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ABSTRACT
Objective: To determine the effect of preoperative
patient and hospital factors on resource use, cost and
length of stay (LOS) among patients undergoing off-
pump coronary artery bypass grafting (OPCAB).
Design: Observational retrospective study.
Settings: Data from the Japanese Administrative
Database.
Participants: Patients who underwent isolated,
elective OPCAB between April 2011 and March 2012.
Primary outcome measures: The primary
outcomes of this study were inpatient cost and LOS
associated with OPCAB. A two-level hierarchical linear
model was used to examine the effects of patient and
hospital characteristics on inpatient costs and LOS. The
independent variables were patient and hospital
factors.
Results: We identified 2491 patients who underwent
OPCAB at 268 hospitals. The mean cost of OPCAB was
$40 665 ±7774, and the mean LOS was 23.4±8.2 days.
The study found that select patient factors and certain
comorbidities were associated with a high cost and
long LOS. A high hospital OPCAB volume was
associated with a low cost (−6.6%; p=0.024) as well
as a short LOS (−17.6%, p<0.001).
Conclusions: The hospital OPCAB volume is
associated with efficient resource use. The findings of
the present study indicate the need to focus on
hospital elective OPCAB volume in Japan in order to
improve cost and LOS.

INTRODUCTION
Cardiovascular diseases are the main causes
of death in many countries belonging to the
Organisation for Economic Cooperation and
Development (OECD).1 Coronary artery
bypass grafting (CABG) is one of the treat-
ment approaches for revascularisation in
patients with ischaemic heart disease. CABG
can be performed both with and without car-
diopulmonary bypass, and these are referred
to as on-pump CABG and off-pump CABG
(OPCAB), respectively.

A number of studies, including the
CORONARY and ROOBY trials, have investi-
gated the outcomes of both on-pump CABG
and OPCAB and contributed to improving
outcomes.2–8 However, there is little evidence
about the cost of OPCAB, as other studies
have focused on clinical outcomes and data
on costs are less frequently available.
Many OECD countries are facing the chal-

lenges of rapid growth in the ageing popula-
tion and in healthcare expenditure. Given
this background and the continuing ageing
of the population worldwide, it is necessary to
explore determinants of resource use, such as
the cost and length of stay (LOS) associated
with various medical procedures, with a view
to achieving a sustainable healthcare system.
Previous studies have examined the rela-

tionship between the resource use associated

Strengths and limitations of this study

▪ Limited information is available on the effects of
preoperative patient and hospital factors on
resource use among patients undergoing
off-pump coronary artery bypass grafting
(OPCAB).

▪ The findings of this study can contribute to the
efficient use of healthcare resources in a country
with a rapidly growing ageing population and to
the reduction of healthcare expenditure.

▪ This study did not compare on-pump coronary
artery bypass grafting and OPCAB. Only patients
who underwent isolated, elective OPCAB were
included in this study.

▪ This study was based on an administrative data-
base. Therefore, it is difficult to account for
underestimation/overestimation of comorbidities
or postoperative complications and other factors
that may influence the use of resources.

▪ Data on the quality of care and the specific pro-
cesses of care were lacking. These factors may
influence the relationship between hospital
volume and cost or length of stay.
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with CABG procedures, patient characteristics,9–11 clin-
ical techniques or revascularisation procedures,12–14 and
postoperative morbidity or complications.15 16 While
OPCAB accounted for 60% of all CABG procedures in
2009 and is a major surgical procedure in Japan,17 few
studies have been conducted to investigate the effect of
both preoperative patient and hospital factors on
OPCAB cost and LOS using multilevel analysis.
Although Saleh et al18 investigated the effect of pre-
operative patient and hospital factors on CABG cost in
the USA, the majority of the patients in their study
underwent on-pump CABG.
The aim of this study was to determine the effect of

preoperative patient and hospital factors on resource
use, cost and LOS among patients undergoing OPCAB
in Japan.

MATERIALS AND METHODS
Data source
We conducted a retrospective observational study using
data from the Japanese Administrative Database, diagno-
sis procedure combination/per diem payment system
(DPC/PDPS), gathered by the Ministry of Health,
Labour and Welfare. The details of the DPC/PDPS data-
base have been described elsewhere.19 DPC/PDPS is a
case-mix patient classification system that has been linked
to payments at acute care hospitals in Japan since 2003.
The DPC/PDPS-based hospital reimbursement system

had been adopted by more than 1400 hospitals by 2011,
accounting for more than half of the total 910 000 hos-
pital beds nationwide. The system covers approximately
50% of acute care inpatients discharged from hospitals
in Japan. Among all the DPC/PDPS participating hospi-
tals, 980 agreed to provide data for our research pur-
poses, representing approximately 6.3 million cases and
covering 77% of all admission cases tracked by DPC/
PDPS.
Anonymous clinical and administrative claims data

were collected annually for all patients admitted to and
discharged from the participating hospitals. Clinical data
consist of patient information, diagnosis information
and detailed medical information, such as all major or
minor procedures, medication and device use. Diagnosis
information includes principal diagnosis, comorbidities
on admission, and complications during hospitalisation,
coded using the International Classification of Diseases
and Injuries, 10th revision (ICD-10). Administrative
claims data include all the prices for every procedure
performed, which are evenly determined under a stan-
dardised fee-for-service payment system and listed in the
nationally uniform fee table. The total medical costs of
each hospitalisation are represented by the sum of these
data. We defined cost according to the aforementioned
criteria because fee-for-service-based payment represents
resource use more directly, and we did not use the cost
data based on the per diem payment schedule. Hospital
information was also collected under the DPC/PDPS.

The board waived the requirement for patient
informed consent because of the anonymous nature of
the data.

Inclusion and exclusion criteria
We identified patients who underwent isolated, elective
OPCAB in Japan between 1 April 2011 and 31 March
2012 ( Japanese original operative codes K552-21 and
K552-22).
We excluded the following three categories of OPCAB

patients, in order to avoid confounding factors for the
estimation of resource use, given the possibility of exces-
sive use of healthcare resources: (1) patients with other
major surgical procedures based on Japanese original
operative codes; (2) non-elective OPCAB patients, such
as ambulance or emergency admissions and (3) patients
who underwent multiple OPCAB procedures or who
died during hospitalisation. Additionally, observations
with outlier costs (outside mean±2 SD), outlier pre-
operative LOS (>14 days) and missing data were
excluded.
We obtained data regarding both individual-level and

hospital-level characteristics. The individual variables
included age, sex, body mass index (BMI), smoking
status, Canadian Cardiovascular Society angina grade,
number of anastomotic grafts per operation (patient),
preoperative LOS, duration of anaesthesia, use of
intra-aortic balloon pumping, and Elixhauser comorbid-
ities based on Quan’s methodology.20 Comorbidities
appearing in fewer than 10 patients were not considered
in this analysis. The DPC/PDPS database does not
include information on operative time, but the duration
of anaesthesia generally reflects operative time. The fol-
lowing four categories were defined for the duration of
anaesthesia: ≤4, 4.5–6, 6.5–8, and ≥8.5 h.
The structural characteristics of the hospitals included

academic status (teaching or not teaching), hospital
ownership (private not-for-profit or public), hospital
charge index (7:1 or 10:1), size and OPCAB volume.
Hospital charge index is related to the nurse-to-bed
ratio, and is reflected in the per diem medical expense
(hospital charge index 7:1 receives a higher compensa-
tion than 10:1 as part of the basic medical fees for
medical treatment and management during hospitalisa-
tion, based on a fee-for-service payment system).
Each hospital’s OPCAB volume was calculated on the

basis of the total number of patients who underwent
OPCAB, including those with the aforementioned exclu-
sion criteria, determined using the unique hospital iden-
tifier. Each hospital’s OPCAB ratio (the number of
OPCAB procedures divided by the total number of
on-pump and off-pump CABG procedures) was also
obtained (on-pump CABG; Japanese original operative
codes K-552-1 and K-552-2). Hospital size was categorised
according to the number of beds as follows: ≤449, 450–
799 and ≥800, and hospital volume was categorised
according to the number of procedures as follows:
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lowest quartile (≤14), second quartile (15–29), third
quartile (30–59) and highest quartile (≥60).
Regarding the analysis of medical cost, costs were con-

verted from Japanese yen to US$ (US$1=82.37 yen)
based on purchasing power parities in March 2012.

Primary outcome
The primary outcomes of this study were inpatient cost
and LOS associated with OPCAB.

Statistical analysis
Descriptive statistics were obtained for patient and hos-
pital factors. Hospital segment characteristics according
to the hospital OPCAB volume were also described.
Multivariate analysis was conducted using a two-level
hierarchical linear model to examine the effect of
patient and hospital characteristics on inpatient cost and
LOS associated with OPCAB. The hierarchical linear
regression model was used because of concerns about
the potential clustering effect in a hospital, and it has
been previously applied for analyses of volume-cost asso-
ciations.18 21 A two-level hierarchical model was fitted to
predict log-normalised cost and log-normalised LOS.
The level 1 model incorporated patient-level character-
istics, and the level 2 model investigated the influence of
hospital-level factors. The model takes the following
general form:

ycij ¼ g00 þ g10xij þ u0j þ eij

Level 1 units are indexed by i and level 2 units are
indexed by j, where ycij is the logarithmic dependent vari-
able (cost or LOS) of patient i in hospital j, g00 is the
hospital-level mean intercept, g10 is the constant regres-
sion coefficient (subject j is unnecessary because the
slope is constant across hospitals), xij is the explanatory
variable of patient i in hospital j, u0j is the hospital-

dependent deviation and eij is the residual error for
patient i in hospital j.
First, a stepwise multivariate regression analysis was

performed, using patient demographics and risk factors,
to predict log-cost and log-LOS. All variables significant
at the 0.05 level were then included as level 1 factors
and modelled as random effects for each model. The
level 1 intercept was modelled as random, with hospital
factors as fixed-effect predictors. Among the individual
variables, age, sex and clinical risk factors were level 1
predictors, while academic status, ownership, hospital
charge index, size and hospital OPCAB volume were
level 2 predictors.
Continuous variables are expressed as mean±SD or

median (25th, 75th centile) depending on the overall
variable distribution, and categorical variables are
expressed as proportions. All statistical analyses were per-
formed using IBM SPSS Statistics for Windows, V.22.0
(IBM Japan Ltd, Tokyo, Japan). The analyses were two-
tailed, and p values <0.05 were considered statistically
significant.

RESULTS
Patient and hospital characteristics
The data of 4930 patients who underwent OPCAB were
extracted. However, we excluded 2176 patients (1512
who underwent other major surgical procedures, 544
who had non-elective admissions, 25 who underwent
multiple OPCAB procedures or died during hospitalisa-
tion, and 95 who had missing data (35 who had missing
Canadian Cardiovascular Society angina grade and 60
who had missing BMI data)). Additionally, 80 patients
who had outlier costs (outside mean±2 SD) and 183
patients who had outlier preoperative LOS (>14 days)
were excluded. Our final sample included 2491 patients
who were treated at 268 hospitals (figure 1). Patient and

Figure 1 Flow chart showing

initial patient eligibility, application

of exclusion criteria and final

inclusion of patients in the study

(n=2491) (LOS, length of stay;

OPCAB, off-pump coronary artery

bypass grafting).
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hospital characteristics are presented in table 1. The
mean cost associated with OPCAB was $40 665±7774,
and the mean LOS associated with OPCAB was 23.4
±8.2 days. More than two-thirds of the patients were
65 years of age or older (67.5%) and most patients were
male (79.3%). Patients with a BMI <25 kg/m2 accounted
for approximately two-thirds (66.5%) of the study
patients. The most common comorbidity was uncompli-
cated hypertension (58.5%).
The number of hospitals and patients according to

the hospital OPCAB volume groups are described in
table 2. About a quarter of the patients were treated at
academic hospitals (26.3%). Additionally, more than
half of the hospitals had private, not-for-profit ownership
(57.8%), and these hospitals treated approximately
two-thirds of the patients (65.8%). Some of the biggest
hospitals had the least OPCAB volumes, and this may
have occurred because these hospitals provide on-pump
CABG or percutaneous coronary intervention instead of
OPCAB or because other hospitals in the region are in
charge of handling heart surgeries, with regard to func-
tional differentiation of hospitals.

Medical cost
The results of the multivariate hierarchical linear model
of the OPCAB cost are shown in table 3. The OPCAB
cost was 3.0% higher among patients aged 65–74 years
than among those aged <65 years, and the cost was 5.2%
higher among patients aged ≥75 years than among

Table 1 Patient and hospital characteristics

Characteristics (n=2491) n/mean Per cent/SD

Patient characteristics

Age (years)

<65 810 32.5

65–74 1052 42.2

≥75 629 25.3

Sex

Male 1976 79.3

Female 515 20.7

BMI (kg/m2)

<25 1657 66.5

25–29 723 29.0

≥30 111 4.5

Smoking status

Not smoking 1095 44.0

Smoking 1396 56.0

Canadian Cardiovascular Society angina grade

1 and 2 1685 67.6

3 and 4 806 32.4

Number of anastomotic grafts

1 198 7.9

≥2 2293 92.1

Use of IABP

No 2263 90.8

Yes 228 9.2

Preoperative LOS (days)

≤3 879 35.3

4–6 900 36.2

7–9 482 19.3

≥10 230 9.2

Duration of anaesthesia (hours)

≤4 1495 60.0

4.5–6 429 17.2

6.5–8 390 15.7

≥8.5 177 7.1

Elixhauser comorbidities*

Congestive heart failure 551 22.1

Cardiac arrhythmias 239 9.6

Valvular disease 110 4.4

Peripheral vascular disorders 253 10.2

Hypertension, uncomplicated 1456 58.5

Hypertension, complicated 11 0.4

Chronic pulmonary disease 76 3.1

Diabetes, uncomplicated 797 32.0

Diabetes, complicated 340 13.6

Hypothyroidism 19 0.8

Renal failure without dialysis 116 4.7

Renal failure with dialysis 161 6.5

Liver disease 55 2.2

Peptic ulcer disease excluding

bleeding

260 10.4

Solid tumour without

metastasis

81 3.3

Rheumatoid arthritis collagen

vascular disease

14 0.6

Coagulopathy 30 1.2

Deficiency anaemia 91 3.7

Depression 13 0.5

Continued

Table 1 Continued

Characteristics (n=2491) n/mean Per cent/SD

Hospital characteristics

Academic status

Not teaching 1836 73.7

Teaching 655 26.3

Ownership

Public 859 34.5

Private not-for-profit 1632 65.5

Hospital index charge

10:1 230 9.2

7:1 2261 90.8

Size

≤449 630 25.3

450–799 1298 52.1

≥800 563 22.6

Hospital OPCAB volume

≤14 498 20.0

15–29 680 27.3

30–59 727 29.2

≥60 586 23.5

Resource use per patient

Total cost (US$; mean, SD) 40 665 7774

LOS (days; mean, SD) 23.37 8.17

*Comorbidities present in <10 patients were not considered in this
analysis.
BMI, body mass index; IABP, intra-aortic balloon pumping; LOS,
length of stay; OPCAB, off-pump coronary artery bypass grafting.
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those aged <65 years. Within comorbidities, renal failure
(with or without dialysis) was significantly associated
with high cost. Additionally, a long duration of anaesthe-
sia was associated with high cost. However, peptic ulcer
disease without bleeding was associated with low cost.
At the second level of the hierarchical structure, the

OPCAB cost was 5.8% higher among academic hospitals
than among non-academic hospitals, and the cost was
3.7% higher among private not-for-profit hospitals than
among public hospitals. The hospital size was not asso-
ciated with cost. The OPCAB cost was 6.6% lower among
hospitals with a total OPCAB volume of ≥60 than
among hospitals with a total OPCAB volume of ≤14.

Length of stay
The results of the multivariate hierarchical linear model
of OPCAB LOS are shown in table 4. OPCAB LOS was
3.8% longer among patients aged 65–74 years than
among those aged <65 years, and LOS was 9.3% longer
among patients aged ≥75 years than among those aged
<65 years. OPCAB LOS was 4.3% longer among female
patients than among male patients. Several comorbid-
ities were found to increase OPCAB LOS, and these
included renal failure (with or without dialysis), compli-
cated or uncomplicated diabetes, cardiac arrhythmias,
liver disease and coagulopathy. In contrast, LOS was
short among patients with deficiency anaemia.
Few hospital characteristics showed association with pro-

longed LOS, only academic hospitals was associated with
7.5% longer LOS. However, OPCAB LOS was 17.6%
shorter among hospitals with a total OPCAB volume of ≥60
than among hospitals with a total OPCAB volume of ≤14.

DISCUSSION
Many OECD countries are facing the challenge of rapid
growth in the ageing population, which is creating an

extra economic burden through growing healthcare
expenditure. According to OECD health data, the
growth of health expenditure has exceeded economic
growth in most OECD countries, despite efforts to
restrain health expenditure.22 However, analyses of
healthcare resource use, especially cost, for many proce-
dures have lagged behind as a means of improving effi-
ciency in healthcare systems.
Our study showed that specific patient and hospital

factors affected OPCAB cost and LOS. Among hospital
factors, academic hospitals and private not-for-profit hos-
pitals were associated with high cost. Additionally, a high
OPCAB volume was associated with low cost and a short
LOS.
Interestingly, the patient factors affecting OPCAB cost

do not exactly correspond to those affecting LOS. For
example, coagulopathy was associated with a long LOS
but not with high cost. Patients with coagulopathy may
require extended hospitalisation with careful monitoring
to achieve stable control of clotting, without aggressive
treatments, leading to a long LOS with a minor increase
in cost. Additionally, there were some differences in the
effects of common patient factors on cost and LOS. LOS
was 1.3 days longer and the cost was $1375 higher
($1077 per day) among patients with liver disease than
among patients without, and LOS was 1.8 days longer
and the cost was $5896 higher ($3318 per day) among
patients with renal failure than among patients without.
Understanding the different effects of the patient
factors could help reduce the use of resources. Our find-
ings imply that various approaches for revealing how
these factors affect resource use are needed to reduce
healthcare resource expenditure on OPCAB procedures.
In terms of hospital factors, our study found an associ-

ation between procedure volume and healthcare
resource use for elective isolated OPCAB procedures.
The association implies the need to concentrate on the

Table 2 Hospital segment characteristics according to hospital OPCAB volume

Hospitals (patients)

Hospital procedure volume

Lowest quartile

(≤14)
Second quartile

(15–29)

Third quartile

(30–59)

Highest quartile

(≥60)

All hospitals (all patients) 148 (498) 67 (680) 40 (727) 13 (586)

Teaching 25 (73) 20 (199) 11 (208) 5 (175)

Private not-for-profit ownership 81 (267) 41 (435) 22 (404) 11 (526)

Hospital index charge (7:1) 125 (414) 58 (582) 37 (701) 12 (564)

Size

≤449 55 (179) 22 (217) 8 (135) 3 (99)

450–799 77 (265) 32 (315) 20 (346) 7 (372)

≥800 16 (54) 13 (148) 12 (246) 3 (115)

OPCAB ratio, mean (SD)

All 34.3% (23.5%) 61.3% (16.8%) 67.0% (13.8%) 69.1% (11.9%)

≤449 36.7% (27.8%) 62.9% (17.7%) 77.0% (12.6%) 52.4% (6.1%)

450–799 35.0% (20.9%) 64.6% (15.7%) 69.3% (13.1%) 76.3% (6.9%)

≥800 22.5% (15.9%) 50.4% (14.0%) 56.4% (8.6%) 69.2% (8.3%)

A total of 268 hospitals and 2491 OPCAB procedures were considered during the study period.
OPCAB ratio: the number of OPCAB procedures divided by the total number of on-pump CABG and OPCAB procedures.
CABG, coronary artery bypass grafting; OPCAB, off-pump.
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hospital-level OPCAB volume, which will contribute to
cost reduction18 23 and may contribute to patients’ out-
comes regarding volume-outcome association.4 8 24 In
parallel, analyses of geographical aspects in relation to
OPCAB patients need to be considered. It is very import-
ant to achieve good outcomes, as well as access to
healthcare services under the universal healthcare
service system.1 However, some reports in the literature
did not demonstrate any volume-cost association25 or
volume-outcome relationship for CABG procedures.26

Further studies evaluating the difference in the use of
resources, such as medications, medical devices, pre-
operative or postoperative care, and facility equipment,
between high-volume and low-volume hospitals will help
to effectively provide healthcare services.
Compared with the hospital procedure volume in a

previous volume-cost study in the USA,18 the hospital
procedure volume was not well concentrated in our
study. We categorised hospital procedure volumes as
≤14, 15–29, 30–59 and ≥60, while the previous study

categorised them as ≤99, 100–249, 250–499 and ≥500.
This situation may support the concentration of hospital
OPCAB volume.
Comparison of the cost of surgeries among countries

is difficult owing to differences in the medical service
fee system; however, our results may be generalised to
other countries that have a case-mix payment system
because the reimbursements were mainly adjusted on
the basis of cost estimation. Regarding international gen-
eralisation, it is important to investigate the mechanisms
that aid hospitals in achieving cost-effectiveness, which
will help identify cost-effectiveness factors that can be
applied or introduced in hospitals in other countries.
We used a hierarchical linear model (random inter-

cept model) that allows the consideration of both
patient and hospital factors, while a previous study
exploring variations in cost and LOS across hospitals for
diagnosis-related groups used a two-step multilevel
model.27 We did not use the two-step multilevel model,
avoiding a step of consideration of which DPC/PDPS

Table 3 Hierarchical linear model (random intercept model) for OPCAB cost

Characteristics Multiplier* (95% CI) p Value

Patient characteristics

Intercept, $ 31 110 (29 526 to 32 779) <0.001

Preoperative LOS (days) (ref ≤3)
4–6 1.024 (1.010 to 1.038) 0.001

7–9 1.058 (1.034 to 1.063) <0.001

≥10 1.112 (1.074 to 1.110) <0.001

Age (years) (ref <65)

65–74 1.030 (1.015 to 1.035) <0.001

≥75 1.052 (1.031 to 1.055) <0.001

Number of anastomotic grafts (ref 1)

≥2 1.118 (1.079 to 1.116) <0.001

Use of IABP (ref no)

Yes 1.202 (1.147 to 1.186) <0.001

Renal failure with dialysis 1.190 (1.136 to 1.177) <0.001

Renal failure without dialysis 1.127 (1.083 to 1.128) <0.001

Peptic ulcer disease excluding bleeding 0.981 (0.970 to 0.999) 0.037

Liver disease 1.044 (1.007 to 1.066) 0.014

Congestive heart failure 1.011 (0.998 to 1.020) 0.091

Duration of anaesthesia (hours) (ref ≤4)
6.5–8 1.046 (1.022 to 1.054) <0.001

≥8.5 1.135 (1.088 to 1.135) <0.001

Hospital characteristics

Teaching 1.058 (1.012 to 1.086) 0.009

Private not-for-profit ownership 1.037 (1.004 to 1.058) 0.023

Hospital index charge (ref 10:1)

7:1 1.015 (0.979 to 1.047) 0.481

Size (ref ≤449)
450–799 1.018 (0.987 to 1.043) 0.307

≥800 0.991 (0.952 to 1.036) 0.732

OPCAB hospital volume (ref ≤14)
15–29 0.985 (0.962 to 1.015) 0.379

30–59 1.008 (0.975 to 1.039) 0.700

≥60 0.934 (0.901 to 0.992) 0.024

*Exponentiated parameter estimates from a log model.
IABP, intra-aortic balloon pumping; LOS, length of stay; OPCAB, off-pump coronary artery bypass grafting.
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payment group patients allocated, this is because (1) we
used cost data based on fee-for-service schedule, not on
DPC/PDPS schedule, (2) a couple of clinical processes
were considered instead of the DPC/PDPS group and
only includes isolated elective OPCAG patients. The
DPC/PDPS-based cost data comprise the DPC compo-
nent and fee-for-service component. Economic analysis
with the DPC/PDPS-base cost data may need the estab-
lishment of a methodological approach. The selection
of the model should be well considered according to the
aim of the study and available data with its
characteristics.

This study had some potential limitations. First,
although it had a large sample size with detailed
medical data, the Japanese administrative database of
the DPC/PDPS study group does not cover all patients
and only approximately 40% of the total number of
patients nationally are covered with two stages of sample
selection. Second, the use of an administrative claims
database could have led to an underestimation/overesti-
mation of comorbidities or postoperative complications
as a result of incomplete reporting. For example, peptic
ulcer disease excluding bleeding was associated with a
low OPCAB cost in this analysis. We speculate that the

Table 4 Hierarchical linear model (random intercept model) for OPCAB LOS

Characteristics Multiplier* (95% CI) p Value

Patient characteristics

Intercept, days 18.0 (16.5 to 19.6) <0.001

Preoperative LOS (days) (ref ≤3)
4–6 1.137 (1.109 to 1.166) <0.001

7–9 1.284 (1.246 to 1.323) <0.001

≥10 1.516 (1.462 to 1.572) <0.001

Age (years) (ref <65)

65–74 1.038 (1.015 to 1.061) 0.001

≥75 1.093 (1.065 to 1.122) <0.001

Sex (ref male)

Female 1.043 (1.017 to 1.070) 0.001

Smoking status (ref not smoking)

Smoking 0.978 (0.958 to 0.999) 0.040

Use of IABP (ref no)

Yes 1.039 (1.002 to 1.076) 0.041

Renal failure with dialysis 1.099 (1.056 to 1.143) <0.001

Renal failure without dialysis 1.079 (1.032 to 1.131) 0.001

Diabetes, complicated 1.050 (1.020 to 1.083) 0.005

Diabetes, uncomplicated 1.031 (1.009 to 1.054) 0.005

Cardiac arrhythmias 1.051 (1.018 to 1.086) 0.003

Peptic ulcer disease excluding bleeding 0.971 (0.939 to 1.004) 0.082

Deficiency anaemia 0.934 (0.886 to 0.984) 0.012

Liver disease 1.071 (1.005 to 1.143) 0.034

Coagulopathy 1.112 (1.020 to 1.215) 0.016

Hypothyroidism 1.110 (0.997 to 1.237) 0.056

Hypertension, complicated 1.113 (0.966 to 1.289) 0.139

Duration of anaesthesia (hours) (ref ≤4)
6.5–8 1.026 (0.994 to 1.055) 0.107

≥8.5 1.071 (1.028 to 1.135) 0.001

Hospital characteristics

Teaching 1.075 (1.001 to 1.144) 0.046

Private not-for-profit ownership 1.013 (0.961 to 1.068) 0.622

Hospital index charge (ref 10:1)

7:1 1.044 (0.974 to 1.122) 0.225

Size (ref ≤449)
450–799 1.005 (0.950 to 1.067) 0.862

≥800 0.960 (0.881 to 1.055) 0.350

OPCAB hospital volume (ref ≤14)
15–29 0.947 (0.897 to 1.001) 0.053

30–59 0.988 (0.927 to 1.054) 0.719

≥60 0.824 (0.748 to 0.909) <0.001

*Exponentiated parameter estimates from a log model.
IABP, intra-aortic balloon pumping; LOS, length of stay; OPCAB, off-pump coronary artery bypass grafting.
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presence of such a comorbidity might indicate a patient
who is only mildly symptomatic, apart from the primary
ischaemic heart event. Third, several factors that may
affect resource use, such as the use of clinical pathways,
were not considered in our study because of lack of
available data. Fourth, we were unable to determine
complications and deaths that occurred after discharge
or transfer to another hospital, which may have resulted
in an underestimation of the cost and LOS. Fifth, we
were also unable to distinguish the primary OPCAB
from others due to the study period, which may exist as
a compounding factor.
Our study focused on the hospitalisation cost of

OPCAB, which would reflect the use of healthcare
resources in acute care hospitals. We analysed cost
according to the patient-level payment to hospitals
because it is difficult to obtain actual cost data for each
patient. The difference between cost and payment may
be a potential limitation of this study. Our analyses
included only Elixhauser comorbidities. Other
comorbidities or conditions may have existed as poten-
tial confounders. The procedure volume per surgeon/
anaesthesiologist was not included in our analysis owing
to the lack of data. Moreover, an adjustment according
to teaching status may not be sufficient because it is diffi-
cult to measure teaching activity in each hospital.
Data on quality of care and the specific processes of

care that may contribute to the causal pathway linking
hospital volume and cost or LOS were lacking.
Relationships such as that between the hospital compli-
cation ratio and the episode payment28 may also affect
the volume-cost relationship. Further study of the rela-
tionship between hospital volume and cost, considering
the quality of care in more detail, will be needed to
address this issue.

CONCLUSION
Several patient and hospital factors affect OPCAB
resource use. It is necessary to explore ways to obtain
better outcomes, as well as to reduce healthcare
resource use in order to achieve a sustainable healthcare
system. The findings of this study indicate the need to
focus on hospital elective OPCAB volume in Japan in
order to improve cost and LOS.
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