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Association of hospital resource use with comorbidity status and patient age
among hip fracture patients in Japan.
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Association of hospital resource use with comorbidity status and patient age

among hip fracture patients in Japan.

Ishizaki T, Imanaka Y, Oh E, Kuwabara K, Hirose M, Hayashida K, Harada Y.

Abstract

Objectives: This study examined the association of resource use with comorbidity status and
patient age among hip fracture patients who underwent surgical treatment. Design: We used a
database from the Voluntary Hospitals of Japan Quality Indicator Project that involved 10
privately owned leading teaching hospitals in Japan. Setting: Four of these hospitals in Japan.
Participants: We selected 778 operable hip fracture patients aged 65 or older who were
admitted to these hospitals between January 1996 and August 2000 (mean age: 80.3£7.3
years). Measurements: A lincar mixed model was performed to identify factors associated
with the resource use, such as total length of stay (LOS), LOS before surgery, LOS after
surgery, total hospital charges, charges for diagnostic examinations, charges for surgery, and
length of theater time, among operable hip fracture patients. Results: The mean LOS was 45.9
days, and the mean total hospital charges were US$14,495.0. Results from linear mixed
models revealed that higher age was significantly associated with shorter length of theater
time (P < 0.01), and that the presence of comorbidity among hip fracture patients was
significantly associated with longer total LOS (P < 0.01), longer LOS after surgery (P <
0.001), higher charges for diagnostic examinations (P < 0.001), and shorter length of theater
time (P < 0.01). Conclusion: These results suggest that the presence of comorbidity among
operable hip fracture patients requires greater resource use during their hospital stay, but

higher age is not significantly associated with greater resource use at all.

INTRODUCTION

It is often said that total health expenditures increase with age among older patients.'
Some studies have failed to identify any association between advanced age and higher health
expenditure [1], while others identified just such an association [2-4]. On the other hand,

some studies revealed that comorbidity status rather than age was significantly associated with

20



higher costs in acute care settings [1,5]. Since we consider that inconsistency among these
results may be caused by differences in required treatment among study subjects [3, 5, 6], we
must take into account each specific disorder when we examine whether or not resource use for
older patients is greater than that for younger patients.

In an aging society, hip fracture is an important outcome for patients with osteoporosis.
In Japan, the incidence of hip fracture among women aged 70 to 79 was estimated as 40 per
10,000 persons per year in 1997 [7]. Because patients with hip fracture are almost always in
need of hospitalization, surgical treatment, and rehabilitation, they become a heavy
socioeconomic burden to any society. However, few studies have examined the association of
hospital resource use with patients’ age and comorbidity status among hip fracture patients [8],
despite several studies having identified actual costs for acute care as well as rehabilitative care
for them [9-11]. Because the national health expenditures in Japan annually increase as the
population of older people increase, the Japanese government tries to reform payment system
of health care for older people. 'We believe that it is important for health authorities in aging
countries to examine whether or not resource use for older patients is greater than that for
younger patients. In this study, we examined the association of patient age and comorbidity

status versus hospital use among hip fracture patients in Japan.

METHODS

Data Sources

This study was approved by the Institutional Review Board of Faculty of Medicine,
Kyoto University Graduate School of Medicine, Japan. We used a database from the
Voluntary Hospitals of Japan Quality Indicator Project that involved 10 privately owned
leading teaching hospitals in Japan [12]. These hospitals are located in Hokkaido, in the
north, thronghout Honshu, the main island of Japan, to Kyushu, in the south. Records of all
discharged cases have been collected from these hospitals since 1995.  In this particular
study, we selected four out of 10 teaching hospitals that had more than 90 admissions of hip
fracture patients from January 1996 to August 2000. All four hospitals provided community
residents with tertiary care. The mean number of general beds in the four hospitals was 692
in 2000. Each hospital in this study had similar characteristics to the teaching hospitals.
Because the database involved all inpatient admissions, only hip fracture patients who
underwent surgical treatment were included as the subjects in this study. To identify hip

fracture patients among all inpattents admissions in the database, we used the International
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Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). We used the
selected hip fracture diagnostic code (820.xx) for primary diagnosis. In addition, to
determine the type of hip fracture surgery performed, we used ICD-9-CM procedure codes.
We used hip replacement (81.51 and 81.52) and open reduction of hip fracture with internal
fixation (79.3).

Definition of Variables

The variables used in this study were age, gender, hospital, surgical procedure,
comorbidity status, place of residence before admission, discharge destination, total length of
hospital stay (LOS), LOS before surgery, LOS after surgery, total charges during
hospitalization, charges for diagnostic examinations, charges for surgery, and length of theater
time. The surgical procedure was classified as either hip replacement or open reduction of
hip fracture with internal fixation. To assess comorbidity conditions we used the
Dartmouth-Manitoba adaptation of the Charlson comorbidity index [13-15]. A patient was
identified as having comorbidity 1f he/she had any of the following diseases coded in his/her
diagnosis: peripheral vascular disease, dementia, chronic pulmonary disease, connective
tissue disease, mild liver disease, diabetes, diabetes with end organ damage, renal disease, any
tumor including leukemia and lymphoma, moderate and severe liver disease, or metastatic
solid tumor. Then comorbidity status was divided into two groups with one or more
comorbidity condition and no comorbidity. Total charges for the study subjects were
calculated by summing any charge billed during hospital stay (US$1 = JPN¥120) {e.g.
diagnostic tests, imaging, prescriptions, injections, surgery, anesthesia, in addition to room,
board, nursing, and physician’s management on a daily basis). Charges for diagnostic
examinations were calculated by summing charges for laboratory tests and imaging.
Charges for surgery were calculated by summing charges for surgery and anesthesia.

Four hospitals had a total of 865 hip fracture admissions with surgical treatment over
a four-year and eight-month period. We excluded 87 hip fracture patients who stayed in
hospital for more than 90 days. Thus, a total of 778 patients who underwent surgical

treatment were analyzed in this study.

Statistical Analysis
Differences in patients’ characteristics by hospital were analyzed for continuous

variables by one-way analysis of variance, and for categorical variables by Fisher exact test.
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Differences in hospital resource use by age group and comorbidity status were analyzed for
continuous variables by either Mann Whitney test, a one-way analysis of variance, or the
Kruscal Wallis test, and for categorical variables by Fisher exact test. A linear mixed model,
which involved both fixed- and random-effects factors, was then performed to identify factors
associated with the resource use [16]. Dependent variables in the linear mixed model were
total LOS, LOS before surgery, LOS after surgery, total hospital charges, charges for
diagnostic examinations, charges for surgery, and length of theater time.  All of them were
assumed to be normally distributed in each model. Independent variables in the model were
age, gender, surgical procedure, hospital, and comorbidity status. Discharge destinations
were also used as an independent variable in the model for total LOS, LOS after surgery, and
total hospital charges. LOS was also used as an independent variable in the model for total
hospital charges. In the linear mixed models in this study, hospital was used as a
random-effects factor and other independent variables were used as fixed-effects factors.
Fitting hospital as a random-effects factor, we assume that there is an infinite set of privately
owned teaching hospitals in Japan (a population of privately owned and leading teaching
hospitals in Japan) and we consider the hospitals in the present study as a random sample
from that population [16].  All analytical procedures were performed using the SAS
statistical package Version 8.2 [17]. All reported P values were two-tailed, and the level of

significance was P < 0.05.

RESULTS

Table 1 shows characteristics of 778 hip fracture patients, such as age, gender,
surgical procedure, comorbidity status, and place of residence upon discharge. There were
no patients with two comorbidity conditions such as mild liver disease and moderate or severe
liver disease. Table 2 shows results of bivariate analyses to examine differences in resource
use by either age class or comorbidity status among all hospitals. The results show that there
were significant difference in total charges, charges for surgery, and length of theater time by
age (p<0.01). Total charges, charges for surgery, and length of theater time, decreased with
increasing age. In addition, the results indicated that hip fracture patients with any
comorbidity condition had significantly longer total LOS, longer LOS after surgery, higher
total charges, higher charges for diagnostic examinations, and higher charges for surgery (p <
0.05).

Tables 3 and 4 show results from linear mixed models to identify factors associated

with hospital use, such as total LOS, LOS before surgery, LOS after surgery, total hospital
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charges, charges for diagnostic examinations, charges for surgery, and length of theater time.
The variance components for hospitals were much smaller than the residual in all models.
This indicates that most of the variation in the data was due to differences between hip
fracture patients and not to differences between hospitals. After adjustment for the
random-effects of hospitals in the mixed models, these analyses revealed that higher age was
significantly associated with shorter length of theater time (p < 0.01), and that patients with
any comorbidity condition were significantly associated with longer total LOS (p < 0.01),
longer LOS after surgery (p < 0.001), higher charges for diagnostic examinations (p < 0.001),
and shorter length of theater time (p < 0.01).

DISCUSSION

We examined the association of patient age and comorbidity status with hospital use
among hip fracture patients in four teaching hospitals in Japan using a linear mixed model that
treated hospital as a random-effects factor. The linear mixed model in this study identified
that higher patient age was significantly associated with shorter length of theater time. Other
linear mixed models identified that the presence of a comorbidity condition among hip
fracture patients was significantly associated with longer LOS, higher charges for diagnostic
examinations, and shorter length of theater time. Thus, these results suggest that the
presence of comorbidity among operable hip fracture patients requires greater resource use
during their hospital stay, but higher age is not significantly associated with greater resource
use at all.

This study identified that higher age of operable hip fracture patients was associated
with neither longer length of stay, higher total charges, nor higher charges for surgery.
Contrary to these results, one study showed that mean hospital cost and length of stay for
surgical patients in an academic medical center in the US increased with age by a bivariate
analysis, and concluded that surgical patients aged 70 or older were probably more severely ill
on average than younger patients [3]. Our study focused on only hip fracture patients who
underwent hip surgery in four teaching hospitals in Japan. Hip fracture surgery for older
patients in Japanese hospitals is often undergone as delayed surgery rather than emergency
surgery. One possible reason for this is that Japanese orthopedists are likely to undergo hip
fracture surgery for older patients after the patients’ comorbidity conditions were completely
examined. In the present study, 99% of the subjects underwent hip surgery two days after

admission and their average length of hospital stay before surgery was about six days. In
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this study, we consider that patients who underwent delayed surgery are more likely to be
healthy and less likely to have iatrogenic complications after surgery than patients with
emergent surgery. In addition, only 84% of hip fracture patients involved in this study had
no comorbidity, despite their average age being 80 years (Table 1). Furthermore, the mean
age of hip fracture patients with comorbidity did not significantly differ from that of patients
without comorbidity (data not shown). Therefore, we suppose that this study did not identify
an association between higher age and higher resource use because higher age of hip fracture
patients in this study did not indicate greater frailty, although it is plausible to suppose that
older inpatients are more likely to have higher costs due to their greater susceptibility to have
comorbidity conditions [1].

This study shows that, after controlling for potential confounders, the lengths of
theater time for hip surgery among patients aged 75-84 and patients aged 85 or older were
estimated as significantly shorter by about 6 minutes and about 12 minutes than hip fracture
patients aged 65-74, respectively. In addition, a significant association between the presence
of comorbidity and shorter length of theater time was also identified in this study. The
length of theater time for hip surgery among patients with any comorbidity was estimated as
significantly shorter by 9 minutes than that for patients without comorbidity. We
hypothesize that these results may be due to the surgeon’s attitude, i.e. that they tried to finish
hip surgery for either higher age patients or patients with any comorbidity as soon as possible
because of the potential vulnerability of older patients to surgery.

The linear mixed models also revealed that the LOS after surgery of hip fracture
patients with a comorbidity condition was estimated as significantly longer by about 5 days
than patients without comorbidity. The association between the presence of comorbidity
condition and longer LOS has been identified among Medicare patients in the US [18] and
among discharged patients in the Valencia region, Spain [19].  This direct effect of the
presence of comorbidity among hip fracture patients on longer LOS may be explained by the
hypothesis that hip fracture patients with comorbidity may be required to stay in hospital for a
longer period due to additional treatment for their comorbidity. Another possible
explanation is that patients with a comorbidity condition may show delayed functional
recovery due to their comorbidity, and such patients may be more likely to become
functionally dependent during their hospital stay [20]. Consequently, such functionally
dependent patients may be more likely to stay in hospital for a longer period than patients
without functional dependence [21, 22].

Linear mixed models also revealed that the presence of comorbidity condition among
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hip fracture patients was significantly associated with higher charges for diagnostic
examinations (p <0.001). Patients with any comorbidity were estimated to cost significantly
more by $207 than those without comorbidity. In addition, the model also revealed a
marginally significant association between the presence of any comorbidity condition and
higher total charges (p = 0.060). Patients with comorbidity were estimated as costing
significantly more by $635 than those without comorbidity. Despite the difference of
payment system between Japan and the US, these results are concordant with the results that
Medicare beneficiaries with chronic conditions had higher expenditure than those without
chronic condition [23]. Because all patients who receive medical care in any medical factlity
in Japan are covered by Japan’s universal health insurance system based on a fee-for-service
payment with governmentally-defined universal point-fee tables, the total charges for hip
fracture patients with comorbidity conditions are charged for hip fracture treatment as well as
charges for diagnosis and treatment of the comorbidity [24, 25]. Therefore, we consider that
hip fracture patients with any comorbidity condition are more likely to have higher diagnostic
examination charges, and marginally higher total charges, than those without comorbidity.

When we interpret the results of our study, some limitations must be considered.
First, as a general limitation of this study, the study subjects in this study were hip fracture
patients who received hip surgery in four teaching hospitals in Japan. In particular, we were
unable to involve incident hip fracture patients who did not receive surgical treatment,
because we do not have such information in our database. It is reasonable to consider that an
incident hip fracture patient whose general condition is too poor to undergo surgical treatment
will be treated by conservative treatment at first, and then undergo hip surgery after
improvement of their general condition. Thus, the proportion of hip fracture patients who
did not undergo hip surgery among all incident hip fracture patients in this study may be
small.

Second, the hospitals selected in this study are not representative of all hospitals in
Japan. However, the inference in this study can be statistically applied with more confidence
to a wider population of hospitals in Japan, because the mixed linear models in this study
fitted hospitals as a random-effects factor [26]. On the other hand, operable hip fracture
patients in this study stayed in hospital for about six days before surgery and they remained in
hospital for about 40 days after hip surgery (Table 2). Although this is much longer than in
other OECD countries [27], we consider that the average LOS in the four teaching hospitals in
this study was not biased towards a longer LOS than in other Japanese hospitals. The

estimated average LOS of all patients discharged from general wards in Japanese hospitals

26



was 32 days in 1998, while the average LOS in the four hospitals in this study was ranged
from 22 to 31 days. There are a few possible explanations for the 46-day hospital stay
among operable hip fracture patients in this study. First, because Japanese hospitals provide
post-operative patients with acute and post-acute care during the same hospital care episode,
Japanese surgeons are likely to let post-operative patients stay in hospitals until they can
recover their abilities to perform similar activities of daily living to the level before hip
fracture. Such patients may need rehabilitative training for walking during an approximate
40-day in-hospital stay after surgery. Second, there is no financial risk for Japanese surgeons
in letting their patients continue to stay in hospital for about six days before surgery for
preoperative evaluation and six to seven weeks for rehabilitative care, because charges during
in-hospital stay are basically reimbursed in a fee-for-service manner with
governmentally-defined universal point-fee tables under the Japan’s universal health
insurance system [24, 25]. In addition, because Japanese hospitals generally provide both
acute care and sub-acute care at the same in-hospital episode, the LOS is far longer than other
OECD countries. However, these characteristics of Japanese health care to patients have
some benefits for examining resource use during acute care as well as sub-acute care
simultaneously. Furthermore, out of the total charges, two fifths were charges for hotels, and
another two fifths were for surgery. We hypothesized that the attribute of the effect of age or
comorbidity condition on in-hospital resource use might be different between acute care and
sub-acute care.

Finally, we used charge data rather than actual cost data in this study. Because to
date only a few Japanese hospitals tentatively estimate actual cost for hospital care, these data
are not available in our database. However, we believe that, for countries that calculate
annual health care expenditure based on charge data, it must be useful to analyze
charge-based data to examine optimal resource allocation.

(Word count for text: 2,974 words)
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Table 1. Characteristics of 778 hip fracture patients who received surgical treatment at four

teaching hospitals in Japan (%)

Total(n=778) Hospital

Aln=9%) Bn=107) C{n=2801 D (n=201) P vablue®
Ape® 80.3 (7.3) 825077 794 (08) 0.0 {73) $0.0{7.2) 0.012
65 74 244 17.2 243 26.0 254 0.147
75-84 458 404 436 458 46.7
=85 29.8 124 271 8.5 378
Gender
Women 784 75.8 766 779 804 0704
Men 216 24.2 234 21 19.6
Plzoc of residomee betore adniission
Home £12 556 £i6 86 8913 < D001
Hospital/nursing home 188 444 364 114 107
Surgical procednre
Hip replacement 353 374 39.3 331 354 0.675
Interral flxition 64.7 62.6 60.7 66.9 64.6
Cemorbidity status
Any comorbidity condi- 163 273 187 8.9 189 < (.00
tion
Deripheral vascular dis- 08 1.C 19 0.0 1.0 0.147
case
Dementia 35 9.1 00 21 4.1 0.002
Chronic pulmonary dis- 15 6.1 19 04 10 0.004
ease
Connective tissue dis- 0.9 2.0 09 04 1.0 0331
cuse
Diabetes 09 3.0 0.0 0.0 14 0023
Diabetes with erd organ 44 1.1 56 14 5.8 0.009
damage
Rennd disesse 1.7 20 0.0 04 34 0013
Any tumor 4.4 3.0 s34 28 438 0.115
Metastatic solid nmor 1.0 0.0 09 21 03 0.133
Plzce of residince upon discharge
Home 598 293 41.1 59.4 713 < 0.001
Hospital/mursing home 319.1 63.7 570 20.2 21.0
Death at discharze 1.2 2.0 09 04 1.7

Table 2. Hospital resource use among 778 hip fracture patients aged 65 or older by age and

the presence of comorbidity status at four teaching hospitals in Japan

Tl e pE eI ray urrsr (IT:FE: T iy pdav wmpery  Lang Rul My kT SGEoy (94750 T, Ao LG 53] Cheges Jon damestc axuma (TE5]

sy
Nan ¥, Moaa ST ANan 3.0, Weahy 5D, oan D
Tl ST 150 187 €A '8 ENR K. AT THRT SIE I
Agr ¢ bees ayrar)
€424 e 150 454 193 €2 38 LR 187 SN0 L0137 Lt 754
B I 38 ATA e €7 A% a%n 178 MM 37139 ol 3%
PLOTCES LW L3 1 m 1 4% e 178 ThkD A hatal] A 6eh Y
Falet (450} [inf:] oS ARG [ ]
Com:cwbacily vkifm
Nooe (6 =313 45D 133 X 44 184 1Ty RS 3531 347 TN
lin= 12 106 121 63 57 443 183 TASERD &231.3 1Ze0 8233
F sl Uz 9081 H L <] < 8 om

S.D.—standard deviation. Charges for diagnostic exams involved laboratory tests and

imaging. Charges for surgery involved surgery and anesthesia.
Table 3. Factors associated with total length of stay (LOS), LOS before surgery, and LOS

after surgery of hip fracture patients at four teaching hospitals in Japan (linear mixed models)
{n=1778)

31



Expianatory vanable Total LOS LOS belole surgery LOS atier swgery
Estimnic Standaxd envor P value Estinuac Standard evror™ P valoe  Estimate Standad evvor P value
Fixed-eflects factor
Intercept 48 806 2.525 < 0.0M 5.690 0413 < 0.001 43.200 2.579 < 0.001
Age
75-84 vs. 65-74 (ref- 1.180 1.606 0.463 0.590 0420 0.161 0.598 1.540 0.698
emnt)
=85 vs, 65-M (refer- -1.482 1777 0405 0.065 0.460 0.838 -1.449 1.705 0.396
ent)
Gender
Men vs, woren (ref- -1870 1.563 0232 0.183 0409 0.655 ~2.066 1.499 0.169
erent)
Comorbidity
Pigsent vs, sbsent {ref- 5.237 1.743 0.003 ~{.084 0451 0.853 5.390 1.672 0.001
ewrnt)
Type of hip surgery
Hip replacement vs, 0.400 1335 0.764 1.056 0,349 0.003 -0.674 1.281 0.599
infernal fixation (referent)
Discharge destination
Other hospitals  vs. -8.893 1.393 < 0.001 -8.837 1.338 < 0.001
home (referent)
Died at dischmige vs, 0.248 5979 0.967 ~6.100 5735 0.238
home (referent)
Randem-effects factor
Hospital A -1.3353 23013 0.588 -0.04861 01746 0827 ~1.1268 23892 0.659
Hospitel B 21708 223675 0186 -0.04782 0.1737 0.829 247 23574 D.352
Hospital C —4.2493 21128 0.118 01289 01657 0579 —4.8043 2.2142 0.101
Hospital D 34137 21265 0.186 ~0.03249 0.1652 0876 34838 22267 0.196
Variance components
Hospital 139 125 0.134 0.034 0115 0.382 159 14.1 0.129
Residual 309.6 158 < 0.001 213 11 < 0.001 2843 145 < 0.00

Table 4. Factors associated with total charges, charges for diagnostic exams, charges for

surgery, and length of theater time of hip fracture patients at four teaching hospitals in Japan

(linear mixed models) (n = 778)
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Charges for diagnostic exams involved laboratory tests and imaging. Charges for surgery

involved surgery and anesthesia.
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Profiling hospital performance of laparoscopic cholecystectomy based on the

administrative data of four teaching hospitals in Japan

Masahiro Hirose, Yuichi Imanaka, Tatsuro Ishizaki, Miho Sekimoto, Yoshiaki

Harada, Kazuaki Kuwabara, Kenshi Hayashida, Eun-Hwan Oh, Edward Evans

Abstract. Over the last decade in Japan, laparoscopic cholecystectomy (LC) has replaced
traditional open cholecystectomy as the standard of elective surgery for cholelithiasis. LC
has a clinical course relatively easier to standardize among the intra-abdominal surgery.
However, its significant practice variation is suspected in Japan, but there has been little
demonstration or discussion based upon empirical data.

Through the analysis of 1,589 elective LC cases of four leading teaching hospitals in
Japan between 1996 and 2000, this study aims to demonstrate the variations and investigate
their determinants regarding the length of hospital stay and the health care charge which is a
good cost estimate in the current Japanese health insurance system.

Substantially and significantly large variation existed among the hospitals in terms of
the length of hospital stay and the total health care charge, even after the differences in patient
‘factors were adjusted. Particularly, the combined drug and exam charge per day was
strikingly affected by the hospital difference, which indicated that the daily process also
varied widely besides the total course of inpatient care. In addition, intra-hospital variation
was also remained very large even after adjusting all the potential correlates studied.

This study alarmingly points out great room for improvement in the efficiency of health

care resource use and potentially in the quality through standardization of care process in LC.
It has serious implications for the national policy and individual providers under the on-going

health care reforms towards higher efficiency and quality.

Introduction
Though some articles have reported that Mouret et al. performed the world’s first
laparoscopic cholecystectomy (LC) [1], the earliest LC was actually performed by Muhe in
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1986 [2]. Since then, this surgical procedure has been rapidly adopted all over the world. In
Japan, Yamakawa ¢t al. performed the first LC in May 1990 {3]. Subsequently, LC became
popular in Japan as a surgical procedure for elective cholelithiasis.

The brief history of advances in surgery for cholelithiasis in Japan can be divided into
three phases. The first phase, ending in 1990, was concerned with traditional open
cholecystectomy (OC). The decade that followed was a transition period from OC to LC. In
April 1992, LC was added to the social insurance medical fee schedule. The third, and current
phase, represents the establishment period of LC as a common surgery for cholelithiasis. LC
has been adopted on a wide scale because it is less invasive and more cost effective than OC
{4]. Many surgeons and hospitals now consider LC the standard for both elective and urgent
surgical cases [5].

Compared with OC, the typical length of hospital stay (LOS) and total charges during
hospitalization for LC are lower because patients are able to make a more rapid recovery after
surgery [6]. Though few practice guidelines or treatment manuals have been published in
Japan, LC for cholelithiasis is better standardized than most procedures. Nevertheless, LOS
for LC in Japan is still longer than in other developed countries.

Total charges during hospitalization are calculated on a fee-for-service basis according to
a fee schedule mandated by the Health Ministry. Though the fee schedule is not strictly based
on cost valuation, charges are roughly equivalent to total costs during hospitalization. The
official fee schedule sets the operation charge for LC higher than that of OC to reflect surgical
difficulty. As a result, when surgeons choose to perform LC, they are affectively trading
higher charges for shorter LOS, as compared with OC.

The Health Ministry has taken active steps toward reducing LOS. A system of
diminishing returns was introduced whereby admission charges are reimbursed at a lower rate
for hospitalization with excessively long LOS. This diminishing system and higher pricing for
LC gives providers an incentive to favor LC over OC elective cases.

Even under these conditions, total charges during hospitalization for LC vary widely. The
existing literature attributes practice variation in some surgical treatments to a wide variety of
factors: geography, physician discretion, competing surgical procedures, and international
differences [7,8]. Few Japanese reports have noted that these practice variations of LC in
Japanese health care delivery. Though practice variation is inevitable, it is undesirable for
variation to be dominated by institutional factors.

With data gathered from four geographically disparate teaching hospitals, this study

seeks to investigate the total course as well as the daily process of the Japanese health care by
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identifying clinical and socioeconomic factors contributing to variations in the practice of LC
as a surgical standard for cholelithiasis in Japan, and to examine the efficiency of health care
resource use and the potential in the quality through standardization of care process. It is our
hope that a review of various clinical outcomes and socioeconomic factors will ultimately
benefit the quality and safety of Japanese health care by promoting the standardization of
clinical medicine.

Patients and Methods

Patients

This study was approved by the Institutional Review Board of the Faculty of Medicine,
at the Graduate School of Medicine of Kyoto University. We used a database from the
Voluntary Hospital of Japan Quality Indicator Project (VHI-QIP), which includes data from
ten leading private teaching hospitals in Japan. These hospitals are located in Hokkaido (in the
north), throughout Honshu (the main island of Japan), and Kyusyu (in the south). The
database represented all cases discharged from these hospitals since 1995.

In this particular study, we selected four of the ten hospitals where LC for cholelithiasis
was performed between January 1996 and December 2000. All four hospitals provide
community residents with primary and tertiary care in both inpatient and outpatient settings.
The mean number of general type beds and surgical department beds in these four hospitals
were 652 (range: 524 - 784) and 80.5 (range: 55 - 129), respectively, in 2000, and the mean
number of surgeons was 11 (range: 7 - 14) in 2001. Each of the hospitals participating in this
project has similar characteristics in that they are all teaching and community hospitals.

Subjects for this study were filtered based on International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) procedure codes. We selected cases with
elective LC (ICD-9-CM code 51.22) or OC (ICD-9-CM code 51.23) from surgical cases with
an ICD-9-CM diagnosis code of 21.15, which stands for “benign neoplasm of liver and biliary
passage”, or an ICD-9-CM diagnosis code between 57.40 and 57.70, which stands for
“diseases of gall bladder, biliary tract, and pancreas”.

Definition of variables.

Clinical indicators used in this study include age, gender, hospital, length of hospital stay
(LOS), preoperative physical status (ASA-PS), and comorbidity condition. Economic
indicators included total health care charges (THC), and a combination of drug and
examination charges (DEC).

In order to evaluate a patient’s preoperative condition, we used the preoperative physical

status developed by the American Society of Anesthesiologists (ASA) [9]. The ASA-PS score
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