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Abstract

Objective: The volume-outcome relationship between
isolated surgical aortic valve replacement (SAVR) and
mortality in patients with aortic valve stenosis remains
unclear. This study aimed to assess this relationship using
a large-scale study conducted in Japan.

Methods: We conducted a retrospective cohort study of
adult patients with aortic valve stenosis hospitalized
between April 1, 2012 and March 31, 2015. Hospitals
were categorized into 3 groups based on SAVR volume:
low volume (≤ 49 cases), intermediate volume (50–99
cases), and high volume (≥ 100 cases). A multiple logistic
regression analysis was performed with in-hospital
mortality as the dependent variable and hospital volume
groups as independent variables.

Results: The low-volume group, intermediate-volume
group, and high-volume group comprised 7383 patients
from 330 hospitals, 5253 patients from 76 hospitals, and
3411 patients from 23 hospitals, respectively. The
regression analysis accounted for patient sex, height,
weight, activities of daily living, and comorbidities as
covariates. Relative to the intermediate-volume group,
the odds ratios for in-hospital mortality were 1.32 (95%
confidence intervals: 1.07–1.61; P<0.01) in the low-
volume group and 0.65 (0.48–0.87; P<0.01) in the high-
volume group.

Conclusion: Higher hospital volume was significantly
associated with reduced mortality, and patients with
aortic valve stenosis may benefit from care in high-volume
hospitals.

Keywords: Volume-outcome relation; Surgical aortic valve
replacement; Aortic valve stenosis; In-hospital mortality;
Administrative data

Introduction
The number of surgeries for valvular heart disease in Japan

has increased by 73.8% over the past decade [1]. There were
877 cases of transcatheter aortic valve implantation (TAVI) and
approximately 10 000 cases of isolated surgical aortic valve
replacement (SAVR) conducted in 2014, indicating that the
latter accounted for the vast majority of aortic valve
replacement surgeries [1].

The Diagnosis Procedure Combination (DPC) system is a
patient case-mix system that was introduced in Japan in 2004,
and has since become the prevalent method of payment for
acute care hospitals. Under this system, hospitals produce and
submit administrative data to insurers for the purpose of
reimbursement. The data include patient information and
itemized records of daily medical care, such as the types of
medical tests, medications, and procedures provided to each
patient, as well as the use of intensive or specialized care and
nursing services. Information on procedures such as
mechanical ventilation, renal replacement therapy, and the
use of vasoactive agents are also available from DPC data, and
previous studies have reported on the close association
between these procedures and mortality [2-7]. Due to the
extensive amount of information provided, DPC data has
considerable potential for applications in healthcare research.

The first analysis of volume-outcome relationships in
healthcare by Luft et al. in 1979 reported that mortality
decreased with increasing surgical volume for several types of
surgeries [8]. In an analysis of the volume-outcome
relationship in SAVR by Patel et al. surgical volume was defined
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not only for SAVR, but also included procedures for ascending
aorta and other valvular heart diseases [9]; that study
reported that in-hospital and 30-day mortality rates decreased
with increasing surgical volume. Astor et al. [10] analyzed the
relationship between SAVR hospital volume and in-hospital
mortality, and noted similar results to those of Patel et al. [9]
Despite these studies, little is known about the volume-
outcome relationship between isolated SAVR procedures and
in-hospital mortality.

In this study, we used Japanese DPC data to analyze hospital
volume of isolated SAVR and SAVR with coronary artery bypass
grafting (CABG) in patients with aortic valve stenosis to
examine the volume-outcome relationship in SAVR
unaccompanied by other valvular surgery.

Methods

Study design and data source
We conducted a retrospective multi-center cohort study of

patients with aortic valve stenosis who had undergone SAVR at
Japanese acute care hospitals between April 1, 2012 and
March 31, 2015. All data were extracted from a DPC database
comprising hospital administrative data collected by the DPC
Research Group. Funded by the Ministry of Health, Labour and
Welfare, the DPC Research Group conducts analyses using
administrative data with the objective of further
understanding and improving healthcare in Japan. The study
was approved by the institutional ethics committee of Kansai
Medical University Hospital (Approval number: H160404). This
study was registered in the UMIN Clinical Trials Registry
(UMIN-CTR) system (No. UMIN 000024725).

Patient selection
We first identified patients diagnosed with aortic valve

stenosis who had undergone SAVR during the study period.
Aortic valve stenosis was identified using the following
International Classification of Diseases, 10th Revision codes:
I060 (rheumatic aortic stenosis), I350 (nonrheumatic aortic
stenosis), and I352 (nonrheumatic aortic stenosis with
insufficiency). SAVR was identified using the K-code (used in
DPC data to designate surgical procedures) K5551, which
indicates valve replacement surgery. We excluded patients
who were aged below 20 years, as well as those who had
undergone aortic valvuloplasty, other valvular surgery at the
same time as SAVR, or aortic root replacement. Patients who
had undergone SAVR with CABG were included in analysis.

Patient characteristics
We collected information on the following patient baseline

characteristics: age, sex, height, weight, activities of daily living
(ADL) score at admission and discharge, Charlson comorbidity
index, and New York Heart Association (NYHA) functional
classification.

ADL scoring was based on 10 items with a maximum score
of 20 points; the items were feeding (0–2 points), transferring

(0–3 points), grooming (0–1 point), toileting (0–2 points),
bathing (0–1 point), walking on level ground (0–3 points),
climbing stairs (0–2 points), dressing (0–2 points), bowel
continence (0–2 points), and urinary continence (0–2 points).
Although the Charlson comorbidity index initially developed by
Charlson et al. in 1987 has been widely used as a severity
score for predicting 1-year mortality [11], this study used the
modified comorbidity index developed by Quan et al. [12]
Postoperative care was also analyzed using the number of days
of mechanical ventilation after surgery and vasopressor use, as
well as the proportions of patients who had undergone intra-
aortic balloon pumping (IABP), percutaneous cardiopulmonary
support (PCPS), and tracheotomy.

Outcome measures
The main outcome measure used in this study was in-

hospital mortality. Other outcome measures included length of
intensive care unit stay, length of hospital stay (overall stay,
preoperative stay, and postoperative stay), and discharge
destination (home, other hospital, nursing home, death, or
others).

We also analyzed the incidence of the following
postoperative complications: reoperation, emergency
thoracotomy, hemorrhagic complications (excluding cerebral
hemorrhage), cerebral infarction, cerebral hemorrhage,
cardiac tamponade, and infection.

Statistical analysis
Continuous variables were calculated as means and

standard deviations, and categorical variables were calculated
as percentages. Based on the distribution of SAVR volume
presented in Figure 1, hospitals were categorized into 3 groups
designated the low-volume group (≤ 49 cases), intermediate-
volume group (50–99 cases), and high-volume group (≥ 100
cases). To compare continuous variables among the 3 groups,
we employed a non-repeated one-way analysis of variance
with Tukey’s multiple comparison test. Categorical variables
were analyzed using the Chi-square test. Patient
characteristics were first examined using univariate analysis to
identify those that had a significant relationship with in-
hospital mortality. These factors were then included as
covariates in a multiple logistic regression analysis with in-
hospital mortality as the dependent variable and hospital
volume (reference: intermediate-volume group) as the main
independent variable of interest. The odds ratios (ORs) for the
independent variables were calculated.
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Figure 1 Scatter plot of hospitals according to the number of
surgical aortic valve replacement (SAVR) cases (x-axis) and
in-hospital mortality (y-axis).

Note: P values lower than 0.05 were regarded as statistically
significant. All analyses were performed using SPSS Version
24.0 (IBM Japan, Ltd., Tokyo, Japan).

Results
The patient characteristics are presented in Table 1. The

low-volume group, intermediate-volume group, and high-
volume group comprised 7383 patients from 330 hospitals,
5253 patients from 76 hospitals, and 3411 patients from 23
hospitals, respectively. The mean ages of the patients in the 3
groups were similar at 75 years, but the other variables
demonstrated significant inter-group differences. Although
hospitals are required to provide information on the majority
of these variables, the inclusion of information on NYHA
classification is discretionary. As a result, there was a general
lack of input for NYHA functional classification at 25.2%,
21.6%, and 26.8% for the low-, intermediate-, and high-volume
groups, respectively. From the available information, the
proportion of NYHA Class III and Class IV patients was low at
21.0% in the high-volume group; in contrast, the
corresponding proportion was substantially higher at 37.9% in
the low-volume group.

Table 1 Patient characteristics and outcomes (n=16047).

Variables

Low
volume

(n=7383)

 Intermediate
volume

(n=5253)

 High
volume

(n=3411)
 P
value

Number of
hospitals 330 76 23  

Patient characteristics

Age (years) 75.1 ± 8.3 75.0 ± 8.6 75.2 ± 8.5 0.43

Male (%) 46.5 44.5 44 0.02

Height (cm)
153.1 ±
17.4 152.1 ± 20.9

152.4 ±
18.5 0.02

Weight (kg) 55.2 ± 11.9 54.4 ± 12.5 55.0 ± 11.8 <0.01

ADL score at
admission 18.0 ± 5.1 18.4 ± 4.5 18.4 ± 4.3 <0.01

ADL score at
discharge 18.6 ± 3.6 18.6 ± 3.8 18.4 ± 3.8 0.03

Charlson comorbidity index (%)

0 50 56.1 55.6
<0.00
1

 

 

 

 

1 16 16.4 15.3

2 24.6 19.3 21.3

3 6.7 5.8 5.8

≥4 2.8 2.4 2

NYHA functional class (%)

I 14.2 14.5 18
<0.00
1

 

 

 

II 47.9 44.5 61.1

III 25.1 27.4 14.5

IV 12.8 13.6 6.5

Procedure

Isolated
SAVR 75.6 72.9 70.1

<0.00
1

 

Combined
CABG and
isolated
SAVR 24.4 27.1 29.9

Postoperative care

Mechanical
ventilation
after surgery
(days) 2.6 ± 5.9 2.5 ± 5.6 2.2 ± 5.3

<0.00
1

Use of
vasopressor
(days) 3.1 ± 4.4 2.9 ± 4.6 2.6 ± 3.8

<0.00
1

Renal
replacement
therapy (%) 9.8 10.1 9.4 0.5

Intra-aortic
balloon
pumping (%) 5.5 6.1 3.2

<0.00
1

Percutaneous
cardiopulmon
ary support
(%) 1.1 1.1 0.8 0.4

Tracheotomy
(%) 1.9 1.7 1.3 0.1

Outcomes

ICU stay
(days) 4.2 ± 4.0 4.3 ± 3.7 3.7 ± 3.4

<0.00
1

Overall
hospital stay
(days) 36.7 ± 31.2 34.5 ± 27.8 28.5 ± 19.8

<0.00
1

Preoperative
hospital stay
(days) 8.3 ± 13.4 7.7 ± 13.2 7.3 ± 19.1 <0.01
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Postoperative
hospital stay
(days) 27.4 ± 28.9 25.8 ± 26.9 20.2 ± 24.5

<0.00
1

Discharge destination (%)

Home 83.5 78.2 77.9
<0.00
1

 

 

 

 

Other hospital 11.2 17.5 19.5

Nursing home 0.4 0.2 0.1

Death 4.4 3.6 2.2

Other 0.6 0.6 0.3

In-hospital
mortality (%) 4.4 3.6 2.2

<0.00
1

Note: Values are presented as mean ± standard deviation for continuous
variables and number (percentage) for categorical variables. NYHA functional
classification values were taken from the following sample sizes: low volume,
n=1865; intermediate volume, n=1135; and high volume, n=913.
Abbreviations: ADL, activities of daily living; CABG, coronary artery bypass
grafting; ICU, intensive care unit; NYHA, New York Heart Association; SAVR,
surgical aortic valve replacement.

Despite the numerically similar duration of postoperative
mechanical ventilation among the 3 groups (2.2-2.6 days), the
analysis detected a statistically significant difference. The
mean duration of vasopressor use in the high-volume group
was 2.6 days, which was significantly lower than the low-
volume group (3.1 days) and intermediate-volume group (2.9
days). IABP use was also significantly less prevalent in the high-
volume group relative to the other 2 groups. While PCPS use
was also lower in the high-volume group, the difference was
not statistically significant.

In-hospital mortality was observed to reduce as volume
increased, with the mortality rates in the low, intermediate,
and high-volume groups at 4.4%, 3.6%, and 2.2%, respectively.
The mean overall length of hospital stay ranged from 28.5 days
to 36.7 days across the groups, and the mean postoperative
length of stay ranged from 20.2 to 27.4 days; the length of stay
in the high-volume group was significantly shorter than in the
other groups. In all 3 groups, the majority of patients were
discharged to home, and those discharged to nursing homes
comprised less than 0.5% of patients.

The proportions of postoperative complications are
presented in Table 2. The analysis found significant differences
in reoperation (P<0.01), hemorrhagic complications (excluding
cerebral hemorrhage) (P<0.001), cerebral infarction (P<0.001),
and infection (P<0.04). With the exception of hemorrhagic
complications, the incidence of each complication in the high-
volume group was lower than in the low-volume group.

Table 2 Complications after surgery (n=16047).

Post-operative
complications

Low
volume

(n=738
3)

Intermedi
ate
volume

(n=5253)

High
volume

(n=3411)

P
valu
e

Reoperation (%) 7.5 6.9 5.8 <0.0
1

Emergency thoracotomy
(%) 1.8 1.7 1.6 0.82

Hemorrhagic
complications (excluding
cerebral hemorrhage) (%)

28.6 26.2 33.1 <0.0
01

Cerebral infarction (%) 3.2 3.0 1.9 0.00
1

Cerebral hemorrhage (%) 0.2 0.2 0.1 0.36

Cardiac tamponade (%) 1.7 1.4 1.3 0.42

Infection (%) 9.0 9.6 8.0 0.04

Table 3 shows the results of the multiple logistic regression
analysis. Using the intermediate-volume group as the
reference, the ORs for in-hospital mortality were 1.32 (95%
confidence intervals: 1.07–1.61; P<0.01) in the low-volume
group and 0.65 (95% confidence intervals: 0.48–0.87; P<0.01)
in the high-volume group. Figure 2 shows the Kaplan-Meier
survival curves until 30 days after SAVR. The log-rank test
revealed a significant difference between the low- and high-
volume groups (P<0.01).

Table 3 Results of multiple logistic regression analysis for in–
hospital mortality in all cases (n=16 047).

Variables Odds ratio 95% CI P
value

SAVR volume (reference: Intermediate volume)

Low volume 1.32 1.07-1.61 <0.01

High volume 0.65 0.48-0.87 <0.01

Male 1.30 1.07-1.58 <0.01

Height 0.99 0.99-1.00 0.18

Weight 0.99 0.98-0.99 <0.01

ADL score at admission 0.93 0.92-0.94 <0.00
1

Charlson comorbidity index (reference: 0)

1 2.49 1.98-3.14 <0.00
1

2 1.11 0.86-1.44 0.42

3 2.17 1.58-2.97 <0.00
1

≥4 3.78 2.58-5.54 <0.00
1
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Combined CABG and
isolated SAVR (reference:
isolated SAVR)

1.88 1.57-2.26 <0.00
1

Figure 2 Kaplan-Meier 30-day survival curves following
surgical aortic valve replacement (SAVR) for the low-,
intermediate-, and high-volume groups.

We also conducted a sub-analysis limited to the cases that
included NYHA functional classification as covariates in the
multiple logistic regression model (Table 4). With the inclusion
of these variables, the analysis did not demonstrate a
significant volume-outcome relationship.

Table 4 Results of multiple logistic regression analysis for in–
hospital mortality limited to cases with NYHA coding (n=4220).

Variables Odds
ratio

95% CI P value

SAVR volume (reference: Intermediate volume)

Low volume 1.30 0.83-2.03 0.26

High volume 1.01 0.56-1.85 0.96

Male 0.78 0.51-1.20 0.26

Height 0.99 0.98-1.00 0.11

Weight 1.01 0.99-1.03 0.36

ADL score at admission 0.97 0.95-1.00 0.04

Charlson comorbidity index (reference: 0)

1 2.03 1.12-3.67 0.02

2 0.93 0.55-1.59 0.79

3 1.49 0.80-2.78 0.22

≥4 4.37 2.23-8.58 <0.001

NYHA functional class (reference: I)

II 1.16 0.47-2.87 0.75

III 4.36 1.83-10.44 0.001

IV 8.02 3.24-19.87 <0.001

Combined CABG and isolated
SAVR (reference: isolated SAVR)

1.92 1.29-2.85 0.001

Discussion
This study is the first to report on the volume-outcome

relationship focused on isolated SAVR for aortic valve stenosis
and in-hospital mortality. An important finding of this study
was that hospital volume of the SAVR procedure itself had a
significant relationship with the outcome of interest. Aortic
valve stenosis is a serious condition that, in its natural course,
often results in patient death within 2 to 5 years after the
onset of symptoms [13]. As a result, aortic valve replacement
procedures can be crucial for improving patient prognosis.
Although previous studies have addressed volume-outcome
relationships for SAVR [9,10], our study is characterized by the
focus on isolated SAVR through the exclusion of other valvular
or aortic surgeries. Our findings corroborate those of previous
analyses, and reinforce our understanding of the volume-
outcome relationship in the SAVR procedure itself.

Recent studies from the US that assessed the volume-
outcome relationship in TAVI have reported significant
associations between increasing volume and decreasing
mortality [14,15]. However, TAVI was approved for insurance
coverage in Japan only recently in October 2013, and there
were as few as 877 TAVI procedures conducted in 20141.
Although the short period of utilization and the small number
of cases in Japan preclude analysis of the volume-outcome
relationship in TAVI at present, this topic should be addressed
in the future. Nevertheless, the results of this study and
previous studies on valve replacement surgeries (both SAVR
and TAVI) for aortic valve stenosis suggest that increases in
surgical volume would likely result in reductions in mortality in
the Japanese setting.

The use of administrative data, such as in this study and the
report by Astor et al. [10], enables the implementation of
large-scale multi-center analyses. An epidemiological research
report in 2014 by the Japanese Association for Thoracic
Surgery noted that the in-hospital mortality rate for patients
who had undergone their first aortic valve replacement
procedure was 2.4%, and the corresponding rate for SAVR
patients with a previous history of aortic valve replacement
surgery was 9.4% [1]. Our findings for in-hospital mortality
were within this range. The studies by Jamieson et al. and
Astor et al. report the 30-day mortality rates associated with
isolated SAVR and SAVR with CABG to be approximately 4%
and 8%, respectively [10,16]. In our analysis, the in-hospital
mortality rates associated with isolated SAVR and SAVR with
CABG were approximately 2.9% and 6.0%, respectively. As the
length of hospital stay was approximately 30 days in our study
sample, the mortality rates appear to be similar to those
previously reported, and the slightly higher survival in our
sample may be indicative of recent advances in therapy.

The DPC database does not allow for the follow-up of
patients after discharge from hospital. The majority of patients
were discharged home, with fewer than 20% and 0.5% of
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patients discharged to other hospitals and nursing homes,
respectively. This finding is indirectly supported by previous
studies that have reported that the health-related quality of
life after aortic valve replacement is equal to or higher than
the quality of life before surgery, therefore allowing for more
patients to be discharged home [17–24]. The length of hospital
stay was substantially longer in our study than in a previous
study from the US [9]. The underlying reason for the relatively
long hospitalizations in Japan is that acute care hospitals have
traditionally also provided sub-acute and long-term care [25].
Recently, however, acute care hospitals have been under
pressure from the Japanese government to reduce hospital
stay durations. Admittedly, the protracted hospital stay
durations in Japanese acute care hospitals allow for longer
postoperative tracking, therefore enabling observations on
short-term prognoses on a relatively large scale. Our findings
do not provide any insight on long-term prognoses.

Our analysis found that the incidence of hemorrhagic
complications (excluding cerebral hemorrhage) in the high-
volume group was significantly higher than in the low-volume
group. However, these results contradict the results on
mortality, indicating that a large proportion of hemorrhagic
complications were non-fatal. Sezai et al. conducted a single-
institutional analysis of major adverse cardiovascular and
cerebrovascular events (MACCE) in post-SAVR patients aged 80
years and older [26]. The study reported MACCE incidence to
be 34.7%, and the incidences of cerebral infarction and
cerebral hemorrhage were 1.3% and 2.7%, respectively. These
incidences were generally higher than in our study sample,
and the difference is likely due to the longer study period in
Sezai et al. (our study was limited to the hospitalization
period). It is possible that the significantly lower incidences of
reoperation, cerebral infarction, and infection in the high-
volume group are associated with the observed improvements
in patient prognosis. Future studies should examine if there
are also volume-outcome relationships with these outcomes.

A limitation of this study is the lack of input for NYHA
functional classification. Despite the utility of NYHA classes as
indicators of disease severity in patients with heart disease,
hospitals are not required to include this information in DPC
data. Due to the low quantity of input (approximately 25%),
we were unable to incorporate this variable into the main
multiple logistic regression analysis. Increases to the level of
input on NYHA functional classifications would likely bring
about changes to the relative proportions of NYHA classes
within each group. However, we had included patient ADL
scores and Charlson comorbidity index in the analysis to
complement the assessment of each patient’s general
condition. The second limitation is the lack of echocardiogram
information, which did not allow us to examine ejection
fractions or to conduct quantitative/qualitative assessments of
the aortic valve. According to guidelines published by the
American College of Cardiology and the American Heart
Association in 2014, aortic valve replacement is a Class I
recommended therapy for symptomatic and asymptomatic
patients with severe aortic stenosis that have a left ventricular
ejection fraction below 50% and are undergoing cardiac
surgery for other indications [27]. Therefore, the lack of

echocardiogram information precluded the assessment of
SAVR from this perspective. The third limitation is the lack of
clarity regarding therapy objectives and the cause of death.
The administrative data do not indicate if renal replacement
therapy was given for chronic or acute renal failure, or for a
non-renal indication. Similarly, it is not clear if antihypotensive
agents were used to treat hypovolemic or septic shock. In
addition, the DPC system does not require hospitals to record
the cause of death. We were therefore unable to determine if
a patient had died due to surgery-related complications or for
other reasons. The fourth limitation is the possibility that there
may be factors that affect in-hospital mortality that were not
included in our covariates. For example, we were unable to
collect information on each patient’s surgical history. The non-
inclusion of such factors may have influenced our findings.

This study is, to the best of our knowledge, the first to
observe a significant volume-outcome relationship focused on
isolated SAVR. The large-scale multi-center analysis showed
that increased hospital volume was significantly associated
with reduced in-hospital mortality. Patients with aortic valve
stenosis may benefit from care in high-volume hospitals, and
future research should address the possible deficiencies in
low-volume institutions.
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