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Background. We used 4-year nationwide population-
based data to explore the volume-outcome relationships
for lung cancer resections in Taiwan and to determine
whether there is any association between high-volume
hospitals or high-volume surgeons and lower in-hospital
mortality rates.

Methods. We use pooled data for the years 2001
through 2004 obtained from the National Health Insur-
ance Research Database in Taiwan. A total of 4,841 patients,
identified as having undergone pulmonary resections for
lung or bronchial tumors during the period of this study,
were treated by 377 surgeons in 79 hospitals. Multivariate
logistic regression analyses were then employed to assess
the crude and adjusted odds ratio of in-patient fatalities
between surgeon and hospital lung cancer resection
volume groups.

Results. Patients treated by low-volume surgeons had
significantly higher in-hospital fatality rates than those

It has been demonstrated over the past 3 decades that a
clear association exists between the number of oper-
ations for cancer performed at particular hospitals (hos-
pital volume) and the operative mortality rates for esoph-
agectomy and gastrectomy operations [1, 2], as well as
for pancreatic, breast, and colon cancer operations [3-5];
however, the evidence thus far provided on similar
associations in the case of lung cancer resections
remains both inconsistent and incomplete.

Some studies have reported no significant trend to-
ward lower operative mortality rates for hospitals with a
high volume of lung cancer resections [6-8], while others
have reported significantly lower in-hospital mortality
rates for high-volume providers undertaking similar re-
sections [9, 10]. Most of these studies were, however,
conducted on hospital-level volume alone whereas we
have examined the simultaneous contribution to patient
outcomes from both hospital and surgeon volume. Fur-
thermore, we have found no examples of similar lung
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treated by either medium-volume surgeons (2.3% versus
1.0%; p < 0.001) or high-volume surgeons (2.3% versus
0.6%; p < 0.001). However, hospital case volume alone
is not a significant predictor of hospital in-patient
fatalities for lung cancer resections. With increasing
surgeon volume, there was a decline in the adjusted
odds ratio of hospital in-patient deaths. The odds of
hospital in-patient deaths for those patients treated by
low-volume surgeons were 2.04 times those of medium-
volume surgeons, and 2.63 times those of high-volume
surgeons.

Conclusions. We conclude that after adjusting for pa-
tient, surgeon, and hospital characteristics, an inverse
volume-outcome relationship does exist for surgeons,
but not for hospitals, in Taiwan.

(Ann Thorac Surg 2007;83:1837-43)
© 2007 by The Society of Thoracic Surgeons

cancer volume-outcome studies having been conducted
in Asia.

In this study, we use 4-year population-based data on
Taiwan to examine the association between the volume
of lung cancer resections (by both surgeons and hospi-
tals) and the subsequent in-hospital mortality rates. We
hypothesize that high-volume providers will be associ-
ated with superior treatment outcomes for patients un-
dergoing lung cancer resections.

Material and Methods

Database

This study uses pooled data for the years 2001 to 2004,
obtained from the National Health Insurance Research
Database (NHIRD) published in Taiwan by the National
Health Research Institute. The NHIRD database covers
all in-patient medical benefit claims for the Taiwanese
population of more than 20 million. It also provides
principal operational procedures for each patient, along
with one principal diagnosis code and as many as four
secondary diagnosis codes obtained from the Interna-
tional Classification of Disease, Ninth Revision, Clinical Mod-
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ification (ICD-9-CM). Since these were de-identified sec-
ondary data, released for public access for research
purposes, the study was exempt from full review by the
Internal Review Board after consulting with the Director
of the Internal Review Board of our university.

Study Sample

The study sample was identified from the pooled data-
base by the diagnostic code 162.XX. We identified a total
of 157,683 hospitalizations (45,610 patients) for malignant
bronchus and lung neoplasms covering the period from
January 2001 to December 2004. Of these, a total of 4,841
patients, treated by 377 surgeons in 79 hospitals, were
identified as having undergone pulmonary resections for
lung or bronchial tumors during the period under
examination.

Surgeon and Hospital Lung Cancer Resection

Volume Groups

As unique physician and hospital identifiers are available
within the NHIRD for each medical claim submitted, that
enabled us to identify the same physician, or the same
hospital, carrying out one or more lung cancer resections
between January 2001 and December 2004.

Ann Thorac Surg
2007;83:1837-43

Surgeons and hospitals were sorted, in ascending or-
der of their total volume of lung cancer resections, with
the cutoff points (high, medium, and low) being deter-
mined by the volume that most closely sorted the sample
patients into three groups that were roughly equal in
size. This method is consistent with the methodologies
adopted in many of the prior studies.

The sample of 4,841 patients was subsequently divided
into three surgeon volume groups: 46 cases or fewer
(hereafter referred to as low volume), 47 to 131 cases
(medium volume), and 132 cases or more (high volume);
whereas the three hospital volume groups were 135 cases
or fewer (hereafter referred to as low volume), 136 to 467
cases (medium volume), and 468 cases or more (high
volume).

Key Variables of Interest

Adjustments were made for surgeon, hospital, and pa-
tient characteristics in the overall assessment of the
relationship between in-hospital deaths and volume
groups. The primary study outcome was in-hospital
mortality, with patient as the unit of analysis, and the key
independent variables were the lung cancer resection
volume groups for both surgeons and hospitals. We

Table 1. Surgeon and Patient Characteristics, by Surgeon Lung Cancer Resection Volume Groups, 2001-2004

Surgeon Lung Cancer Resection Volume Groups

Low (1-46) Medium (47-131) High (=132)
Variable No. % Mean SD No. % Mean SD No. % Mean SD
Surgeon characteristics (n = 377)
Total number of surgeons 347 920 22 5.8 8 2.2
Lung cancer resection volume — — 4.7 8.5 — — 73.3 27.3 — — 2084  73.7
Surgeon age (years) — — 41.4 7.3 — — 41.4 6.6 — — 48.0 9.2
Surgeon sex
Male 335 96.5 — — 22 100 8 100
Female 12 35 — — — —
Patient characteristics (n = 4,841)
Total number of patients 1,605 33.1 1,597 33.0 1,639 33.9
Patient age (years) 64.8 122 641 115 63.8 11.6
<65 666 415 704 441 773 47.2
65-74 571 35.6 586  36.7 563 34.4
>74 368 229 307 192 303 185
Patient sex
Male 1,104 68.8 1,052  65.9 1,036  63.2
Female 501 31.2 545  34.1 603  36.8
Type of operation
Segmental resection 182 113 190 11.9 99 6.0
Wedge resection 595 37.1 484 303 397 242
Lobectomy 745 464 846  53.0 1,051 64.1
Pneumonectomy 83 5.2 77 4.8 92 5.6
Charlson Comorbidity Index score 13
3 689 429 786  49.2 809 494
4 223 139 200 125 189 115
5 4 27 40 25 25 15
6 or more 649 404 571 35.8 616  37.6

SD = standard deviation.

Downloaded from ats.ctsnetjournals.org by on May 9, 2011


http://ats.ctsnetjournals.org

Ann Thorac Surg
2007;83:1837-43

define in-hospital mortality as the death of a patient at
any time after operation either at the operating hospital
or upon transfer to another hospital.

Surgeon characteristics included the surgeon’s age (as
a surrogate for practice experience) and sex; hospital
characteristics included hospital ownership, hospital
level, and geographical location, with the hospital own-
ership variable being recorded as one of three types:
public, private not-for-profit, and private for-profit hos-
pitals. Within the hospital level variable, each hospital
was classified as a medical center (with a minimum of 500
beds), a regional hospital (minimum 250 beds), or a
district hospital (minimum 20 beds); hospital level can
therefore be used as a proxy for both hospital size and
clinical service capabilities. Hospital teaching status was
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not included in this study since all medical centers and
regional hospitals in Taiwan are teaching hospitals.

Patient characteristics consisted of age, sex, severity of
illness, and type of operation. Because no illness severity
index is available in Taiwan, we used the Charlson
Comorbidity Index (CCI) to quantify preexisting comor-
bidities as a means of adjusting for the higher mortality
risks associated with comorbidities (the higher the score,
the greater the comorbidity). The type of operation con-
sisted of wedge resection, segmental resection, lobec-
tomy, and pneumonectomy.

Statistical Analysis

The SAS statistical package (SAS System for Windows,
version 8.2; SAS Institute, Cary, North Carolina) was

Table 2. Hospital and Patient Characteristics in Taiwan, by Hospital Lung Cancer Operation Volume Groups, 2001-2004

Hospital Lung Cancer Operation Volume Groups

Low (1-135) Medium (136-467) High (=468)
Variable No. %  Mean No. % Mean  SD No. % Mean  SD
Hospital characteristics (n = 79)
Total number of hospitals 70 6 3
Lung cancer operation volume — 23.0 321 — 273.5  105.2 — 551.3  102.8
Hospital level
Medical center 8 114 6 100.0 3 100.0
Regional hospital 50 714 — — — —
District hospital 12 171 — — — —
Hospital ownership
Public 20 28.6 3 50.0 2 66.7
Private (not-for-profit) 32 45.7 3 50.0 1 33.3
Private (for-profit) 18 25.7 — — — —
Hospital location
Northern 27 38.6 — — 3 100.0
Central 18 257 2 333 — —
Southern 22 314 4 667 — —
Eastern 3 43 — — — —
Patient characteristics (n = 4,841)
Total no. of patients 1,601 33.1 1,623 33.5 1,617 33.4
Patient age (years) — 632 117 — 63.7 121 — 64.9 115
<65 713 445 743 45.8 687 425
65-74 565 35.3 570 35.1 585 36.2
>74 323 202 310 19.1 345 21.3
Patient sex
Male 1,057 66.0 1,062 65.4 1,073 66.4
Female 544  34.0 561 34.6 544 33.6
Type of operation
Segmental resection 174  10.9 183 11.3 114 7.1
Wedge resection 484 30.2 513  31.6 479  29.6
Lobectomy 857 53.5 831 512 954  59.0
Pneumonectomy 86 5.4 96 5.9 70 4.3
Charlson Comorbidity Index score
3 720 45.0 834 51.4 730 45.2
4 213  13.2 171 10.5 228 14.1
5 44 2.8 27 1.7 38 2.4
6 or more 624  39.0 591 36.4 621 38.4

SD = standard deviation.
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Table 3. Crude Odds Ratios of Hospital In-Patient Deaths in Taiwan, by Surgeon and Hospital Lung Cancer Resection

Volume Groups, 2001-2004 (n = 4,841)

Discharge Status

Live Deceased
Crude

Variables No. % No. % Odds Ratio 95% CI p Value
Surgeon lung cancer operation volume

=46 1,568 97.7 37 23 1.00 — —

47-131 1,581 99.0 16 1.0 0.43 0.24-0.77 0.005

=132 1,629 99.4 10 0.6 0.26 0.13-0.53 <0.001
Hospital lung cancer operation volume

=135 1,575 98.4 26 1.6 1.00 — —

136-467 1,604 98.8 19 1.2 0.72 0.40-1.30 0.274

=468 1,599 98.9 18 11 0.68 0.37-1.25 0.215

CI = confidence interval.

used to perform the statistical analysis of the data in this
study. Global x* analyses were conducted to examine the
relationship between surgeon and hospital volume lung
cancer resection groups and the unadjusted hospital
in-patient fatality rates. Multivariate logistic regression
analyses were also employed to assess the crude and
adjusted odds ratio of hospital in-patient fatalities be-
tween surgeon and hospital lung cancer resection vol-
ume groups.

Finally, the generalized estimated equation method
was also adopted as a means of accounting for any
clustering of the sampled patients among particular
surgeons or hospitals. Clustering would indicate the
greater likelihood for a given provider’s patient outcomes
to be similar to each other, as opposed to being similar to
the patient outcomes of a different provider. A two-sided
p value of 0.05 or less was considered to be statistically
significant.

Results

Of the 4,841 patients in Taiwan on whom pulmonary
resections had been performed for lung or bronchial
tumors between January 2001 and December 2004, 471
(9.7%) had undergone segmental resections, 1,476 (30.5%)
had wedge resections, 2,642 (54.6%) had undergone lo-
bectomies, and 252 (5.2%) had pneumonectomies. The
mean age of the patients was 64.2 years, and the mean
age of the attending surgeons was 45.4 years.

Details of the distribution of surgeons and patients for
lung cancer resections, by surgeon volume, are provided
in Table 1, which reveals that lung cancer resections were
performed by 377 surgeons between 2001 and 2004, at a
mean volume per surgeon of 13 operations. The surgeons
in the high-volume group were more likely to be older
(p < 0.001) and performed more lobectomies and pneu-
monectomies (p < 0.001). The x* analyses also indicate
that significant relationships exist between surgeon vol-
ume groups and patient sex (p = 0.004), age (p = 0.003),
and CCI scores (p < 0.001).

The hospital and patient characteristics, by hospital
lung cancer resection volume groups, are summarized in

Table 2, which reveals that lung cancer resections were
carried out by 79 hospitals between 2001 and 2004, at a
mean volume of 62 resections per hospital. The vast

Table 4. Adjusted Odds Ratio of Hospital In-Patient Deaths
in Taiwan by Surgeon Lung Cancer Resection Volume
Groups, 2001 to 2004 (n = 4,841)

Adjusted 4
Odds Ratio 95% CI  Value

Variable
Surgeon lung cancer resection
volume
=46 (reference group) 1.00
47-131 0.49 0.27-0.89  0.018
=132 0.38 0.17-0.86  0.020

Surgeon characteristics
Physician age (years)

<41 0.65 0.36-1.16 0.143
41-50 (reference group) 1.00
>50 0.62 0.30-1.30 0.206

Patient characteristics
Patient age (years)

<65 0.56 0.29-1.11 0.096

65-74 (reference group) 1.00

>74 1.83 1.02-3.25  0.041
Patient sex

Male 1.47 0.78-2.77 0.231

Female (reference group) 1.00

Type of operation
0.85-5.30 0.105
1.86-6.43 <0.001

Segmental resection 213
Wedge resection 3.45
Lobectomy (reference group) 1.00

Pneumonectomy 5.41 2.24-13.08 <0.001
Charlson Comorbidity Index
score
3 (reference group) 1.00
4 113 0.55-2.31 0.735
5 1.54 0.45-5.26  0.487
6 or more 0.81 0.45-1.45 0.470

CI = confidence interval.
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majority of the hospitals (89%) fell into the low-volume
group; these hospitals were also more likely to be re-
gional hospitals. Conversely, those hospitals in the high-
volume group were all medical centers and were also
generally located in the northern part of Taiwan. No
significant relationships were observed between hospital
volume groups and patient age and sex.

Table 3 provides the crude odds ratio estimates of the
likelihood of hospital in-patient deaths, by surgeon and
hospital lung cancer resection volume. Patients treated
by low-volume surgeons had significantly higher in-
hospital mortality rates than those treated by either
medium-volume surgeons (2.3% versus 1.0%; p = 0.005)
or high-volume surgeons (2.3% versus 0.6%, p < 0.001).
However, hospital case volume alone is not a significant
predictor of hospital in-patient deaths for lung cancer
resections.

As Table 4 shows, with an increase in surgeon volume,
there was a corresponding decline in the adjusted odds
ratio of hospital in-patient deaths, with the odds for those
patients treated by low-volume surgeons being 2.04 (re-
ciprocal of 0.49) times those of medium-volume sur-
geons, and 2.63 (reciprocal of 0.38) times those of high-
volume surgeons.

Given the relatively small number of hospitals in the
medium- and high-volume groups, no adjustments were
made for hospital characteristics (including hospital
level, ownership, and geographical location) within the
regression model. With the exception of the widening of
the confidence intervals, when these results are adjusted
for clustering effects by the generalized estimated equa-
tion method, all of the significant relationships remain.

Comment

This paper represents quite an uncommon example of an
investigation into the volume-outcome relationship in
lung cancer resections outside of the United States, with
the opportunity to undertake this study having arisen
from the availability of a comprehensive nationwide
population-based dataset. Our results demonstrate that
after adjusting for surgeon, hospital, and patient charac-
teristics, a significant inverse relationship exists between
surgeon volume and the odds of in-hospital deaths;
however, we also find that hospital volume, by itself, is
not a significant predictor of in-hospital mortality rates
after lung cancer resections. This is a finding that does
not concur with the conclusions drawn in an earlier study
by Hannan and associates [10]. Their study, which took
place in New York State between 1994 and 1997, found no
significant differences between high- and low-volume
surgeons with regard to in-hospital mortality rates in
general, although, in high-volume hospitals, they did
find better outcomes for both high- and low-volume
surgeons.

One likely reason for our departure from the US
findings on pulmonary resections is the potential con-
founding effect of the health insurance system in Taiwan.
About 97% of all Taiwanese citizens have been covered
under the NHI system since its inception in March 1995,
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with all patients having free access to any health care
provider of their choice in Taiwan. This contrasts sharply
with many other health care delivery systems around the
world, where there may often be a tendency to limit a
patient’s choice to certain providers. Such limitations on
patient choice may well result in confounding the rela-
tionship between provider volumes and patient out-
comes. Furthermore, the study sample in the study by
Hannan and associates [10] paper was limited to those
patients who had undergone lobectomies, as compared
with the four types of resections examined in this study.

The literature suggests two possible explanatory hy-
potheses for the inverse volume-outcome relationship
[11, 12]. The first of these is “selective referral,” which
suggests that selective referral either by physicians or by
the patients themselves will ultimately lead to the refer-
ral of more patients to providers renowned for superior
treatment outcomes; thus, these providers would inevi-
tably find themselves performing higher volumes of lung
cancer resections.

As noted earlier, under the health insurance system in
Taiwan, patients have the freedom to choose their pre-
ferred provider; thus, based upon word-of-mouth recom-
mendations from relatives or friends, physicians with
good reputations for superior outcomes, even those
within the departments of the same hospital, will tend to
attract greater numbers of patients [13]. Therefore, leav-
ing aside physician referrals, self-referrals by patients
may be a major contributor to the inverse relationship
between patient outcomes and surgeon volumes, partic-
ularly in Taiwan.

The second hypothesis, “practice makes perfect,” is
based upon the rationale that a larger volume of patients
allows providers to develop better levels of skill and
expertise in the management of their operations or treat-
ment procedures. Therefore, high-volume providers are
more likely to achieve better clinical performance owing
to their greater skills and experience.

In our study, the physician-specific volume is a stron-
ger predictor of outcomes than hospital volume. Further-
more, such highly skilled, high-volume surgeons are
more likely to be older and to perform more complex
procedures, such as lobectomies and pneumonecoto-
mies. Such results add support to the practice makes
perfect hypothesis.

Of the total of 45,610 patients in Taiwan diagnosed with
lung cancer between 2001 and 2004, only 4,841 patients
(10.6%) received surgical lung or bronchial neoplasm
resections. Although, all pathologic subtypes of lung
cancer was included in our series, the resection rate of
lung cancer was far lower than the 16.5% resection rate
recently reported in Norway based upon population-
based data [14]. While it is difficult to substantiate the
reasons for this low resection rate in our study design, the
prevalence of pulmonary tuberculosis in Taiwan may be
one of the main reasons for the low lung cancer resection
rate.

Surgical resection for lung cancer is still regarded as
the most effective method for early-stage nonsmall-cell
lung cancers, and is generally offered to all patients at
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stage I and I, and specific groups of patients at stage Illa
(N2) of the disease, but is not usually introduced to those
at stage IIIb (N3). Ipsilateral (N2) or contralateral (N3)
mediastinal lymphadenopathy is therefore a critical point
with regard to the decision on whether the lung cancer
can be resected.

According to the literature, patients with pulmonary
tuberculosis had about 90% mediastinal lymphadenopa-
thy [15], and even at that stage, it was difficult to differ-
entiate between benign and malignant abnormalities by
positron emission tomography [16]. In an area with a
high prevalence of pulmonary tuberculosis, such as that
which exists in Taiwan, the rationale for tuberculosis-
related mediastinal lymphadenopathy complicates the
evaluation of the preoperative clinical stage of lung
cancer. As we can expect to see more patients being
initially diagnosed with clinical N2/N3 lung cancer dis-
eases than the actual numbers, that may explain why the
lung cancer resection rate in Taiwan is so low.

There have been a number of recent reports docu-
menting low postoperative mortality after lung cancer
surgery [9, 10, 14, 17]. Of these, a Japanese survey showed
much improved 30-day mortality rates (at 3.2% for pneu-
monectomies, 1.2% for lobecotmies, and only 0.8% for
lesser resections) [17]. In this study, we also find im-
proved in-hospital mortality rates, at 3.17% for pneumo-
nectomies and just 0.57% for lobectomies (not shown in
the Tables), with these figures being much lower than
those contained in many of the prior reports.

This study has also examined all of the different oper-
ative types of lung cancer resections that resulted in
significant hospital in-patient deaths. As compared with
lobectomies, wedge resections demonstrated poor short-
term outcomes; however, this finding does not gain
support from the results reported by any single institute
[14]. One reason for this major difference may be that
more sublobar resections were performed by low-
volume surgeons with high in-hospital mortality rates;
that could potentially lead to wedge resections resulting
in higher in-hospital mortality rates than those reported
for lobectomies.

Another likely explanation for such disparity may be
the differences in characteristics between lung cancer
lobecotomy and wedge resection patients. In general, a
wedge resection is carried out on lung cancer patients
who have poor cardiopulmonary function, which would
make such patients intolerant to a lobectomy of the lung.
Actually, about 39% of the sample patients were in the
CCI score category of “6 or more”; 44% of them received
sublobar resection, a percentage that is consistent with
the documented literature (not shown on Table). Al-
though we have controlled for patient comorbidities, the
administrative database adopted for this study was ex-
tremely limited in its ability to account for differences in
such severity of illness.

This study suffers from two limitations that should be
addressed. First of all, although the outcome measure in
this study was in-hospital mortality, that did not include
postdischarge deaths occurring as a direct result of the
surgical procedure. The differences in mortality rates
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could be partly attributable to this factor. Secondly, the
information on the stage of the disease, tumor size,
grade, and differentiation are not available in the NHIRD.
The stage of the cancer could play a crucial role in lung
cancer resection outcomes.

Despite these limitations, we have provided evidence
to show that after adjusting for patient, surgeon, and
hospital characteristics, an inverse volume-outcome re-
lationship does exist for surgeons, but not for hospitals,
in Taiwan. However, we suggest that low volume, as an
overall indicator of poor quality, must be used with
considerable caution, particularly with regard to policy
decision making. We should acknowledge that there are
likely to be low-volume surgeons providing excellent
pulmonary resection outcomes, who, according to the
practice makes perfect and selective referral hypotheses,
with advancing age, may ultimately become high-volume
surgeons.

Because the causal mechanisms linking volume and
outcomes remain unclear, we suggest that further studies
should be carried out to identify the differences in the
learning processes, perioperative care structures, and
surgical techniques between high-volume surgeons with
excellent outcomes and low-volume surgeons with poor
outcomes. That may well help to reduce the differences
between surgeon outcomes and improve the overall
quality of care provided to their patients.

This study was supported by a grant from the National Science
Council (NSC 95-2416-H-038-001) in Taiwan. This study is based
in part on data from the National Health Insurance Research
Database provided by the Bureau of National Health Insurance,
Department of Health, Taiwan and managed by the National
Health Research Institutes. The interpretations and conclusions
contained herein do not represent those of the Bureau of
National Health Insurance, Department of Health, or the Na-
tional Health Research Institutes.

References

1. Gordon TA, Bowman HM, Bass EB, et al. Complex gastro-
intestinal surgery: impact of provider experience on clinical
and economic outcomes. ] Am Coll Surg 1999;189:46-56.

2. Patti MG, Corvera CU, Glasgow RE, et al. A hospital’s
annual rate of esophagectomy influences the operative mor-
tality rate. ] Gastrointest Surg 1998;2:186-92.

3. Roohan PJ, Bickell NA, Baptiste MS, et al. Hospital volume
differences and five-year survival from breast cancer. Am J
Public Health 1998;88:454-7.

4. Simons A]J, Ker R, Groshen S, et al. Variations in treatment
of rectal cancer: the influence of hospital type and caseload.
Dis Colon Rectum 1997;40:641-6.

5. Birkmeyer JD, Warshaw AL, Finlayson SR, et al. Relation-
ship between hospital volume and late survival after pan-
creaticoduodenectomy. Surgery 1999;126:178-83.

6. Shukri FK, Jennifer D, William H, et al. Relation of surgical
volume to outcome in eight common operations: result from
the VA National Surgical Quality Improvement Program.
Ann Surg 1999;230:414-32.

7. Freixinet JL, Julia-Serda G, Rodriquez PM, et al. Hospital
volume: operative morbidity, mortality and survival in tho-
racotomy for lung cancer. A Spanish multicenter study of
2994 cases. Eur J Cardiothorac Surg 2006;29:20-5.

Downloaded from ats.ctsnetjournals.org by on May 9, 2011


http://ats.ctsnetjournals.org

Ann Thorac Surg
2007;83:1837-43

8. Urschel JD, Urschel DM. The hospital volume-outcome
relationship in general thoracic surgery. Is the surgeon the
critical determinant? J Cardiovasc Surg 2000;41:153-5.

9. Romano PS, Mark DH. Patient and hospital characteristics
related to in-hospital mortality after lung cancer resection.
Chest 1992;101:1332-7.

10. Hannan EL, Radzyner M, Rubin D, et al. The influence of
hospital and surgeon volume on in-hospital mortality for
colectomy, gastrectomy, and lung lobectomy in patients with
cancer. Surgery 2002;131:6-15.

11. Luft HS, Hunt SS, Maerki SC. The volume-outcome relation-
ship: practice-makes-perfect or selective-referral patterns?
Health Serv Res 1987;22:157-82.

12. Luft HS, Bunker JP, Enthoven AC. Should operations be
regionalized? The empirical relation between surgical vol-
ume and mortality. N Engl ] Med 1979;301:1364-9.

LIEN ET AL 1843

SURGEON VOLUME AND DEATHS AFTER LUNG RESECTION

13. Cheng SH, Song HY. Surgeon performance information
and consumer choice: a survey of subjects with the free-
dom to choose between doctors. Qual Saf Health Care
2004;13:98-101.

14. Rostad H, Strand TE, Naaslsund A, et al. Lung cancer
surgery: the first 60 days—a population-based study. Eur
J Cardiothorac Sur 2006;29:824-8.

15. Savvas A, Elaine J, Susan L, et al. CT scanning for the
detection of tuberculous mediastinal and hilar lymphade-
nopathy in children. Pediatr Radiol 2004;34:232-6.

16. Goo JM, Im JG, Do KH, et al. Pulmonary tuberculoma
evaluated by means of FDG PET: findings in 10 cases.
Radiology 2000;216:117-21.

17. Wada H, Nakamura T, Nakamoto K, et al. Thirty-day oper-
ative mortality for thoracotomy in lung cancer. ] Thorac
Cardiovasc Surg 1998;115:70-3.

The Thoracic Surgery Foundation

for Research and Education

2007 TSFRE Research Award Recipients

The Thoracic Surgery Foundation for Research and Ed-
ucation (TSFRE) is proud to support the following new
research scholars for 2007:

TSFRE Research Fellowships provide support of up to
$35,000 a year for up to 2 years for surgical residents who
have not yet completed cardiothoracic surgical training.

Denise M. Torres, MD
Temple University

TSFRE Career Development Awards provide salary sup-
port of up to $50,000 a year for up to 2 years for applicants
who have completed their residency training and who
wish to pursue investigative careers in cardiothoracic
surgery.
Mark S. Bleiweis, MD
University of Florida

Michael Argenziano, MD
Columbia-Presbyterian

© 2007 by The Society of Thoracic Surgeons
Published by Elsevier Inc

TSFRE Research Grants provide operational support of
original research efforts by cardiothoracic surgeons who
have completed their formal training, and who are seeking
initial support and recognition for their research program.
Awards of up to $30,000 a year for up to 2 years are made
each year to support the work of an early-career cardiotho-
racic surgeon (within 5 years of first faculty appointment).

Lorenzo E. Ferri, MD
McGill University

Nina Starr Braunwald Award provides a biennial award
of $100,000 for 2 years to support the research career
development of a woman cardiac surgeon who holds a
full-time faculty appointment and who is within 10 years
of completion of thoracic surgery residency.

Jennifer S. Lawton, MD
Washington University

Rosemary F. Kelly, MD
University of Minnesota

Ann Thorac Surg 2007;83:1843 ¢ 0003-4975/07/$32.00

Downloaded from ats.ctsnetjournals.org by on May 9, 2011

9
9}
<
=
©]
m
=
z
=
Z
75
O



http://ats.ctsnetjournals.org

Association Between Surgeon and Hospital Volume and In-Hospital Fatalities
After Lung Cancer Resections. The Experience of an Asian Country

Y ung-Chang Lien, Ming-Te Huang and Herng-Ching Lin
Ann Thorac Surg 2007;83:1837-1843
DOI: 10.1016/j.athoracsur.2006.12.008

Updated Information
& Services

References

Citations

Subspecialty Collections

Permissions & Licensing

Reprints

including high-resolution figures, can be found at:
http://ats.ctsnetjournal s.org/cgi/content/full/83/5/1837

This article cites 17 articles, 6 of which you can access for free at:
http://ats.ctsnetjournal s.org/cgi/content/full/83/5/1837#BIBL

This article has been cited by 2 HighWire-hosted articles:
http://ats.ctsnetjournal s.org/cgi/content/full/83/5/1837#otherarticle
S

This article, along with others on similar topics, appearsin the
following collection(s):

Lung - cancer

http://ats.ctsnetjournal s.org/cgi/collection/lung_cancer

Requests about reproducing this article in parts (figures, tables) or
inits entirety should be submitted to:

http://www.us.el sevierheal th.com/Licensing/permissions.jsp or
email: healthpermissions@elsevier.com.

For information about ordering reprints, please email:
reprints@el sevier.com

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

5 THORACIC SURCERY *

THE ANNALS OF

Downloaded from ats.ctsnetjournals.org by on May 9, 2011



http://ats.ctsnetjournals.org/cgi/content/full/83/5/1837
http://ats.ctsnetjournals.org/cgi/content/full/83/5/1837#BIBL
http://ats.ctsnetjournals.org/cgi/content/full/83/5/1837#otherarticles
http://ats.ctsnetjournals.org/cgi/collection/lung_cancer
http://www.us.elsevierhealth.com/Licensing/permissions.jsp
http://ats.ctsnetjournals.org

	Association Between Surgeon and Hospital Volume and In-Hospital Fatalities After Lung Cancer Resections: The Experience of an Asian Country
	Material and Methods
	Database
	Study Sample
	Surgeon and Hospital Lung Cancer Resection Volume Groups
	Key Variables of Interest
	Statistical Analysis

	Results
	Comment
	References


