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Abstract
Objectives. The aim of this study was to investigate the 
relation between hospital volume and clinical surgical 
outcome for 10 cardiac, lung, and esophageal surgical 
procedures.
Methods. The Committee for Scientifi c Affairs of the 
Japanese Association for Thoracic Surgery collected the 
pooled data on cardiac, lung, and esophageal surgical 
procedures between 2000 and 2004 from the annual 
reports. The relation between operative mortality (30-
day or in-hospital mortality) and hospital volume was 
analyzed using a logistic regression model. The surgical 
procedures studied were surgery for acquired cardiac 
diseases [coronary artery bypass grafting (CABG), valve 
procedures, acute type A dissection surgery], total CABG 
(elective + emergency), elective CABG, emergency 
CABG, single-valve surgery, acute type A dissection 
surgery, open heart surgery for the newborn, open heart 

surgery for the infants, lung cancer surgery, and esopha-
geal cancer surgery. The data used in this study were not 
risk-adjusted.
Results. The data on the relation between hospital 
volume and operative mortality generally tended to 
show an inverse correlation for all 10 cardiac, lung, and 
esophageal surgical procedures; that is, the higher was 
the volume the lower was the mortality. However, wide 
variations in operative mortality were noted among the 
very-low-volume hospital groups.
Conclusion. An inverse correlation was noted between 
hospital volume and operative mortality in the present 
study, although wide variations in clinical outcome were 
noted among the very low-volume hospitals. Further 
analysis is warranted using risk-adjusted data.
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Introduction

There has been increasing interest and awareness among 
health care consumers and purchasers about the quality 
of health care. Over the past few decades, numerous 
studies, most of them in the United States, have focused 
on the association between the volume of health services 
provided by hospitals and physicians and patient out-
comes.1–9 Most of these studies have indicated that higher 
volume is associated with better outcomes, although 
others have found no relation between them.10,11 The 
trend has been explained by the hypotheses that physi-
cians as well as hospitals develop better skills as they deal 
with more patients of a particular type and that centers 
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that achieve better results with a particular procedure 
tend to receive more patients of that type through 
increasing referrals.12 A question remains, however, 
regarding the generalized applicability of the inferences 
derived from these studies. Some of these studies have 
worked with regional populations served by a small 
number of high-volume centers. Moreover, although 
some conditions or procedures have been studied exten-
sively, there are many other high-risk procedures that 
have remained relatively unexplored.

In 2002, the Japanese government’s Ministry of 
Health, Labor, and Welfare put into effect a policy of 
reducing the reimbursement of health insurance money 
by 30% for the hospitals that deal with fewer than 100 
patients of open heart surgery in a year. This refl ected 
the government’s perception that the lower-volume hos-
pitals fared worse in terms of surgical outcome. However, 
many surgeons and institutions across the country voiced 
their concern about this policy because in their opinion 
there was no scientifi c basis that could justify such an 
action. The policy was later abolished. It is therefore 
clear that an objective assessment of the volume–outcome 
relation is now a matter of great practical importance to 
both health professionals and health care consumers in 
Japan. Although some previous studies have tried to 
investigate this issue,13–15 they worked with limited data 
on selected procedures only. The Japanese Association 
for Thoracic Surgery (JATS) has been collecting, analyz-
ing, and publishing nationwide patient data on thoracic 
surgery every year, giving us a unique opportunity to 
work with the national thoracic surgical database. 
Taking advantage of this possibility, we analyzed the 
data for all cardiothoracic surgical procedures and report 
the relation between hospital volume and surgical 
outcome for 10 thoracic and cardiovascular surgical pro-
cedures. This is the fi rst attempt at analyzing these data 
from this perspective.

Subjects and methods

The Committee for Scientifi c Affairs of the JATS con-
ducts an annual survey of cardiothoracic and esophageal 
surgery among its member institutions across the country 
and accumulates data. The subjects of the present study 
are patients undergoing the following 10 cardiac and 
thoracic procedures.

 1.  Surgery for acquired cardiac diseases (CABG, valve 
procedures, acute type A dissection surgery)

 2. Total CABG (elective + emergency)
 3. Elective CABG
 4. Emergency CABG
 5. Single-valve surgery
 6.  Acute type A dissection surgery on an emergency 

basis
 7. Open heart surgery for newborns
 8. Open heart surgery for infants
 9. Lung cancer surgery
10. Esophageal cancer surgery

The study was conducted using a database that was 
compiled over a 5-year period, from 2000 to 2004. A 
written questionnaire was sent to the participating insti-
tutions at a designated time every year with the aim of 
collecting surgical data. The average response rates from 
participating institutions during the study period were 
94.9% for cardiac surgery, 93.5% for lung surgery, and 
87.4% for esophageal surgery. The number of cases for 
each procedure and the number of institutes participat-
ing are listed in Table 1.

Statistical analysis

Data analysis was performed in a uniform way for all 
procedures. Only the institutions providing data for a 

Table 1 Subjects of the study

Surgical procedure No. of patients No. of institutions

Acquired heart disease surgery 153 616 556
Elective + emergency CABG 101 321 551
Elective CABG 84 468 483
Emergency CABG 13 900 509
Single-valve surgery 40 619 485
Acute type A dissection surgery 10 097 439
Open heart surgery in newborns 2 611 131
Open heart surgery in infants 8 586 135
Lung cancer surgery 94 854 526
Esophageal cancer surgery 21 020 551

CABG, coronary artery bypass grafting
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minimum of 4 years were included. Case volume was 
determined on the basis of the mean number of cases 
each year for 5 years. Mortality for heart and lung 
surgery was defi ned as the 30-day mortality, whereas 
that for esophageal surgery was in-hospital mortality. 
However, risk adjustment in terms of age, preoperative 
conditions, co-morbidities, and disease severity, among 
after factors was not done for these patients. Table 2 
shows a stratifi cation of the participating institutions 
based on the mean annual number of surgical 
procedures.

We assessed the correlation between clinical outcomes 
(30-day mortality and in-hospital mortality) and hospi-
tal volume for each surgical procedure. We represented 
the categories of volume by the dummy variables and 
estimated the volume effect using logistic regression 
model. To account for the 5-year longitudinal data, we 
estimated parameters and standard errors using general-
ized estimating equations.16 We put the dummy variables 
that represent the years in the model and estimated the 
effects for each year. When estimation of the model with 
the dummy variables of the years did not converge, we 
used the model without the dummy variables. All P 
values are two-sided. We then assessed the unstratifi ed 
volume–outcome relation for all patients with a proce-
dure irrespective of their institutions using the Pearson’s 
correlation coeffi cient method. All analyses were per-
formed with SAS version 9.1 (SAS Institute, Cary, NC, 
USA).

Based on the relation between volume and operative 
mortality, scatter diagrams were prepared. The vertical 
axis of the scattergrams represents the operative mortal-
ity, and the horizontal axis represents the case number 

or average annual hospital volume. Numbers along the 
horizontal axis indicate the average annual case volume 
for an institution. One dot represents one institute. The 
odds ratio (OR) was calculated in relation to that of the 
highest-volume centers, which was considered to be 1.00. 
The OR and mortality rates are cited in the correspond-
ing table. Statistical signifi cance was conferred only 
when the lower limit of the 95% confi dence interval (95% 
CI) was >1.00, which is marked with an asterisk in the 
corresponding table.

Results

The results for each procedure are depicted in scatter-
grams 1 through 10 each with their corresponding 
tables.

Acquired heart disease surgery

Scattergram and corresponding table in Fig. 1 shows the 
relation between hospital volume and 30-day mortality 
in the case of surgery for acquired heart disease. A total 
of 153 616 patients were operated on at 556 institutions 
across the country with an average mortality of 3.9%. 
Altogether, 76 hospitals had more than 100 cases per 
year, with a mortality rate of 2.3%; those with fewer than 
25 cases had a mortality rate of 4.9% (OR 2.15, 95%CI 
1.74–2.66). This was statistically signifi cant when com-
pared with the mortality rate of the highest-volume hos-
pitals. However, among the low-volume hospitals, the 
mortality rates varied widely (from as low as 0% to as 
high as 100%). Pearson’s correlation coeffi cient for the 

Table 2 Stratifi cation of the participating institutions based on the annual number of surgical procedures

Surgery for acquired cardiac diseases (CABG, single-valve surgery, acute type A dissection surgery)
  n = 1–24, n = 25–49, n = 50–74, n = 75–99, n ≥ 100
Total CABG (elective + emergency)
  n = 1–24, n = 25–49, n = 50–74, n = 75–99, n ≥ 100
Elective CABG
  n = 1–24, n = 25–49, n = 50–74, n = 75–99, n ≥ 100
Emergency CABG
  n = 1–4, n = 5–9, n = 10–14, n = 15–19, n ≥ 20
Single-valve surgery
  n = 1–14, n = 15–29, n = 30–44, n = 45–59, n ≥ 60
Acute type-A aortic dissection surgery on an emergency basis
  n = 1–4, n = 5–9, n = 10–14, n = 15–19, n ≥ 20
Open heart surgery in newborns
  n = 1–4, n = 5–9, n = 10–19, n ≥ 20
Open heart surgery in infants
  n = 1–4, n = 5–19, n = 20–49, n ≥ 50
Lung cancer surgery
  n = 1–9, n = 10–24, n = 25–49 n = 50–74, n = 75–99, n = 100–149, n ≥ 150
Esophageal cancer surgery
  n = 1–4, n = 5–9, n = 10–14, n = 15–19, n = 20–29, n = 30–39, n ≥ 40
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volume–outcome relation of the whole group was −0.150 
(P < 0.0001).

CABG (elective and emergency)

Scattergram and corresponding table in Fig. 2 show the 
relation between hospital volume and 30-day mortality 
in the case of total CABG (elective + emergency). A total 
of 101 321 cases were operated on at 551 institutions 
across the country with an average mortality of 2.8%. 
Altogether, 29 hospitals had more than 100 cases with a 
mortality rate of 1.3%; those with fewer than 25 cases 
(249 institutions) had a mean mortality of 3.4% (OR 2.4, 
95%CI 1.80–3.22). This was statistically signifi cant when 
compared with the mortality rate of the highest-volume 
hospitals. The mortality rate varied widely among the 
low-volume hospitals (0% to >25%). Pearson’s correla-
tion coeffi cient for the volume–outcome relation of the 
whole group was −0.100 (P < 0.0001).

Elective CABG

The scattergram and corresponding table in Fig. 3 show 
the relation between hospital volume and 30-day mortal-

Fig. 1 Scattergram for total acquired heart disease surgery showing 
the 30-day mortality rate according to the number of operations. 
The associated table shows the actual number of operations and 
the mortality rates. r, Pearson’s correlation coeffi cient; S.D., 
standard deviation; C.V., coeffi cient of variance; LCL, lower 
confi dence limit; UCL, upper confi dence limit; *statistically 
signifi cant

Fig. 2 Scattergram for total coronary artery bypass grafting 
(CABG) (elective and emergency) showing the 30-day mortality 
rate according to the number of operations. The associated table 
shows the actual number of operations and the mortality rates

Fig. 3 Scattergram for elective CABG showing the 30-day mortal-
ity rate according to the number of operations. The associated 
table shows the actual number of operations and the mortality 
rates
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ity for elective CABG. A total of 84 468 patients were 
operated on at 483 institutions, with an average mortal-
ity of 1.5%. A total of 23 hospitals dealt with 100 cases 
or more. The mean mortality at these institutions was 
0.7%; those with fewer than 25 cases per year had a 
mortality of 2.0% (OR 2.64, 95%CI 2.01–3.46). The 
difference was statistically signifi cant. The trend of 
variation in mortality among the low-volume hospitals 
was maintained (from as low as 1% to as high as >20%). 
Pearson’s correlation coeffi cient for the volume–outcome 
relation of the whole group was −0.095 (P < 0.0001).

Emergency CABG

The relation between hospital volume and 30-day mor-
tality for emergency CABG is represented in the scat-
tergram and its corresponding table in Fig. 4. A total of 
13 900 patients were operated on at 509 institutions, with 
an average mortality of 10.9%. Altogether, there were 15 
hospitals that dealt with an annual mean of 20 cases or 
more. The mean mortality at these institutions was 6.3%; 
those with fewer than 5 cases in a year (303 institutions) 
had a mortality rate of 13.2% (OR 2.04, 95%CI 1.30–
3.19). The difference was statistically signifi cant. The 
mortality at some of the low-volume hospitals was 
zero but was 100% at some other centers with a similar 

case volume. Pearson’s correlation coeffi cient for the 
volume–outcome relation of the whole group was −0.186 
(P < 0.0001).

Single-valve surgery

The scattergram and corresponding table in Fig. 5 show 
the relation between hospital volume and 30-day mortal-
ity for single-valve surgery. A total of 40 619 patients 
were operated on at 485 institutions, with an average 
mortality of 3.7%. Altogether, 13 hospitals dealt with 60 
cases or more in a year. The mean mortality at these 
institutions was 1.3%; those with fewer than 15 cases had 
a mortality that was almost four times as high (4.6%) 
(OR 3.58, 95%CI 2.57–4.98). The difference proved sta-
tistically signifi cant. The trend of variation in mortality 
among the low-volume hospitals was maintained (from 
as low as 0% to as high as 40%). Pearson’s correlation 
coeffi cient for the volume–outcome relation of the whole 
group was −0.099 (P < 0.0001).

Acute type A dissection surgery

The relation between hospital volume and 30-day mor-
tality for acute type A dissection surgery is represented 
in the scattergram and its corresponding table in 

Fig. 4 Scattergram for emergency CABG showing the 30-day 
mortality rate according to the number of operations. The associ-
ated table shows the actual number of operations and the mortal-
ity rates

Fig. 5 Scattergram for single-valve surgery showing the 30-day 
mortality rate according to the number of operations. The associ-
ated table shows the actual number of operations and the mortal-
ity rates
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Fig. 6. A total of 10 097 patients were operated on at 
439 institutions, with an average mortality of 16.3%. 
There were only four hospitals dealing with an annual 
average of 20 cases or more. The mean mortality at 
these institutions was 7.9%; those with fewer than 5 
cases (273 institutions) had a mortality of 18.5% (OR 
2.16, 95%CI 1.48–3.16). The difference between the 
high-volume and low-volume centers proved statisti-
cally signifi cant. Some of the low-volume hospitals 
achieved very low mortality rates, whereas others had 
fi gures reaching as high as 100%. Pearson’s correlation 
coeffi cient for the volume–outcome relation of the 
whole group was −0.122 (P < 0.0001).

Open heart surgery in newborns

The scattergram and corresponding table in Fig. 7 show 
the volume–mortality relation for open heart surgery in 
newborns. A total of 2611 patients were operated on at 
131 institutions, with an average mortality of 19.8%. 
Only four hospitals dealt with an annual average of 20 
cases or more. The mean mortality at these institutions 
was 9.7%; those with fi ve to nine cases had a mortality 
of 24.1% (OR 2.84, 95%CI 1.23–6.59). The difference 
proved statistically signifi cant. Centers with fewer than 

fi ve cases per year had a mortality of 19.3% (OR 2.20, 
95%CI 0.95–5.09). The trend of wide variation in mor-
tality among the low-volume hospitals was also main-
tained (from as low as 0% to as high as 100%). Pearson’s 
correlation coeffi cient for the volume–outcome relation 
of the whole group was −0.01 (P = 0.882).

Open heart surgery in infants

The relation between hospital volume and 30-day mor-
tality for open heart surgery in infants is represented in 
the scattergram and its corresponding table in Fig. 8. A 
total of 8586 patients were operated on at 135 institu-
tions, with an average mortality of 5.9%. Altogether, fi ve 
hospitals dealt with an annual average of 50 cases. The 
mean mortality at these institutions was 1.3%, whereas 
those with fewer than fi ve cases (57 institutions) per year 
had a mortality rate that was nearly seven times as high 
(7.7%) (OR 3.69, 95%CI 2.02–6.73). This difference 
between the high-volume and low-volume centers proved 
statistically signifi cant. Some of the low-volume hospi-
tals achieved low mortality rates, whereas others had a 
practically 100% mortality. Pearson’s correlation coeffi -
cient for the volume–outcome relation of the whole 
group was −0.12 (P = 0.149).

Fig. 6 Scattergram for acute type A dissection surgery showing 
the 30-day mortality rate according to the number of operations. 
The associated table shows the actual number of operations and 
the mortality rates

Fig. 7 Scattergram for open heart surgery for newborns showing 
the 30-day mortality rate according to the number of operations. 
The associated table shows the actual number of operations and 
the mortality rates
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Lung cancer surgery

The scattergram and corresponding table in Fig. 9 show 
the relation between hospital volume and 30-day mortal-
ity for lung cancer surgery. A total of 94 854 patients 
were operated on at 526 institutions across the country, 
with an average mortality of 0.97%. A total of fi ve hos-
pitals dealt with 150 cases or more each year. The mean 
mortality at these institutions was only 0.26%, and those 
with fewer than 10 cases had a mean mortality rate of 
1.96% (OR 4.94, 95%CI 3.10–7.86). The differences in 
mortality at the low-volume centers (mean 10–100 cases) 
compared to the highest-volume centers (mean of 150 
cases or more) proved statistically signifi cant. A wide 
variation in mortality among the low-volume hospitals 
was noted (from as low as 0% to as high as 50%). Pear-
son’s correlation coeffi cient for the volume–outcome 
relation of the whole group was −0.10 (P < 0.010).

Esophageal cancer surgery

The relation between hospital volume and in-hospital 
mortality for esophageal cancer surgery is represented in 
the scattergram and its corresponding table in Fig. 10. 
A total of 21 020 patients were operated on at 551 insti-
tutions, with an average mortality of 5.8%. There were 

Fig. 8 Scattergram for open heart surgery for infants showing the 
30-day mortality rate according to the number of operations. 
The associated table shows the actual number of operations and 
the mortality rates Fig. 9 Scattergram for lung cancer surgery showing the 30-day 

mortality rate according to the number of operations. The associ-
ated table shows the actual number of operations and the mortal-
ity rates

14 hospitals that dealt with 40 cases or more per year. 
The mean mortality at these institutions was 2.95%; 
those with fewer than fi ve cases had a mean mortality 
rate of 6.85% (OR 2.27, 95%CI 1.54–3.33). The differ-
ences in mortality at the low-volume centers (mean of 
fewer than fi ve cases) compared to the highest-volume 
centers (mean of 40 cases or more) proved statistically 
signifi cant. A wide variation in mortality among the 
low-volume hospitals was noted. Pearson’s correlation 
coeffi cient for the volume–outcome relation of the whole 
group was −0.13 (P = 0.002).

Discussion

Since 1986, JATS has been collecting and publishing 
data regarding heart, lung, and esophageal surgery per-
formed at its board-certifi ed member institutions (n = 
408 at present) and at their affi liated hospitals (n = 335 
at present) across the country.17 Since 1996, these data 
have been published in English.18

Until 2001, operative mortality was used as the indi-
cator of clinical outcome. However, in-hospital mortal-
ity has been added to the outcome parameters since 
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2001, depending on the disease and type of surgery, 
which means that both 30-day mortality and in-hospital 
mortality are now published for all procedures. JATS 
informed the participating institutions that the data are 
published as a composite. However, at this point, the 
Committee for Scientifi c Affairs of JATS decided that it 
was time to investigate the relation between the hospital 
volume and clinical outcome to provide more informa-
tion to the health care consumers.

As part of that initiative, we have accumulated 5-year 
data (2000–2004) on cardiac (acquired and congenital), 
lung (particularly lung cancer), and esophageal (par-
ticularly esophageal cancer) surgery.19–23 First, we tried 
to evaluate the relation between hospital volume and 
operative mortality in an attempt to fi nd out whether 
higher hospital volume was associated with lower mor-
tality. The results of the present study suggest an inverse 
correlation between hospital volume and operative mor-
tality for all procedures. Moreover, procedures that had 
higher case volumes (e.g., surgery for acquired cardiac 
diseases, lung cancer) tended to have lower mortality 
compared with those having a relatively lower case 
volume (e.g., emergency CABG, acute type A dissection 
surgery, open heart surgery in newborns). The OR was 

Fig. 10 Scattergram for esophageal cancer surgery showing the 
in-hospital mortality rate according to the number of operations. 
The associated table shows the actual number of operations and 
the mortality rates

generally higher for the very low-volume institutes 
(e.g., 3.58 for single-valve surgery, 3.69 for open heart 
surgery in infants, and 4.94 for lung surgery). However, 
for elective CABG, the difference between the highest-
volume centers (≥100 cases per year) and the lowest-
volume centers (<25 cases per year) in terms of mortality 
was clinically not signifi cant (0.7% vs. 2.0%), although 
it proved statistically signifi cant (OR 2.64) compared 
with the highest-volume centers. Pearson’s correlation 
coeffi cient test revealed a weakly positive correlation 
between volume and mortality for all procedures 
except for newborn and infant open heart surgery. 
However, wide variation in terms of operative mortality 
for all procedures was noted among the low-volume 
centers.

We also tried to compare the surgical outcome of our 
cardiac, lung, and esophageal surgery with standardized 
data from abroad. The Society for Thoracic Surgery 
(STS) has published data on 503 478 elective and emer-
gency CABG procedures (1997–1999).24 The unadjusted 
30-day mortality was 3.05%. In the STS spring 2006 
report for isolated CABG (emergency and elective) per-
formed between 1996 and 2006, the unadjusted operative 
mortality was 3.2% in 1996, which came down to 2.2% 
in 2005.25 Our unadjusted average CABG mortality 
was 2.8% for cases between 2000 and 2004. Even at the 
lowest volume centers (<25 cases/year), the mortality 
was 3.4%.

Similarly, the STS spring 2006 report shows mortality 
fi gures of 3.0%–4.0% for single aortic valve surgery, 
5.2%–6.0% for mitral valve replacement, and 10.0%–
12.6% for tricuspid valve replacement; JATS data for 
single valve surgery shows an average mortality of 3.7%. 
Even at the lowest volume centers (<15 cases/year), 
the mortality was 4.6%. The International Registry for 
Acute Aortic Dissection (IRDS) collected data on acute 
type A dissection surgery from 18 specialized centers 
around the world.26 Among 526 patients operated on 
between 1996 and 2001, the average mortality was 25.1%. 
Our data shows that the average 30-day mortality for 
this procedure was 16.3% in Japan. Even at the lowest-
volume centers, the fi gure stood at 18.5%.

According to the data published by the New York 
Statewide Planning and Research Cooperative System, 
the operative mortality for lobectomy for lung cancer 
was 1.9%.8 Another report involving 4028 cases from 36 
UK hospitals puts the in-hospital mortality for the same 
procedure at 2.6%.11 The present study shows that the 
operative mortality for this procedure was 0.97% in 
Japan (1.96% at the lowest volume centers).

For esophageal surgery, a meta-analysis of 13 reports 
published between 1998 and 2003 showed operative 
mortality of 18.0% for very-low-volume centers (<5 
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cases), 13.8% for low volume centers (5–10 cases), 11.0% 
for medium-volume centers (11–20 cases), and 4.9% for 
high-volume centers (>20 cases)9. According to the JATS 
data, the in-hospital mortality for this procedure was 
5.8%; it was 6.85% for the very-low-volume centers (<5 
cases/year).

The above data suggest that the results of cardiac, 
lung, and esophageal surgery in Japan were internation-
ally comparable; and for some procedures, they were 
even superior to those coming from well-known sources 
abroad.

However, the present study has inherent limitations. 
No risk-adjustment of data was done with regard to age, 
co-morbidities, severity of disease, or other risk factors. 
Moreover, it is a retrospective study. The JATS Data 
Committee is now working on risk-adjusted data. We 
expect to publish these data in the near future.

Conclusion

We evaluated the correlation between hospital volume 
and clinical outcome, particularly operative mortality 
for 10 common cardiac, lung, and esophageal surgical 
procedures. Volume-outcome analysis suggested an 
inverse correlation, which means that the higher the 
volume the lower the mortality. However, among the 
lowest-volume hospitals, there were wide variations in 
mortality, with some achieving almost 0% mortality 
whereas others had fi gures over 10%–15% for all proce-
dures. Therefore, it is not possible to infer from this 
study that low-volume centers were always performing 
worse than their higher-volume counterparts. Although 
it is obvious that there is room for improvement at some 
of the low-volume centers, their results may still be 
acceptable when compared with data from abroad. This 
may imply that the defi nition of operative mortality 
should be different for the lowest-volume centers while 
working with non-risk-adjusted data. Despite its limita-
tions, the basic fi ndings of the study may still be mean-
ingful because of the fact that a large pool of data was 
analyzed that was able to exclude automatically some of 
the statistical biases.
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