEE LITAHEN
WETHS

- BERRRICETOEREEAAMEEICEILL, REFEOHEEE
ERDELOBRENMOILENDHD

@ Arrow, 1963; Gaynor, 1994 2
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a8ari, 2002; Rogowski et al., 2007

b propper et al., 2004; Volpp et al., 2005

¢ Mukamel et al., 2001

dKessler and McClellan, 2000; Gowrisankaran and Town, 2003; Kessler and Geppert, 2005 3

- BF

-SEATHREIEEL

-FAYAEILESERBERKR S X T L (Universal Health Insurance)
-EREIIATEMEO-HREROFHEES MNMEBA~ZELIZA

+ HILEROELFRE OIS DRERMEDERELIL,

-FAREEOBREEREL T, FRERSBNMERDEICET AEHINS
FY.ERODEZ LTS

-EEOEZLITAERELTEZAON, BEEBKRE-THEE.
DT ATAT =R ICHASES

4

80



AEDHFEEICBVLTHEEF OB SR EE

EEEGIHA ., EEDELEDLSRERFRIC
HOMERAT D&

. F—4

~ QIP(Quality Indicator/ Improvement Project) 7 —4
~sPEHDPCEHENHRD BATSN T —5, 20084

- HR

- 20084 M B2010FE3AETITULHEZEDEELI—F (EERABDICD-
10H 121 | CHREDIER) DFFFET H58E518,3664 (190¥%5E)

- BROVEEE
- ERBHEA0BE L EDEE
- AlRR24M R T L -BE
- SEBIEAN5LL T DRk

- TRIREOHHLD | 8
’ 81



- BHEH
- 90 H LA D AR 5E 1o 3Ra

« MIAEH

BERHE Rkt
Fn HEREMNESIH
T4 7l ERIAFAR(RM. 289, B3L)
2{54% 42 (Co-morbidities)® R ER(300LL L)
FEEZ L (Infarct location)® IDERIEZE D AEHI 3L
Jm B fE D #i & B (HHI)

2the Agency for Healthcare Research and Quality (AHRQ, 2000)
b the Ontario AMI Prediction Rules (Hayashida et al., 2007; Tu et al., 2001) 7

» Y=y MWiEH AL IO EE: HEHER
- 348D — REEE?
=BV HMY T D OERICEON ST EIT A

« FFIREIDEES DFEIE: Herfindahl-Hirschman Index(HHI)

- I—rybOHRDOFEREH# L. TNBIZXKS TS5 ED J1(Market
powen)Z &t H1E1EC

- EERFFTEUEDN, ERRFECORRMORS LA
BHEBELT, DA TS

AEAEFEE, 2008

b Gaynor and Vogt, 2000; Wong et al., 2005

¢ Zwanziger et al., 1994 8
d'Wong et al., 2005
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- HHIDEE

(f51) e

A B C D E F
I—ybTO 035 025 020 0.15 003 0.02
EFBDEE

HHI = (0.35)? +(0.25)2 + (0.20)%+ (0.15)% + (0.03)? + (0.02)?
=0.1225 + 0.0625 + 0.04 + 0.0225 + 0.0009 + 0.0004
=0.2488

- 0lTE DK, T2 EES

- 1TEDKE, MG -Eh 9

* Multilevel Logistic Regression

— Generalized Linear Mixed Model (GLMM)Z{#L\, =D MMultilevel
logistic regressions?

YT Z ¥ | Empty Model | Model 1 Model 2 Model 3
Fin Fhn Fhn
BERE £ 5 5l Al
BlER% BliER4 L
EZERRAL EE EERAL
LERER HERR
R BRI ELR BRILER
ARE(300LLE) | FRFARER(300LL.E)
DEFEEDEGNE | DAEEDEHLK
maE RIEEDREEE

- falRZ E DR AFE RS (intra-class correlation) N FET 518, BEHELAN
JLTTDusual random error term&EFRPBEL A )L TDrandom interceptZz B AL

aBolker et al., 2009 10
b Goldstein, 1995; Merlo et al., 2005; Merlo et al., 2006
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» Multilevel Logistic Regression Model Evaluation
- DIC (Deviance Information Criteria): ETILDEEEDIEIEELL TORE?
- ¢ statistics: TG EHEEDIERELTORED

* Jonckheere-Terpstra (JT) Test
- IBEFEDH L L EBICE T, IBMNHHWNITBAMERIZHDHH
EIMEIRTE®

- #EVIR
- IBM SPSS statistics version 19 & SAS version 9.2
2 Speigelhalter et al., 2002

b Centor, 1991
° Bewick, 2004 11

Variable Number. %
Gender
Female 5,065 27.6
Age (years)
<60 4,257 23.2
60-69 4,794 26.1
70-79 5,040 27.4
80 + 4,276 233
Co-morbidities
Shock 1,545 8.4
Pneumonia 373 2.0
Cancer 379 2.1
Chronic renal failure 708 3.9
Co-morbidity group 12 2,312 12.6
Co-morbidity group 2P 6,291 34.3
Infarct Location
Anterior 5,963 32.5
Inferior 4,988 27.2
Subendocardial 146 0.8
More than one 32 0.2
Other 7,232 394
90-day In-hospital Mortality 1,784 9.7
N 18,366
a Cerebrovascular disease; diabetes with complications; liver disease; pericarditis or endocarditis.
b Acute renal failure; cardiac dysrhythmia; congestive heart failure; pulmonary oedema. 12
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Variable Mean(SD) or Number. %

Major teaching 161 84.7
Hospital ownership (reference: Municipal)

Publicly-owned 81 42.6

Privately-owned 66 34.7
Beds over 300 (reference: beds<300) 131 68.9

AMI case volume (reference: Low (<88))

Medium (89-157) 63 33.2

High (158+) 62 33.0
HHI 0.41(0.29)
N 190

HHI, Herfindahl-Hirschman Index

AMI case volume is the estimated case volume over two years based on data utilized in our study

QOdds Ratio

Variables Empty Model Model 1 Model 2 Model 3
Sender (reference: male) 1283 12747 1271
| Age (reference: <60) |
[ 60-69 ' 1.425™ 1.423" 1423

70-79 2.633" 2.625™ 2.620"*

80 + 6.959™" 6.910"* 6.896""

Co-morbidities

Shock 4.894"* 4914 4914™

Pneumonia 2,773 2737 2,757

_.Cancer 1370° 1.363 1361

Chronic renal failure 2.545" 2527 2,529

Co-morbidity group 12 1.303" 1.279™ 1.279"

Co-morbidity eroup 2° 1.786™" 1,781 1781

nfarct Location (reference: Anterior)

Inferior 0.604"** 0.599™* 0.599"*

Subendocardial 0321 0.309* 0.307°

More than one 2.056 2.038 2.022

Other 1.645" 1.649** 1.647"

Major teaching or not (reference: Major) 0.854 0.846

Hospital ownership (reference: Municipal)

Publicly-owned 1.153 1.239

Privately-owned 0.997 1.092

Beds.over 300 (reference: beds<300) 1150 1175

AMI case volume (reference: Low (<88))

Medium (89-157) 0.440"* 0.437™
demdigh, (158+) 0.373* KT
| HHI ; ) E 1.374

] ering

i 1.481 1.549 1.450 1.447 g
) RT3 R WL e
| C statistics | osis 0.817 0817 |
“Deviance Intormation Criteria (DIC) 96,827.487 104,604,703 104,856.974 104,901 462

Notes: Statistical significance is indicated as follows:*p<.05,"* p<.01,"* p<.001.
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Variable Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
N 3147 3288 4060 3519 4359
i HHI 0.10 (0.03) 0.22 (0.03) 0.32 (0.02) 0.44 (0.06) 0.87 (0.17) E
Gender 25.4 27.3 27.9 28.0 28.7
Age
<60 23.1 24.0 22.5 23.9 22.6
60-69 283 26.7 259 25.6 24.6
70-79 26.7 27.3 27.0 27.5 28.4
80 + 21.8 22.0 24.6 230 243
Co-morbidities
Shoc 8.5 3.6 8.3 8.0 8.6
Pneumonia 3.8 1.4 2.0 1.5 1.6
Cancer 2.0 1.8 2.1 2.8 1.7
o Shronic renal failure 24.9 18.7 228 23.0 25.1
Co-morbidity group 12 16.1 11.2 12.8 11.3 11.9
T G-MorbIaity group 20 3576 318 33.6 35F 350
Infarct location
Anterior 35.1 34.9 31.8 28.8 324
Inferior 30.0 27.0 26.3 26.2 26.8
Subendocardial 1.3 0.5 1.5 0.3 0.4
More than one 0.1 0.2 0.1 0.3 0.2
Other 33.5 37.5 40.2 44.3 40.2
aCerebrovascular disease; diabetes with complications; liver disease; pericarditis or endocarditis.
b Acute renal failure; cardiac dysrhythmia; congestive heart failure; pulmonary oedema. 15

HHI, Herfindahl-Hirschman Index

p=.051

14 -

[y -
ES o o0 o ~
5 f

90-day In-hospital Mortality rates, %

N

. Obseved Values

HHI, Herfindahl-Hirschman Index

p<.01

p=.854

Expetced Values Aftes

. Adjusting For Patient

Characteristics

Risk-adjusted Values ter
Adjusting For Patient

Characteristics

Quintiles of Hospital Compeltxon

Expetced Values ﬁer

.| Adjusting For Patient And
| Hospital Characteristics

Excluding HHI

oQl BQ2 ©Q3 @Q4 BQS
p=0n P<.05
‘ —

Risk-adjusted Values After
Adjusting For Patient And
Hospital Characteristics
Excluding HHI

P values were determined using Jonckheere-Terpstra testing for comparison within hospital competition.

86

18




s EEOEIZBITAESDOEE
EREOBENENEEENDESHEE
T A)ATITh = iTHEE—H T HHE R

-EBEORTEL., RIEEIOREEENTSWVELEVNETKEL
ENRoNT-

RREOBRSENABLETIE. BEEEHDIEL, TNAEE
DRTICHEELERIZTTEEZLNS

-RABERTERI FEEENE TN EEOENRLLER
NMRETHIICEETHD
2K essler and McClellan, 2000; Gowrisankaran and Town, 2003; Sari, 2002; Rogowski et al., 2007; Kessler and Geppert,
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2Tu et al., 2001; Thiemann et al., 1999
b Allison et al., 2000; Rosenthal et al., 1997; Ayanian and Weissman, 2002 18
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Zero Sum Competition

| EEEEHENES . DEY (EIHATS
DTS BB B BELNES

Positive Sum Competition
EROMELZR ESE55H%

19

- EUGEENRESH, BUGEREEYED AT LN =TET
NIXE57%EN

- BYEA U TATRRESNTHL, LADTHEZEATD
MNERZEINRETHS

. BRICBITA=DDFRE
HIRAE OIS

j_15']) RN THELREEBTNY S L&Y, EREHEEZHFLY
%

95 R 3 (Hhig) 7 M T DR RE EIRFT D 75 & (Porter, 1998)
) BEECHRRICELREEEIOYSLEEELEY., E3H—L1=YUT 5
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2Kessler and McClellan, 2000; Zwanziger et al., 1994
b Gaynor and Vogt, 2003
¢ Kessler and Geppert, 2005 21
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Readmission Rate for Health Care Delivery System Assessment

Tetsuya OTSUBO and Yuichi IMANAKA

Department of Healthcare Economics and Quality Management, Kyoto University

Abstract Objectives: The health care system in Japan has undergone major changes, with increasing
focus on specialization and continuity of care in its organization and delivery. Reducing the average length
of stay is central to this plan. Readmission is often seen as an avoidable consequence of early discharges.
And therefore, the readmission rate is used to assess the quality and efficiency of care. In this study, the
main subjects in the implementation of readmission rate as an indicator are laid out and the framework for
readmission in acute myocardial infarction (AMI) patients is applied.

Methods: Literature review concerning readmission in AMI patients was conducted to understand
the key points of the framework of the readmission. We then used insurance claims data to implement read-
mission as an indicator. The study sample consisted of 2,332 patients hospitalized due to AMI in Kyoto Pre-
fecture from April 2009 to March 2010.

Results: The 30-day readmission rate after AMI discharge was 3.7% (87/2,332), with the majority of
these admissions due to coronary disease (38%). This rate was extremely low compared to the results
reported in other countries, with readmission rates as high as 20% observed in the US. However, we
observed that countries with high readmission rates had correspondingly short lengths of stay (LOS), and
countries such as Germany and Japan with low readmission rates had long LOS.

Conclusions: The readmission rate in Japan is low compared with those in other countries although
mean LOS is long. The use of readmission rate may have applications in understanding trends in healthcare
quality as Japan attempts to reduce LOS durations.

Key words: myocardial infarction (UA5HEZE), readmission rate (FFABEE),
insurance claims data (fRFEFER T — #), health care quality assessment (FEHE DB L)

#

il

procedure combination) 7% EBR#EMMT x—<w v PRI B
T2, TH, FAIEERINh, EEFEHERBRR

PAERDOEERBIRCRE T, T ¥FvARESER
OEBRE I TEFELELTERFENT Fo—F2 LD,
HELEBRERTRS C EAHRNCEcEE L It
TETW5, FCTIEIERERBROLMEE, MK
HRENIERAA TSI NS sy, DPC 5 —4% (Diagnosis

EM2001F11A9H, TE201U1F11A18H

Reprint requests to: Yuichi IMANAKA

Department of Healthcare Economics and Quality Management Grad-
uate School of Medicine, Kyoto University, Kyoto 606-8501, Japan
TEL: +81(75)753-4454, FAX: +81(75)753-4455

E-mail: imanaka-y@umin.net

l62]

91

CEXBEEO VLT MERESERBT - 2 FIIEH o
BEMBELITbhTEl, Ihbicly, EFEEERA
DHEHT, HIRBAL L\ - AR 7B T4 AR, 8
B, BREVAT LAY ERTLIERTREL 25,
B AT A OHIBRELEE, HEELv <1 LEE BEE
OE, B, 2 A MOREICI D IRENB T LB S\,
e TLEARERL, 7o bh A LHEeLETBEL L
T, BERBEOLZRLTEEERESCSEEMOEES
HEEOBELLE . TOBAMBRERL LT, BE
HREL, BERBRYEL, —CBETFHUETHS
b, BREEEF T ENBTFLRTER,



