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TABLE 6. Association between hospital CABG volume and mortality by expected risk (n = 4581)

Expacted risk < 1.5% Expocted risk > 1.5%
Hespital CABG volums Hospital CABG volume
16-30 31-50 =50 16-30 -5 =50
No. of petients 432 s21 1252 462 724 780
Unadjusted mortality 089 038 0.16 7.36 525 in
Risk-adjusted mortality 037 0.55 0.09 522 an %
P value (hospital volume) NA <mn

Preoperative risk was calculsted based on JACVSD 30-day mortality risk model. Results were further adjusied with risk group 1o ensure constant risk profiles.

Number of patients is for 3-yeer periods {2003-2005).

volume on risk-adjusted 30-day operative mortality rates, As
there was colinearity between these factors (r = 0.385), only
hospital procedural volume had a significant effect on 30-day
operative mortality (P < ,001), Overall, the highest mortality
rates (3.47%) were observed when patients were treated by
low-volume surgeons at middle- to low-volume hospitals,
and the best resulis (1.46%) were obtained by high-volume
surgeons at high-volume hospitals. We have shown the effect
of volume on outcome in patient subgroups (Tables 5 and 6).
Regarding the patient age group, the effect of hospital vol-
ume was apparent in both groups (age < 65 years, P <.05;
age = 65 years, P < .01), Patients at expecied high operative
risk (>1.5%, F < .01) demonstrated consistently lower mor-
tality when treated at higher-volume centers. In contrast,
among those with a risk of less than |.5%, there was not a sig-
nificant volume effect on 30-day operative mortality rates.

Discussion

Both JATS and JACVSD analyses demonstrated an associa-
tion between hospital CABG procedural volume and CABG
outcome. Although high-quality evaluations of CABG
volume—outcome relationships using data from the STS Na-
tional Cardiac Database™' also found an association between
volume and ouicome, the effects of hospital volume were
modest compared with our findings. This may be partly
due to the straightforward case mix across volume category
(Table 2) or the different distribution of hospital CABG pro-

cedural volume in each country. As 4 fairly equal-sized hos-
pital volume break points were 150 or less, 150 10 300, 300 10
450, and greater than 450 in the United States, 98.3% of Jap-
anese centers would be categorized as low-volume hospitals
by the US definition, In Japan, there are no standards for
opening a cardiac surgery program; they simply proliferaie
without any regulatory oversight. Although Jow-volume car-
diac surgery programs are loss-making of themselves, many
hospitals wanl a cardisc surgery program not only for the
backup of perculaneous coronary intervention but also for
prestige as a general hospital. Our results suggest that mini-
mal volume standards of cardiac surgery would be an effec-
tive way to improve CABG outcomes.

The outcome improvement shown in Figure 1 also sug-
gesled that the effect of the hospital volume leaming curve
might be stronger in lower volume distribution in Japan,
The reason for the difference regarding volume effect be-
tween Japan and other countries may be multifactorial, As
many surgeons belong to a single hospital in Japan, informa-
tion and experiences of conferences on each patient are
shared with many cardiac surgeons and other medical staffs
in the hospital, Usually, cardiac surgery is performed not
by asingle consultant but by two or more consulant surgeons
with trainees. Characteristics of the Japanese health insurance
system might be another reason, because insurance covers
a large part of the medical expense with a small individual
payment at each operation.™ Patients can stay in the hospilal

Figure 1. Unadjusted 30-day mortality
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beyond 1 or 2 weeks if needed without extra huge expenses,
and they can choose any surgeon and hospital they prefer, re-
gardless of their insurance. Surgeons can conduct surgical
and medical treatments at the maximum level with less pres-
sure from the hospital and insurance company compared with
surgeons in other countries. Moreover, postoperative care in
the intensive or critical care unit is maintained mainly by phy-
sicians and not by nursing stalTs in Japan, which may lead 10
better care than otherwise.”’ Because of these differences,
minimal volume standards for CABG surgery in Japan might
be preferable at lower levels than those in the United States,

As noled in previous studies by Peterson,”” Hannan,™ and
theirassociates, Table 4 shows that even for very low numbers
of cases, low-volume surgeons have substantially belter results
when they operate at higher-volume hospitals. High-volume
hospitals might also be important as teaching institutes, Tables
5 and 6 show that the volume-outcome relationship may be
most evident for higher risk patients (older, more comorbid-
ities). In addition to regionalization of cardiac surgery, patient
transfer sysiem (eg, transferring high-risk patients 10 high-
volume hospitals quickly) also needs lo be developed for better
quality of cardiac surgery in Japan.

As [or public reporting, hospital-based evaluation might be
more relevant (han surgeon-based evaluation, Hospital vol-
ume index (lofal adult cardiac procedure volume, hospital
CABG-related surgery procedural volume, and hospital
CABG-only procedural volume) was significantly associated
with 30-day mortality and operative mortality, On the other
hand, the surgeon-volume index was not significantly associ-
ated with these outcomes, Inasmuch as there are few open-bed
hospitals and most surgeons and their teams belong 10 a single
hospital in Japan, a large proportion of surgeon volume might
be accounted for by hospital volume, Other studies suggest
that individual report cards might discourage surgeons from
operaling on high-risk patients, because it is surgeons, not
hospitals, that choose whether or not 10 accept a patient for
surgery.'? As for the public reporting regarding oulcomes
of cardiac surgery in Japan, releasing a hospital-based out-
come might be more preferable.

In 2002, the Japanese Ministry of Health, Labor and Wel-
fare set minimal standards by references 1o hospital proce-
dure volume for medical treatment fees on surgery.”’ As
for cardiac surgery, medical institutes in which the annual
cardiac surgery procedural volume was less than 100 had
their medical treatment fees lowered by 30%. As many stake-
holders objected, these standards were suspended in 2006,
Minimal volume standards for CABG surgery in Japan
may also be modest not only because most medical institutes
(over 60%) had been lowered by those standards™ but also
because of the limitation of procedural volume as a marker
of CABG quality. Even when a significant association exists,
hospilal volume is not a complete predictor of outcome for
individual hospitals. Inasmuch as hospital procedural volume
embraces physicians’ skills, experienced interdisciplinary

teams, well-organized care processes, and hospilal facilities,
it is a necessary factor when ouicomes are considered. How-
ever, many other parameters (namely, outcome monitoring,
compliance with process measures, approprialeness of pa-
tient selection for surgery) may also be associated with better
outcomes. ' Thus volume alone is not sufficient for predict-
ing outcome in Japan. In addition, there was wide variance in
the results observed among individual centers, particularly
those in the low-volume category (Table 1), indicating that
not all high-volume providers have betier ouicomes and not
all low-volume providers have worse outcomes. Further stud-
ies should include an examination of those parameters to im-
prove the outcomes of individual centers.

Outcome-based evaluation is also an imporant way lo im-
prove quality of CABG surgery. However, surgical monality
has scveral limitations as an indicator of hospital quality un-
der the present circumstances in Japan because small sample
size and low event rates combine to diminish statistical
power.*' Although volume is not a complete indicator of
quality, high-volume providers have, on the whole, better
outcomes than low-volume providers. In addition, the effect
of hospital procedural volume was significantly associated
with better outcomes in almost all patient subgroups (except
for low-risk surgery). Regionalization of medical centers on
the basis of hospital procedural volume might be effective
to improve quality to some extent, However, regionalization
has an impact not only on hospital quality, but also on pa-
tients" access, staffing of medical professionals, cooperation
with other departments in the hospital, and health care expen-
diture. As for specific health policy recommendations, further
analysis is needed to consider these factors. When case loads
become large enough 1o support ouicome measurement
through regionalization, it is also feasible 10 base quality as-
sessments on both ouicome data and volume (or on one of
these).

Several limitations should be noted. In the JACVSD anal-
ysis, we excluded centers that submitted fewer than JATS
resulls, because the appropriateness of patient selection for
procedural conditions secemed to be important for a volume—
oulcome study. A former study also found that high-volume
surgeons performed a higher proportion of operations for
which the indications were inappropriate than low-volume
surgeons.™ It is probably appropriate for fair comparison to
exclude centers whose reporting is incomplete. Moreover,
improving quality of the database is a continuing issve in
JACVSD. As for data accuracy, nol only data auditing
but also to educate each site’s input data in correct definition

is imponani.

We thank all members of the Japanese Associution for Thoracic
Surgery, all members of Japanese Cardiovascular Surgery Database,
Takahiro Kiuchi, and Yasuki Kobayashi for their tircless efforts 1o
ensure the timeliness, completeness, and accuracy of the registry
data,
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In 2002, the Japunese Ministry of Health, Labor, and
Wellure sct minimum standards by relating surgical fees
to hospital procedure volumes.' This policy may have
been based on the hypothesis that oulcomes of complex
health care procedures are belter when done by pro-
viders or hospitals that perform them more frequently.
Specifically, for cardiac surgery, medical institutions
that had an annual cardiuc surgery procedure volume off
fewer than 100 cases had their medical fees lowered by
30%. However. many of those closely involved ruised
objections 1o this practice. Although this siandard has
been suspended since 2006, the Japunese Ministry of
Health, Labor. and Wellare is still considering whether
regionalization based on hospital volumes would be
appropriate.

Meanwhile, the Japanese government updated the
medical practice laws in June 2006. Each local govern-
ment was given the power Lo require medical cenlers (o
submil and release “certain information™ that, it was
thought, would be useful to patients who are choosing a
hospital, starting in April 2007.7 As of January 2007, this
“gertain information™ includes hospital procedural
volumes but few outcome indicators such as operative

This editorial refers to the mnck' by Kazui ¢t al. on pp. 483492
of this issue of General Th and Cardio Surgery.
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of Medicine, University of Tokyo, Tokyo. Japan

mortality or morbidity rates. However, there exists a
possibility that the “certain information™ could come 10
include oulcome indicators similar 1o those used in
public reporting in New York State.”* We are facing
calls for more accountability for quality improvement in
thoracic surgery.

The report’ from the Committee for Scientific Alfairs
of the Japanese Association lor Thoracic Surgery (JATS)
offered valuable insight into these issues. In addition to
its representativencess, the Commitlee’s report covered,
on the one hand, many procedures in thoracic surgery:
on the other hand. its limitations should also be noted:
its failure to address risk adjustment, (he appropriate-
ness of patient selection, and the variety ol vutcones, As
for coronary artery bypass grafting (CABG) surgery.
another report’ from the Japanese Adult Cardiovascular
Database (JACVSD) conducted risk-adjusted analysis,
and its resulls suggested an inverse correlation between
hospital volume and operative mortality. Many other
systemalic reviews [rom outsile Japan have suggested
similar results in the health care field.* ' Because a hos-
pital’s procedural volume in cach ficld can be attributed
10 the skills of its physicians. experienced interdiscipline
ury teams, well-organized care processes, and hospital
fucilities, it is nccessary thal they be included when out-
comes arc considered, Although lurther detailed study
may be needed. especially for lung cancer surgery and
esophageal cancer surgery, the report of Kazui et al.!
is important not only for health policy issues but also
for quality improvement regarding Japanese thoracic
surgery.

As for health care quality improvement, regionaliza-
tion of medical centers bused on hospital procedural
volumes might be acceptable o some extent. However,
we thought that the former minimum standard set by the
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Japanese Ministry of Health was premature because
approximately two-thirds of Jupanese medical institu-
tions still conduct fewer than 100 procedures each per
year."" As the definitions of low volume within each field
and from ficld to field vary widely," minimum volume
standards necd 10 be set carefully for each specialty.
Morcover, regionalization has an impact not only on
hospital quality but on patient access, staffing with
medical professionals, cooperation with other depart-
ments in the hospital, and health care expenditure. It is
essential to examine carefully the effects of minimum
volume standards,

Volume alone is not sufficient for predicting oulcome,
s indicated by the large variation in the results observed
among the individual centers. Not all high-volume pro-
viders have better outcomes, and not all low-volume
providers have worse outcomes. In addition, not only
hospital volume but many other paramelers (e.g.,
outcome monitoring, compliance with process measures,
appropriatencss ol patient selection for surgery) may
well be ussocialed with belter outcomes.™” Quality
improvement in the health care lield can probably not
be achieved satisfactorily using minimum volume
standards alone. Evaluating and encouraging quality
improvement based on health care outcomes is also
important for improving the quality of thorucic
surgery.

Birkmeyer and Birkmeyer'! suggesied three stralegies
for improving surgical quality based on performance: (1)
centers of excellence (selective contracting, financial
incentives for patients, public reporting o direct patients
to the best hospitals or surgeons); (2) improvement of
quality in all hospitals by offering greater financial
reward for superior performance (“puy for improve-
ment™): and (3) improvement of quality in all hospitals
by underwriting clinical outcome registrics and quality
improvement activities ("pay for participation™)." These
outcome-based evaluntions need to satisly lwo require-
ments: (1) detailed clinical data for risk adjustment,”
and (2) a large enough sample size for each hospital’s
outcome indicator."™

In Jupun, however, no mature clinical database pro-
jeets and no lorums for discussion regarding risk adjust-
ment have been established except cardiovascular fields,
It may also be difficull in many medical centers to ensure
a large enough sample size for each procedure. We
believe it is too early Lo initiate public reporting or “pay

for performance™ procedures. Therefore, a “pay flor par-
ticipation™ system appears (o be the prime choice, at
least for the time being, for improving the quality of
surgery in Japan,
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ship between coronary artery bypass grafting (CABG) procedural volume and

oulcome in Japan. In reality, however, there are no high-volume programs in
this study. What the authors have actually provided us is the most extensive study
of low-volume and extremely low-volume CABG surgery in the literature, It comple-
ments previous studies from the United States that include some programs with low
volumes, and it provides a striking counterpoint to New York studies that are
weighted toward the high end of the volume spectrum,

This report illustrates the potential for good performance at low volumes, as well as
the statistical challenge of accurately measuring performance when sample sizes are
small. It raises a number of unresolved issues in the ongoing volume—oulcome debate,
at least as applied to CABG surgery. For example, some payers and other stakeholders
conlinue lo promole best-practice volume requiremenis that are increasingly beyond
the grasp of many programs, particularly as overall CABG volumes decrease nation-
ally. Is this approprinte policy given the available outcomes data? Because many
lower-volume programs function at a high level, can the public be prolecied while
at the same time not penalizing such excellent programs? Is there a rational lower vol-
ume limit for CABG surgery programs? Are there beller ways lo measure perfor-
mance that are less compromised by small sample sizes? Are there specific process
and structural approaches that might promote optimal functioning of small programs?

In the current issue of the Journal, Miyata and colleagues' describe the relation-

Is Low-volume CABG Surgery a Perlormance Problem or a Measurement
Problem?
CABG is unique: il is a mature, standardized procedure that is performed more fre-
quently than any other complex operation and that has also been scrutinized more
thoroughly. Notwithstanding the general validity of the volume-oulicome relationship
for a number of medical conditions and surgical procedures, daia from a variety of
sources suggest that many low-volume CABG providers achieve excellent results,
We believe the fundamental issue with low-volume CABG surgery is not inher-
enitly poor performance but rather the difficulty in accuraiely measuring performance.
These 2 perspectives have quite different implications. If it were clear that low-vol-
ume CABG providers were uniformly poor performers, immutably limited by their
lack of sufficient “practice,” then the only reasonable solution would be volume
thresholds. For some highly complex but very infrequently performed procedures,
such as esophagectomy or pancreatectomy, this might well be a justifisble approach.
In reality, however, excellent performance is achieved by many CABG providers
whose volumes, although they might number in the hundreds annually, do not meet
the thresholds of organizations like the Leapfrog Group (450 procedures per year).
In this circumstance, volume standards would unfairly stigmatize or penalize such
high-quality but low-volume providers, Furthermore, at a time when CABG volumes
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are decreasing, such thresholds could also have unintended
negative consequences. Given the importance of cardiac sur-
gery to most institutions, failure to meet guidelines for “cen-
ter of excellence”™ status or premium reimbursement might
have substantial adverse implications. This could result in
a perverse incentive lo relax approprialeness criteria lo
meel volume thresholds, which might have a net negative ef-
fect on the health system.

If one views low-volume CABG providers as a heleroge-
neous group, many of whom provide excellent results, then
the main issue is how lo accurately measure the performance
of individual programs, a challenge with small sample sizes
and limited mortality events. More comprehensive and robust
approaches to performance measurement could be developed
that are less limited by such concems, and specific program-
matic initiatives could also be implemented 1o facilitate high
performance in smaller programs,

We will examine both the evidence for a CABG volume-
outcome relationship as well as statistical problems with as-
sessing performance in low-volume ngrnma. Findings from
the study of Miyats and colleagues’ will be reviewed in the
context of these two issues. Finally, recommendations will
be presented to enhance both performance and its measure-
ment in low-volume CABG programs.

Previous CABG Volume—outcome Studies
Although the strength of the CABG volume-outcome rela-
tionship is probably exaggerated in some studies by failure
to account for sample size and clustering (eg, through the
use of hierarchical models),” there is little question that
some association exists. This was evident in the original
work of Lufl and associates” nearly 30 years ago, and it has
been demonstrated in numerous subsequent studies, includ-
ing those from the modem era.*”'" The srongest data support-
ing a volume-outcome association come from New York,
although these studies include very few programs that arc
truly low volume, and their findings might not be generaliz-
able. In 2004, for example, there were 39 New York programs
providing isolated CABG surgery, and 75% of these pro-
grams had volumes of greater than 214 procedures. It remains
uncertain whether the CABG volume—outcome relationship
applies toall patients'” or primarily to those at higherrisk.'*"
Notably, the volume strata and mortality ranges for CABG
are quantitatively unique among complex procedures in which
the volume-ouicome association has been investigated. In
studies by Birkmeyer and associates® using claims data on
901,667 Medicare patients, low and high volume hospital
calegories for CABG were < 230 procedures and > 849 pro-
cedures respectively, with an absolute montality difference of
only 1.1% (4.5% vs 5.6%) between these fwo extremes. In
contrast, the low and high volume ranges were <| and >16
procedures for pancreatecomy and <2 and >19 procedures
for esophagectomy, with absoluie differences in adjusied
montality that were orders of magnitude greater (16.3% vs

3.8% for pancrealeciomy, 20.3% vs 8.4% for esophagectomy)
than those for CABG.

Perhaps because it is a mature and frequently performed
procedure, the volume-ouicome association for CABG is
weak. Studies by Peterson and coworkers'* using 2000-2001
data from the Society of Thoracic Surgeons (STS) National
Adult Cardiac Database, adjusted for risk factors and cluster-
ing, demonstraied only a 0.07% decrease in monality for
every additional 100 procedures (P = .004). Because there
was substantial variability in mortality in all strata of volume,
there was limited abilily to discriminate among providers
based solely on volume. Similar findings were noted in a study
of 228,738 patients by Rathore and associates’ using data
from the 1998-2000 Nationwide Inpatient Sample. In both
studles, the vast majority of low-volume providers are distrib-
uled widely and symmetrically about the mean, with vanation
increasing at progressively smaller program volumes. Scatter-
plots of observed mortality versus volume in these studies
look strikingly similar to the funnel appearance of the 95%
confidence intervals of a binomial event, with an average oc-
currence rate of about 2% to 3%, taken at various sample
sizes." This is illustrated in Figure 1, a scalierplol based on
the 2004 isolated CABG results from Massachusetts, New
York, Ontario, and Califomia. Superimposed scauterplot
smoothers are roughly horizontal, showing liitle volume—out-
come association. Much of the variability in monality at low
volumes, regarded by many as an indicator of inconsisient
performance, is quite likely explained by sampling error,

Outcomes Profiling in Low-volume Programs
An altemative approach o volume thresholds is oulcomes
profiling. Public reponting of CABG outcomes is favored
by many policymakers and has been mandated by law in
states like New York and Massachuseits, Properly performed
(by no means a trivial caveat), such reports arc reasonably
objective, they provides irmnsparency and accountability, and
they address the most important interest of patients: operative
survival. However, they are the most demanding in terms of
the need for high-quality data, audit and validation, and
appropriate analytic methodologies. Even with larger sample
sizes, comparative assessmen! of provider performance can
be challenging, especially when based on a single outcome
such as mortality. This becomes increasingly problematic
s sample sizes (program volumes) decrease, a [eature illus-
trated previously with regard to volume-ouicome studies.
Outcomes profiling generates estimates of provider per-
formance derived from a snapshot in time, typically a year
of clinical activity. Such observed results are used 10 estimate
“true” underiying program quality, ideally with confidence
inlervals that indicale how certain we are about this point
eslimale, As noted previously, the statistical confidence inter-
vals around point estimates of monalily, an infrequent
binomial event, become quile wide with small sample sizes
(annual program volumes).* Much of the variation of annual
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fall to left of vertical line (100 cases annually)

Figure 1. Scatterpiot of 2004 coronary anery
bypass gratting (CABG) volume (x-axis) and risk-
adjusted mortality rates (RAMR y-axis) from

New York, Massachusetts, California, and On-

tario. Superimposed scatterplot smoothers are
relatively flat. There is wide variability in out-
comes at low volume, which is predominately

sampling error. In the 2001-2004 Japanese CABG
experience reported by Miyata and colleagues,’
approximately 34% of programs would lie 1o the
left of the vertical line drawn at a volume of 100
procedures annually (estimated by averaging the
results over these 4 years). Individual hospital
data from Japan were not svailable.
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montality rates among low-volume programs (eg, fewer than
100-150 procedures per year), as shown in Figure |, can be
largely explained by random statistical fluctuation, and this in
tumn limits the ability to draw firm conclusions about program
quality.*"* In studies by Dimick and colleagues,'* CABG was
the only complex procedure performed with sufficient fre-
quency by most programs to detect a doubling of mortality rate
based on 3-year aggregale data. However, as CABG montality
rales conlinue lo decrease, the sample sizes necessary lo detect
meaningful differences increase comespondingly.

The Japanese Experience: Extremely Low-velume
CABG Surgery

This brings us to the study by Miyata and colleagues' in the
current issue of the Journal, an extreme and revealing illus-
tration of both the “problems™ of low-volume surgery, as
well as some poiential solutions. The authors describe the
demographics of CABG programs in Japan, where annual
volumes are so uniformly low that there is simply no US an-
alog,™*” In Japan there has been limited regulatory oversight
of cardiac surgery program proliferation or performance prior
1o the past few years. Relative 1o their population size, lower
incidence of coronary disease, and number of isolated CABG
procedures, the number of CABG providers in Japan far
exceeds that of any publicly reported US states or the prov-
ince of Ontario, as demonstrated in Table 1. Overall, 76%
of Japanese programs perform fewer than 50 CABG proce-
dures annually. Only 5.6% of 540 Japanese cardiac surgery
programs (representing most of the programs in the country)
performed a1 least |00 CABG procedures annually between
January 2001 and December 2004, and 24.6% of programs
performed fewer than 15 procedures annually, Median an-

nual CABG volume was 28 procedures per year during this
period (interquartile range, 1549 procedures), and the aver-
age annual volumes ranged from 0.25 (o 293 isolated CABG
procedures, Using a threshold of 150 procedures annually,
98.3% of Japunese progrmms would be clussified as low or
very low volume by US standards. Based on the findings of
Miyata and colleagues,' 94% of Japanese CABG programs
would fall to the left of the vertical line (annual volume of
100 procedures) in Figure |, which would be very low vol-
ume by US and Canadian standards.

By comparison, during 2000-2001, the median volume of
CABG procedures among STS National Adult Cardiac Data-
base participants was 253,'" notably still less than the
Leapfrog threshold of 450 procedures. At the high-volume
extreme, New York has had a longstanding aggressive
approach lo monitoring and improving cardiac surgery qual-
ity.'® Between 1997 and 1999, median CABG volume al
New York hospitals was 527 procedures (mean, 577 proce-
dures; interquartile range, 331-816 procedures). Only 2.14%
of patients undergoing CABG were treated at hospitals per-
forming fewer than 200 such procedures annually,'™'" and
only about one tenth of New York hospitals had annual
CABG volumes of less than 200 procedures.

Given the consistently low volume of most Japanese
CABG programs, their overall results will come as a surprise
1o many, The most complete data source for this study was
a survey of 540 programs collecied by the Japanese Associ-
ation for Thoracic Surgery, including almost all programs in
the country. The overall monality rate was 1.9%, and mortal-
ity for all volume categories above 41 1o 50 procedures per
year was less than 2%, which is comparable with rates in
most US state and national CABG registries. Monality rates
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for programs with annual volumes of less than 41 to 50
procedures ranged from 2.42% 10 3.15%.

Because these voluntary survey data lacked both adequate
risk adjustment and careful audit, the authors also studied
a small subset of 36 highly selected Japanese programs that
contributed data 1o the Japanese Adull Cardiovascular
Surgery Database, a clinical registry modeled afier the STS
National Adult Cardiac Database. Table 2 of their article
demonstrales that patients in these programs had a distribu-
tion of risk factors not dissimilar to what would be observed
in many US CABG registries. Unadjusied 30-day mortality
was |.88%, and operative monality (including in-hospital
deaths occurring after 30 days) was 2.55%. Risk-adjusted
30-day mortality was 1.50% for programs with an annual
volume of 51 or more procedures and 2.14% for hospital vol-
umes of 31 to 50 procedures.

What Do the Japanese Resuits Tell Us?

These aggregale data illusirate the feasibility of achieving
good overall performance at low volumes, but they do not
address the problem of accurately measuring individual hos-
pital performance based on small samples, Although individ-
ual hospilal volumes and outcomes are not provided by the
authors, one would presume that al median volumes of 28
procedures per year, random sampling variation alone could
result in monality rates from zero o greater than 10% for
some programs, regardless of their underlying true perfor-
mance. With volumes and sampling variability in this range,
there is virually no practical way to monitor quality in any
meaningful time frame.

What are the implications of these gencrally favorable
results for policymakers in Japan and the United States? In
our view, despite the reasonable overall results, this study
certainly should not be interpreted as justification for reduced
vigilance of low-volume programs. Rather, it is just another
example, albeii a dramatic one, of how low-volume programs
can often function quite well. This study does not address the
issue of identifying individual high- and low- performing,
low-volume programs.

The Japanese study also leaves many other important
questions unanswered. For example, there are few if any truly
high-volume programs in this study with which to compare
the performance of their otherwise low-volume centers.
Overall Japanese CABG montality rates seem reasonable,
but are they optimal given their demographics and current
resources? If Japan had a number of true high-volume pro-
grams, would their mortality rates for the same patient popu-
lation be even lower than those currently being reported?

How Can Low-volume Programs Perform at High

Levels?
These seemingly good resulis should also lead us 10 inquire
more deeply into the structures and processes of care at these

low-volume Japunese programs. Even with the obvious ca-
veats regarding sample size and risk adjustment, there is no
compelling evidence in these results or clsewhere in the liter-
ature of a CABG montality crisis in Japan. Perhaps there are
lessons from this extreme example that might be applicable to
less exireme but smaller programs in other countries. To
some exient there is truth in the axiom that practice makes
perfect, and some level of repetition is essential for any
complex task. Bul repetition is not the only or perhaps
even the best path 10 high performance. Countless repetitions
of suboptimal practices only reinforce those practices and
leads 10 no improvement whalsoever. ldentification of opti-
mal practices affords the opportunity for substantial leaming
with every repetition, even if the overall number of repeti-
tions is smaller.

Why have so many programs been able to perform at least
reasonably well in this very low-volume environment? Are
there unmeasured differences in case mix or selection criteria
compared with the US experience? Is there a proportionately
higher volume of other types of cardiac surgery, including
CABG combined with other procedures, that maintains
both technical proficiency for individual surgeons and also
effective tcam functioning? Are there particular surgical tech-
niques, perfusion methodologies, or standardized periopera-
live care routines that have enhanced the overall outcomes
of their patients?

Team functioning can afTect CABG outcomes lo a greater
exient than in other procedures. Cardiac surgery is a team
effort, a complex interaction of surgeons, assisianis, nurses,
anesthesiologists, and perfusionisis. Low-volume surgeons
have better results when operating at high-volume hospi-
tls,*!" presumably because they benefit from their standard-
ized processes and team functioning. By the same token, even
a higher-volume surgeon might not function optimally when
working with an unfamiliar team, In a recently reported
Califomia experience, much of the salulary effect of being
a higher-volume surgeon was negated if the surgeon did not
perform these cases in the same institution (and presumably
with the same 1eam).'”

In the Japanese experience mosl surgeons work with their
own teams and lunction in only one hospital. Many cases are
staffed by 2 attending surgeons, and the authors also note the
importance of physician oversight of postoperative inlensive
care unit care. Finally, because of their insurance system,
there is less pressure for early discharge, which might reduce
the frequency and adverse effeci of unrecognized late compli-
calions and readmissions.

Recommendations

In light of past research and current findings, we can envision
a number of approaches to low-volume CABG surgery that
might have applicability both in Japan and elsewhere.
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Extreme Low-volume CABG Surgery: Consolidation or
Regionalization

Is there a lower acceptable limit for CABG volume? Despite
our strong support of direct outcomes measurement and gen-
eral skepticism of volume thresholds, it is intuitively difficult
10 believe that optimal CABG results can be achieved in an
institution performing a few procedures a month, the situation
in many Japanese programs, Perhaps there are unique geo-
graphic, demographic, cultural, or political considerations
that support the perpetuation of the most extreme low-volume
Japanese programs, bul these should be individually re-
viewed, Within this group, it is cenainly possible that some
programs perform well, However, al such extreme low
volumes, there is no possibility of accruing sufficient data to
reliably measure performance, at least in a reasonable time
frame. Consolidation of the most extreme low-volume pro-
grams would be, in our opinion, a significant step toward
a more rational CABG delivery system in Japan (and else-
where), How to define this category of programs is challeng-
ing, but in many areas fewer than 100 to 125 isolaled CABG
procedures annually might be a reasonable starting point for
discussion. The exception might be a center performing a large
number of other cardiac procedures combined with CABG.

Low-volume CABG Surgery: Improving Performance
Assessment

There are many smaller programs above the extreme low end
of the volume spectrum, and for them it is essential 1o develop
betler, more comprehensive, and timely methods to monitor
performance. This will necessitate uniform adoption of some
cumrently available methods. as well as the implemeniation of
some more innovalive approaches.

Clinical dota registry

Although participation in a clinical dala registry is important
for all cardiac surgery programs, it should be absolutely man-
datory for lower-volume programs to maximize the available
information regarding patient case mix, appropriaieness of
surgical indications, and risk-adjusied performance. In Japan,
the Japanese Adult Cardiovascular Surgery Database would
scem (o be an appropriate instrument with which 1o imple-
ment such a program, particularly given its established mech-
anisms [or audit and validation.

Statistical methodologies

For low-volume programs, performance estimales should be
based on multiple years of aggregate data and can be reported
as a rolling average. This provides larger sample sizes, albeil
at the expense of using some daia that are several years old
and perhaps less relevant 1o current conditions. The use of
hierarchical statistical models is also recommended lo address
sample size and clustering issues.'""

Several graphical methods can also aid in monitoring
program performance. Funnel plots have been advocated for
performance measurement' because they explicitly depict
the increasing random statistical uncenainty of a binomial
evenl at small sample sizes. The results from low-volume
programs look much less anomalous when viewed from this
perspective.

Another graphical approach 10 monitoring performance,
the CUSUM (Cumulative Sum) chart and its variants,”' has
also been used increasingly in recent years. These methods
provide sensitive, real-time monitoring with the potential
for earlier detection of deterioraling trends in performance,
and they might be less dependent on the accrual of large
sample sizes.

Composite measures

Composite measures of CABG quality hl\"B munlly been
developed and implemented by the STS,*' and these
might be particularly advantageous in following small pro-
grams that have a comespondingly Jow number of morality
end points. Because they contain more end points encom-
passing multiple domains of care (not just mortality), such
composites are useflul in assessing and comparing quality.
Additional end points include both morbidity ouicomes
measures and process measures, the latter including use of
intemal thoracic anery grafis and medications proved to
reduce long-term cardiovascular risk. The STS composite
CABG measure has been shown 1o enhance the ability to
difTerentiate performance among providers,

Appropriateness

Given the pressure 1o attain volume thresholds, il is pari-
cularly imponant io monitor procedures at lower-volume pro-
grams for appropriaieness. This can be done by using standard
criteria established by the American College of Cardiology/
American Heart Association.

Patient satisfaction

Measures of patient satisfaction are becoming increasingly
imponant, such as the Consumer Assessmeni of Healthcare
Providers and Systems program. Such measures can be par-
licularly useful in assessing the relative value to patients of
having surgical intervention in their smaller local hospital
versus traveling to a larger tertiary center,

Direct expert review

Finally, in some situations regulators might determine that
a particular low-volume program musi undergo case-by-
case monitoring by an exiernal expert panel as the quid pro
quo for conlinued licensure. This expert committee could
meet on a regular basis 1o review both appropriateness and
outcomes for each case.
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Low-volume CABG Surgery: Process and Structural
Aids to High Performance

Adherence to best practice guidelines

In addition 10 using more reliable and comprehensive mea-
sures of performance, smaller programs must have strong in-
centives (0 use established best practices. Based on practices
developed at larger institutions, these mighi help 10 offset
their relatively smaller experience.

Case selection

Except for emergencies in which patient transfer is not feasi-
ble, smaller programs should be highly selective in the type
of cases they perform. Although the individual surgeons
might be skilled and experienced in more complex opera-
tions, the experience of the team will likely be limited, as
will the other hospital resources necessary Lo care for such
patients perioperntively.

Sponsorship and oversight by tertiary centers

Ideally, low-volume programs should nol function in isola-
tion. When feasible, they should be sponsored by larger
tertiary centers that share the responsibility for ensuring and
improving their quality. Standardized processes of care can
be directly imporied from the teniary center, and there might
be periodic exchange of staff 1o bring new ideas and tech-
niques. Teaching conferences and lectures can be scheduled
regularly, either live or by means of videoconferencing, and
there might even be resident rolations from the lertiary center
10 the low-volume program. The low-volume center may
enjoy some volume purchasing advantages because of its
affiliation with the larger center. Sponsoring institutions share
joint responsibility with the low-volume center for staff cre-
dentialing, scrutiny of outcomes, and remediation when ap-
propriate. Finally, the low-volume center has an established
referral pathway for more complex and severely ill patients.
Because they are pan of the larger program, there is no incen-
tive to retain cases for which they are nol equipped (patient-
program mismaich). A prototype for such an ammangement
has been in place in Massachusetts for a number of years
and has lunctioned quite well.

Team functioning

Small programs should generally be restricied 10 one surgical
praclice group 10 minimize the potentially adverse effect of
competition for a limited number of cases. This structure
also maximizes the joint experience of the single surgical
team, an extremely imponant consideration, particularly
given the recent report from California.'” It may be useful
1o have \wo attending surgeons scrub, panticularly for more
difficult cases, apparently a common practice in Japan, This
maximizes the experience of both surgeons and provides
additional peer assistance.

Team functioning and cohesiveness can also be fostered
through crew resource management training, simulations,
and regular leam visits 1o tertiary centers.

Summary
Vaolume is only a proxy for outcomes, such as risk-adjusied
mortality, and the volume—oulcome relationship holds true
only on average.” Because of the weak relationship of
CABG outcomes 10 volume and the large sampling variation
of observed monality at low volume, attempts lo improve
CABG performance primarily through volume thresholds
are problematic, except at the extreme, Direct ouicomes mea-
surement is a much more reliable approach for both account-
ability and consumer guidance, and i1 is more predictive of
subsequent program performance.” From this perspective,
the grealest advantage of volume thresholds is to increase sam-
ple sizes |o enable more precise assessment of risk-adjusted
outcomes,™ the real metric on which we should focusing.
Many low-volume programs perform at a high level.
Although it is appropriate to discourage extremely low-
volume programs, many lower-volume centers nol meeting
Leapfrog or similar thresholds do provide high value 1o the
public. Approaches should be considered thal optimize the
functioning of such units, and more comprehensive tech-
nigues should be used to facilitale performance moniloring
in lower-volume settings.
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7 Clinteal

1, Introduction

Since the 1980s, much research has focused on measuring
and understanding the association between surgical volume
and outcomes in the delivery of health services [1,2]. Though
two systematic reviews have suggested that high volume is
assoclated with better outcomes for many surgical proce-
dures [3,4] no study has yet reported volume-outcome
effects for thoracic aortic surgery. Aneurysm and dissection
are the principal thoracic aortic diseases, and the surgical

and techniques used to treat these conditions are
similar [S]. Thoracic aortic surgery accounts for 19% of all
adult cardiac surgery in Japan, while isclated CABG surgery

* Funding The Jap
- fation for Thoracic Surgery, Japan Heart F
nese Health and Labour Sclences Research Grants.

o Muu.mr-mwmhgwnm.
Japan, Tel: «81 3 5800 9121; fax: 81 3 5800 9121,

£-mofl edéress: hiroaki. miyata@gmail.com [H. Miyata).

accounts for 48%, and valve surgery accounts for 29% [6].
Because thoracic aortic surgery comprises a large proportion
of the cardlac surgery In Japan, volume-outcome analyses of
these procedures have important implications for Japanese
health policy. Moreover, such an analysis may also be valuable
for other countries considering the efficacy of their
healthcare delivery systems.

In this study, we investigated the association between
hospital thoracic aortic surgery volume and clinical out-
comes, using data from the Japan Adult Cardiovascular
Surgery Database (JACVSD). The data collection form for the
JACVSD is almost identical to that of the Soclety of Thoracic
Surgeons (STS) National Cardiac Database. Because previous
systematic reviews [3,4] have suggested that the variability
in reported volume-outcome assoclations can be partly
attributed to methodological shortcomings, rigorous design
and analysis was considered to be essential. in this study we
examined the relationships of hospital and surgeon proce-
dural volume, appropriateness of patient selection, risk

7940/§ ~ see front 2009 Assoclation for Cardio-Thoracle Surgery, Published by Elsevier B.Y. All rights reserved.
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adjustment by risk model [7] with good calibration (H-L test
+) and discrimination (C-index >0.75). We also used a
hierarchical mixed-effects logistic regression model [8].

2, Methods

2.1. Study population

The JACVSD was established in 2000 to report detailed
surgical outcomes following cardiothoracic procedures. In
2009, the database captured clinical information from nearly
half of the centers conducting cardiovascular surgery in
Japan. The data collection form has a total of 255 variables,
which are almost identical to those used in the STS National
Database (available online at http://sts.org). Definitions of
JACVSD variables (available online at http://www.jacvsd.u-
min.jp) are also based on those of the STS National Database.
Through the JACVSD system, data managers at each
participating hospital enter data into a web-based data
collection system. While participation in the JACVSD Is
voluntary, submissions tend to be thorough, with overall
preoperative risk factors used in risk models missing in fewer
than 3% of entries. The accuracy of the submitted data s
verified through monthly visits to each hospital by admin-
fstrative office members. After checking the data against
clinical records and operative notes, administrators request
that hospitals clarify any incomplete or unclear submissions,
The validity of JACVSD data has further been confirmed by
independent comparisons of hospital adult cardiovascular
surgery volume submitted to the JACVSD against that
reported to the JATS (The Japanese Association for Thoracic
Surgery) data registry. We excluded eight centers that
entered fewer cases in JACVSD than in JATS,

We identified all thoracic aortic surgery procedures
performed between January 1, 2003 and December 31,
2005, Including those combined with CABG surgery, valve
surgery or other major surgical interventions. Fifty centers
were members of JACYSD as of January 1st, 2003. After
excluding eight centers for incomplete submissions and two
centers for low theraclc aortic surgery volume (<5 proce-
mwm).wmmmlmmmnm.
Including data of these 10 centers did not affect results of

analysis,
2.2. Statisticol analysis

Thepﬂmwmmememdumnmdysbwum-
day operative mortality, defined as either 30-day mortality or
death prior to hospital discharge [9). The annual case volume
of hospitals and surgeons was averaged over three years
(2003-2005) to stabilize volume fluctuations.

The impact of hospital volume on unadjusted outcomes
was tested using a hierarchical mixed-effects logistic
wmmmmumem
this study: thoracic aortic surgery volume of hospitals and
surgeons, and total adult cardiovascular surgery volume
(CABG, valve, thoracic aorta, other) of hospitals and
surgeons. Previously identified clinical risk factors M.
procedure year, clinical events {beta-blocker usage), range
of replacement (root, ascending, arch, distal aorta, descend-

ing, thoracoabdominal, abdominal) hospital procedural
volume, and surgecn volume were set as fixed effects, and
sites were used as random intercepts [B].

For 30-day operative mortality, we also presented volume
interaction per hospital volume x surgeon volume (Table 3)
and conducted subgroup analysis by patient age (<65 years
and >65 years, Table 4 and preoperative risk (Table 5). Risk-
adjusted mortality rates for each category were calculated
by dividing the observed mortality rate by the expected
mortality rate at the same hospital and muitiplying by the
overall thoracic aortic mortality rate of the JACVSD.

3, Results

Table 1 displays the patient characteristics of the JACVSDas
a function of hospital volume, Between 2003 and 2005, 2875
thoracic aortic surgeries were performed at 36 participating

Although volume was considered to be a continuous
variable In this analysis, unadjusted outcomes were divided
according to annual hospital procedural volume for display
purposes. The break points were selected to create three
similarly sized hospital samples (5-20, 2040, >40) of JATS
data registry. Thirteen of the JACVSD participating hospitals,
involving 481 patients, were categorized as medium-low
volume hospitals (5-20 procedures per year); 14 hospitals,
with 996 thoracic aortic surgery procedures, were categorized
as medium-high volume hospitals (21—40 procedures per
year); and 9 hospitals, with 1398 thoracic aortic surgery
procedures, were categorized as high-volume (>40 proce-
dures per year) hospitals, Based on risk models presented in
former research [7], we calculated patient preoperative risks.
The C-index values for these models were 0.78 for 30-day
mortality and 0.78 for 30-day operative mortality. The average
expected surgical mortality risk rates were 4.7% In medium-
low volume hospitals, 5.3% in medium-high volume hospitals,
and 4,0% In high-volume hospitals.

Overall, there were 210 cases of operative mortality,
including 168 cases of 30-day mortality (42 patients died in
hospital at greater than 30 days). Rates of operative
mortality were reduced in high-volume hospitals, as

to middle-low volume hospitals (Table 1).
Table 2 displays the effect of each volume index on mortality
outcomes, Only thoracic aortic surgery volume of hospitals
was assoclated with significantly reduced 30-day mortality
and 30-day operative mortality, Table 3 demonstrates the
effect of hospital and surgeon procedural volume on risk-
adjusted operative mortality rates. The lowest risk-adjusted
operative mortality results (6,9%) were found in both high-
volume surgeons at high-volume hospitals and low-volume
surgeons at high-volume hospitals, Subgroup analysis of the
of volume indices on mortality outcomes s shown in
Tables 4 and 5. These subgroup analyses revealed that both
unadjusted and risk-adjusted mortality rates were lower in
high-volume hospitals than in middle-low volume hospitals.
Only patients with expected risk over 6% (p <0.05) and
patients under 65 years of age (p < 0.05), however, had
consistently lower mortality when treated at high-volume
centers, No statistically significant effect of volume was
noted in patients with an expected risk of less than 6% or in
patients 65 years of age and older.
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Tabie |
Patients ch r and
Hospital thoracic acrtic surgery volume, procedures per year Al p value
5-20 00 40—
Ho. of patients an b 1298 873
M, of hespitals 5] 14 9 %
Age a1 operation, median (IQR) 69.0 (41-75) 0.0 (59-73) 69.0 (38-73) 69.0 (55~-T3) 0.500
Sex (male) 6.6 (28] 69.1 664 0.006
Body maws index >26 .4 w.7 20 0.6 0.945
History of smeking 45.7 4.9 45.4 4.3 0.691
Histary of dlabetes 10.0 [ K] 9.4 9.2 0.85%
Dlabetes contrel 69 55 &5 6.2 0.608
Precperative creatinine 1.0—4.0 42 7 L? 1N ] 0.952
Preoperative creatining 4.0 .7 L7 .4 21 0.120
COPD (moderate, severe) 40 .6 e 1) 0,135
Meurological 7.1 5.0 5.4 55 0.294
Marfan syndrome 48 18] 46 a1 0.869
Previows aortic stent graft 1.9 .1 11 1.7 0.312
15 12 1.8 14 0.095
Congestive heart lallure 6.0 4 5.4 (X ] 0.002
History of renscitation 23 1.9 1.1 (] 0.02
HYHA class IV 10.¢6 [ X1 .7 T4 <0.001
Left maln diseme >50% 11 1.5 Le 1.7 0.439
¥ function (bad) 11 1.7 .4 1.6 0.513
Reoperation 1.3 7.8 .1 [ X} 0.am
Status (urgent) 1.4 .5 1.2 .7 o0.002
Status (emergent, salvage) ns no 1%.1 5.6 <0.001
CABG 6.4 [ X ] 4.1 6.0 <0.001
Unexpected CAMG 1.0 1.5 0.5 0.9 0.057
Aneurysm type (disection) 45.3 41 0.4 a7 <0.001
Ope Indication (rupture™) [ %] 1.7 1.9 9.4 <0.001
Precperative risk (cperative mortality]” 4.7 P.1-9.0) 5.3 3.2-4.9) 4.0 (2.8-7.%) 4.4 D.0-8.8) <0.001
10-day mortality 9.6 (R} 4.4 59 <0001
30-day operative mortality 10.8 7.7 5.8 73 0.002

* Precperative risk was calculsted on the basis on JACYSD risk model.
" Mumber of pattents are for 3-year periods (200)-2005).
= Extravasation of blood Lo the out side of acrtic lumen.

Table 2
The effect of volume Index on cach cutcome.
Yolume (ndex, procedures per year 10-day mortality Operative mortality
P values Odds ratlo p values Odads ratio

Hespital thoracic aortlc surgery velume o0.07 0.988-0.9% o.o2 0,989-0.999
Surgeon Lhorscic senic surgery velume 0.324 0.997-1.00 0.49 0.996-1.008
Hospital adult cardiovascular surgery volume 0.246 0.998-1.000 0,057 0.998-1,000
Surgean adult cardiovascular surgery volume 0.847 0.997-1.002 0.619 0.998-1.003
Table )
Risk-adjusted mortality, by hospital and surgeon volume (n » 2875).
Surgeon thoracic aorta Hospital thoracl sorta volume, procedures per year' Overall
volume, procedures per year —————

-0 20-40 40~

5 n 2 n 5 a b n
-15 1.0 481 72 &40 6.9 ] 82 17s
1% - o 79 1% 6.9 A 11 159
Ovenall ne s 75 996 6.9 129

* Mumber of patients are for J-year periods [2003-2005).

4. Discussion

In this study higher annual hospital thoracic aortic surgery
volume of hospitals is associated with reduced mortality
rates for thoracic aortic surgery. In Japan it is not the hospital
pmioaltwdwm:rquﬂwﬂ.mmwm

specific thoracic aortic surgery volume that might be
preferable for quality indicator of thoracic aortic surgery.
Hierarchical mixed-effects logistic regression models
suggested that high-volume hospitals had better outcomes
than low-volume hospitals. These results support the findings
of previous systematic reviews, which have reported that

Please cite this article in press as: Miyata H, et al. Toward guality improvement
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Table 4
Unadjusted and risk-adjusted mortality by patient 2ge group (n = 2875).

Age younger than 65 yean Age 65 years and older

Hespital thoracic aorta volume' Hospital thoracic aorta volume’

5-20 040 40— 520 0-40 -
Mo. of patients 169 51 s17 m a5 a8
Unadjusted mortality 10.06 541 4% 122 99 670
Risk-adjusted mortality . 43 1» 10.54 T.48 6.94
b velue (hospltal volume) 0.0)7% Did not comverge
Odds ratio 0.981-0.9%9 -

" Mumber ol patients are for 1.year periody (2003-2005).

Table §
Assoclation between hospital thoracic sortic surgery volume and mortality, by expected risk (n = 2875).

Expected risk <.0%" Expected risk 26.08"

Hospital thoracic sora volume Hospital thoracic aorta volume

5-20 . 2040 a0~ 5-10 20-40 40—
Ho, of patients 180 546 S00 01 450 49

martality pE1 130 L0 m.19 nn 12.65
Risk-adjusted mortatity”™ .49 .6 1.60 19.78 11.94 1258
p value (hospiial volume) 0.26) 0.019
Odds ratio 0.990--0.1003 0.989-0.999
X risk was calculated based on JACYSD risk model.

* Results further adjusted with risk group to ensure conttant rek profiles.

high volumes are assoclated with better outcomes across a
wide range of procedures and conditions [3,4]. Table 3 shows
that the mortality outcomes of high-volume surgeons at high-
volume hospitals were similar to those of low-volume
surgeons at high-volume hospitals. Though both hospital
volume and surgeon volume might affect outcomes of
thoracic aortic surgery, the effect of hospital volume made
a stronger impact on outcomes than surgeon volume in
Japan. Similarly, our previous volume-outcome analysis for
isolated CABG surgery found similar tendency between
surgeon volumes and CABG outcomes [10]. This finding
counters a recent study in American hospitals, which found
that surgeon volume was inversely related to operative
mortality for many procedures [11]. The reasen that surgeon
volume appears to have less effect on mortality outcomes In
Japan than In other countries fs likely multi-factorial.
Because multiple surgeons are affillated with a single hospital
in Japan, information from patient cases and conference
experiences are shared with many cardiovascular surgeons
and other medical staff in a given hospital. The requirement
within the Japanese cardiovascular surgery system that at
\east two surgeons perform a given cardlac surgery procedure
might alsa contribute to the reduced effect of surgeon
volume on mortality outcomes. Even when a low-volume
surgeon acts as the primary surgeen, high-volume surgeons
often participate as assistant surgeons, particularly in
complex procedures like thoracic aortic surgery. High-volume
hospitals might also pass down techniques by serving as
teaching Institutes. For these reascns, the effect of surgeon
volume on outcomes of thoracic aortic surgery in Japan might
be different from those of other countries.

Though thoracic aortic surgery volume of hospitals
significantly Impacted mortality outcomes, total adult

cardiovascular surgery volume of hospitals did not reach
statistical significance. As thoracic aortic surgery Is one of
most difficult procedures in cardiovascular surgery, some
centers never perform it and transfer their patients to other
centers, Moreover expert surgeons of thoracic aortic surgery
and expert surgeons of other cardiovascular procedure (CABG
surgery or valvular surgery, congenital heart surgery) are
different in many Japanese hospitals. Thus, a hospital that
has high volume of total adult cardliovascular surgery does not
always have high volume of thoracic aortic surgery, Our
results suggest that procedural volume of total adult
cardlovascular surgery may not be a relevant indicator for
outcome of thoracic aortic surgery. As for the public
reporting regarding high-risk procedures such as thoracic
aortle surgery, hospital procedural volume of the appropriate
procedures may be more useful than those of total

Even with a statistically significant association between
overall hospital volume and bulk mortality trends, hospital
volume does not completely predict outcome for individual
haspitals. Although not all high-volume providers have better
mortality outcomes and not all low-volume providers have
worse outcomes, hospital procedural volume is an important
parameter. Hospital procedural volume encompasses physi-
clan skill, the experience of interdisciplinary teams, the
organization of care processes, and the quality of hospital
facllities. Many other parameters, however, may be more
closely associated with outcomes. Such parameters may
fnclude outcome monitoring, compliance with process
measures, and appropriateness of patient selection for
surgery [12,13). Volume alone, therefore, is not sufficient
to predict mortality outcomes in Japan. Further studies
should include an examination of alternative parameters in

Please cite this article in press as: Miyata H, et al. Toward quality improvement
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order to improve the outcomes of Individual centers.
Outcome-based evaluation fs also an Important strategy to
mmmndwmwum
wuummmdmmmtmmsd
limited value in the current Japanese system because small
size and low event rates tend to diminish
power [14). If caseloads become large enough to suppart
outcome measurement through establishment of high-
volume centers, quality assessments may be based on both
outcome data and volume,

Several limitations of this study should be noted. in the
JACVSD analysis, we excluded centers that had fewer
submissions to JACYSD than to JATS, because we felt that
surgical patient selection should be matched across data-
bases in a volume-outcome study. In addition, a previous
mmmtwwmmmmmdamm
mumcmmwmmm
tions than low-volume surgeans [15]. The quality of database
information, in JACVSD, Is also a concern. We
determined that excluding centers with incomplete report-
ing was appropriate. Regarding data accuracy, future efforts
to carefully audit data submission and educate medical
centers as to term definitions will be Important.
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Results: The 30-day mortality rate for cardiovascular surgery was 4.62% without regionalization.
Afier regionalization, the estimated rate was 4.40% for annual case volumes under 10, 4.28% for
volumes 10-24, 3.78% for volumes 2549, and 3.12% for volumes 50-74. The average annual
number of patients who must travel at least an exira 30 kilometers after regionalization are: 0.8
palients for case volumes under 10 (0.001% of lotal patients), 12.3 patients for volumes 10-24
(0.02% of total), 88.3 patients for volumes 25-49 (0.2% of total), and 179.3 patients for volumes 50-
74 (0.3% of lotal).

Conclusion: The results indicate that, after regionalization, the 30-day mortality rate did improve for
hospitals with 25-49 and 50-74 annual surgeries. While increased travel times may be critical for
palients requiring emergency surgery, the resulls suggest that low-volume hospilals gel relatively
few such cases. In many regions, improving the transportation system for emergency cases may
be more effective than maintaining a low-volume,
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