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Background. We used 4-year nationwide population-
ased data to explore the volume-outcome relationships
or lung cancer resections in Taiwan and to determine
hether there is any association between high-volume
ospitals or high-volume surgeons and lower in-hospital
ortality rates.
Methods. We use pooled data for the years 2001

hrough 2004 obtained from the National Health Insur-
nce Research Database in Taiwan. A total of 4,841 patients,
dentified as having undergone pulmonary resections for
ung or bronchial tumors during the period of this study,
ere treated by 377 surgeons in 79 hospitals. Multivariate

ogistic regression analyses were then employed to assess
he crude and adjusted odds ratio of in-patient fatalities
etween surgeon and hospital lung cancer resection
olume groups.
Results. Patients treated by low-volume surgeons had
ignificantly higher in-hospital fatality rates than those
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reated by either medium-volume surgeons (2.3% versus
.0%; p < 0.001) or high-volume surgeons (2.3% versus
.6%; p < 0.001). However, hospital case volume alone
s not a significant predictor of hospital in-patient
atalities for lung cancer resections. With increasing
urgeon volume, there was a decline in the adjusted
dds ratio of hospital in-patient deaths. The odds of
ospital in-patient deaths for those patients treated by

ow-volume surgeons were 2.04 times those of medium-
olume surgeons, and 2.63 times those of high-volume
urgeons.

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

(Ann Thorac Surg 2007;83:1837–43)

© 2007 by The Society of Thoracic Surgeons
t has been demonstrated over the past 3 decades that a
clear association exists between the number of oper-

tions for cancer performed at particular hospitals (hos-
ital volume) and the operative mortality rates for esoph-
gectomy and gastrectomy operations [1, 2], as well as
or pancreatic, breast, and colon cancer operations [3–5];
owever, the evidence thus far provided on similar
ssociations in the case of lung cancer resections
emains both inconsistent and incomplete.

Some studies have reported no significant trend to-
ard lower operative mortality rates for hospitals with a
igh volume of lung cancer resections [6–8], while others
ave reported significantly lower in-hospital mortality
ates for high-volume providers undertaking similar re-
ections [9, 10]. Most of these studies were, however,
onducted on hospital-level volume alone whereas we
ave examined the simultaneous contribution to patient
utcomes from both hospital and surgeon volume. Fur-
hermore, we have found no examples of similar lung

ccepted for publication Dec 6, 2006.

ddress correspondence to Dr Lin, School of Health Care Administration,
ancer volume-outcome studies having been conducted
n Asia.

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

aterial and Methods

atabase
his study uses pooled data for the years 2001 to 2004,
btained from the National Health Insurance Research
atabase (NHIRD) published in Taiwan by the National
ealth Research Institute. The NHIRD database covers

ll in-patient medical benefit claims for the Taiwanese
opulation of more than 20 million. It also provides
rincipal operational procedures for each patient, along
ith one principal diagnosis code and as many as four

econdary diagnosis codes obtained from the Interna-

ional Classification of Disease, Ninth Revision, Clinical Mod-

0003-4975/07/$32.00
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fication (ICD-9-CM). Since these were de-identified sec-
ndary data, released for public access for research
urposes, the study was exempt from full review by the

nternal Review Board after consulting with the Director
f the Internal Review Board of our university.

tudy Sample
he study sample was identified from the pooled data-
ase by the diagnostic code 162.XX. We identified a total
f 157,683 hospitalizations (45,610 patients) for malignant
ronchus and lung neoplasms covering the period from
anuary 2001 to December 2004. Of these, a total of 4,841
atients, treated by 377 surgeons in 79 hospitals, were

dentified as having undergone pulmonary resections for
ung or bronchial tumors during the period under
xamination.

urgeon and Hospital Lung Cancer Resection
olume Groups
s unique physician and hospital identifiers are available
ithin the NHIRD for each medical claim submitted, that

nabled us to identify the same physician, or the same
ospital, carrying out one or more lung cancer resections
etween January 2001 and December 2004.

able 1. Surgeon and Patient Characteristics, by Surgeon Lun

ariable

Su

Low (1–46)

No. % Mean

urgeon characteristics (n � 377)
Total number of surgeons 347 92.0
Lung cancer resection volume — — 4.7
Surgeon age (years) — — 41.4
Surgeon sex

Male 335 96.5 —
Female 12 3.5

atient characteristics (n � 4,841)
Total number of patients 1,605 33.1
Patient age (years) 64.8

�65 666 41.5
65–74 571 35.6
�74 368 22.9

Patient sex
Male 1,104 68.8
Female 501 31.2

Type of operation
Segmental resection 182 11.3
Wedge resection 595 37.1
Lobectomy 745 46.4
Pneumonectomy 83 5.2

Charlson Comorbidity Index score 13
3 689 42.9
4 223 13.9
5 44 2.7
D � standard deviation.

ats.ctsnetjournDownloaded from 
Surgeons and hospitals were sorted, in ascending or-
er of their total volume of lung cancer resections, with

he cutoff points (high, medium, and low) being deter-
ined by the volume that most closely sorted the sample

atients into three groups that were roughly equal in
ize. This method is consistent with the methodologies
dopted in many of the prior studies.
The sample of 4,841 patients was subsequently divided

nto 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);
hereas the three hospital volume groups were 135 cases
r fewer (hereafter referred to as low volume), 136 to 467
ases (medium volume), and 468 cases or more (high
olume).

ey Variables of Interest
djustments were made for surgeon, hospital, and pa-

ient characteristics in the overall assessment of the
elationship between in-hospital deaths and volume
roups. The primary study outcome was in-hospital
ortality, with patient as the unit of analysis, and the key

ndependent variables were the lung cancer resection
olume groups for both surgeons and hospitals. We

ncer Resection Volume Groups, 2001–2004

Lung Cancer Resection Volume Groups

Medium (47–131) High (�132)

No. % Mean SD No. % Mean SD

22 5.8 8 2.2
— — 73.3 27.3 — — 208.4 73.7
— — 41.4 6.6 — — 48.0 9.2

22 100 8 100
— — — —

1,597 33.0 1,639 33.9
64.1 11.5 63.8 11.6

704 44.1 773 47.2
586 36.7 563 34.4
307 19.2 303 18.5

1,052 65.9 1,036 63.2
545 34.1 603 36.8

190 11.9 99 6.0
484 30.3 397 24.2
846 53.0 1,051 64.1
77 4.8 92 5.6

786 49.2 809 49.4
200 12.5 189 11.5
40 2.5 25 1.5
g Ca

rgeon

SD

8.5
7.3

—

12.2

6 or more 649 40.4 571 35.8 616 37.6
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efine in-hospital mortality as the death of a patient at
ny time after operation either at the operating hospital
r upon transfer to another hospital.
Surgeon characteristics included the surgeon’s age (as
surrogate for practice experience) and sex; hospital

haracteristics included hospital ownership, hospital
evel, and geographical location, with the hospital own-
rship variable being recorded as one of three types:
ublic, private not-for-profit, and private for-profit hos-
itals. Within the hospital level variable, each hospital
as classified as a medical center (with a minimum of 500
eds), a regional hospital (minimum 250 beds), or a
istrict hospital (minimum 20 beds); hospital level can

herefore be used as a proxy for both hospital size and
linical service capabilities. Hospital teaching status was

able 2. Hospital and Patient Characteristics in Taiwan, by H

ariable

Ho

Low (1–135)

No. % Mean

ospital characteristics (n � 79)
Total number of hospitals 70
Lung cancer operation volume — 23.0 3
Hospital level

Medical center 8 11.4
Regional hospital 50 71.4
District hospital 12 17.1

Hospital ownership
Public 20 28.6
Private (not-for-profit) 32 45.7
Private (for-profit) 18 25.7

Hospital location
Northern 27 38.6
Central 18 25.7
Southern 22 31.4
Eastern 3 4.3

atient characteristics (n � 4,841)
Total no. of patients 1,601 33.1
Patient age (years) — 63.2 1

�65 713 44.5
65–74 565 35.3
�74 323 20.2

Patient sex
Male 1,057 66.0
Female 544 34.0

Type of operation
Segmental resection 174 10.9
Wedge resection 484 30.2
Lobectomy 857 53.5
Pneumonectomy 86 5.4

Charlson Comorbidity Index score
3 720 45.0
4 213 13.2
5 44 2.8
D � standard deviation.

ats.ctsnetjournDownloaded from 
ot included in this study since all medical centers and
egional hospitals in Taiwan are teaching hospitals.

Patient characteristics consisted of age, sex, severity of
llness, and type of operation. Because no illness severity
ndex is available in Taiwan, we used the Charlson
omorbidity Index (CCI) to quantify preexisting comor-
idities as a means of adjusting for the higher mortality
isks associated with comorbidities (the higher the score,
he greater the comorbidity). The type of operation con-
isted of wedge resection, segmental resection, lobec-
omy, and pneumonectomy.

tatistical Analysis
he SAS statistical package (SAS System for Windows,
ersion 8.2; SAS Institute, Cary, North Carolina) was

tal Lung Cancer Operation Volume Groups, 2001–2004

l Lung Cancer Operation Volume Groups

Medium (136–467) High (�468)

No. % Mean SD No. % Mean SD

6 3
— 273.5 105.2 — 551.3 102.8

6 100.0 3 100.0
— — — —
— — — —

3 50.0 2 66.7
3 50.0 1 33.3

— — — —

— — 3 100.0
2 33.3 — —
4 66.7 — —

— — — —

1,623 33.5 1,617 33.4
— 63.7 12.1 — 64.9 11.5
743 45.8 687 42.5
570 35.1 585 36.2
310 19.1 345 21.3

1,062 65.4 1,073 66.4
561 34.6 544 33.6

183 11.3 114 7.1
513 31.6 479 29.6
831 51.2 954 59.0

96 5.9 70 4.3

834 51.4 730 45.2
171 10.5 228 14.1
27 1.7 38 2.4
ospi

spita

SD

2.1

1.7

6 or more 624 39.0 591 36.4 621 38.4
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sed to perform the statistical analysis of the data in this
tudy. Global �2 analyses were conducted to examine the
elationship between surgeon and hospital volume lung
ancer resection groups and the unadjusted hospital
n-patient fatality rates. Multivariate logistic regression
nalyses were also employed to assess the crude and
djusted odds ratio of hospital in-patient fatalities be-
ween surgeon and hospital lung cancer resection vol-
me groups.
Finally, the generalized estimated equation method
as also adopted as a means of accounting for any

lustering of the sampled patients among particular
urgeons or hospitals. Clustering would indicate the
reater likelihood for a given provider’s patient outcomes
o be similar to each other, as opposed to being similar to
he patient outcomes of a different provider. A two-sided

value of 0.05 or less was considered to be statistically
ignificant.

esults

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

ge of the attending surgeons was 45.4 years.
Details of the distribution of surgeons and patients for

ung cancer resections, by surgeon volume, are provided
n Table 1, which reveals that lung cancer resections were
erformed by 377 surgeons between 2001 and 2004, at a
ean volume per surgeon of 13 operations. The surgeons

n the high-volume group were more likely to be older
p � 0.001) and performed more lobectomies and pneu-

onectomies (p � 0.001). The �2 analyses also indicate
hat significant relationships exist between surgeon vol-
me groups and patient sex (p � 0.004), age (p � 0.003),
nd CCI scores (p � 0.001).
The hospital and patient characteristics, by hospital

able 3. Crude Odds Ratios of Hospital In-Patient Deaths in
olume Groups, 2001–2004 (n � 4,841)

ariables

Dischar

Live

No. %

urgeon lung cancer operation volume
�46 1,568 97.7
47–131 1,581 99.0
�132 1,629 99.4
ospital lung cancer operation volume
�135 1,575 98.4
136–467 1,604 98.8
�468 1,599 98.9

I � confidence interval.
ung cancer resection volume groups, are summarized in C

ats.ctsnetjournDownloaded from 
able 2, which reveals that lung cancer resections were
arried out by 79 hospitals between 2001 and 2004, at a
ean volume of 62 resections per hospital. The vast

an, by Surgeon and Hospital Lung Cancer Resection

atus

Crude
Odds Ratio 95% CI p Value

Deceased

No. %

37 2.3 1.00 — —
16 1.0 0.43 0.24–0.77 0.005
10 0.6 0.26 0.13–0.53 �0.001

26 1.6 1.00 — —
19 1.2 0.72 0.40–1.30 0.274
18 1.1 0.68 0.37–1.25 0.215

able 4. Adjusted Odds Ratio of Hospital In-Patient Deaths
n Taiwan by Surgeon Lung Cancer Resection Volume
roups, 2001 to 2004 (n � 4,841)

ariable
Adjusted

Odds Ratio 95% CI
p

Value

urgeon 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

urgeon 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

atient 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

ype of operation
Segmental resection 2.13 0.85–5.30 0.105
Wedge resection 3.45 1.86–6.43 �0.001
Lobectomy (reference group) 1.00

neumonectomy 5.41 2.24–13.08 �0.001
harlson Comorbidity Index

score
3 (reference group) 1.00
4 1.13 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
Taiw

ge St
I � confidence interval.
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ajority of the hospitals (89%) fell into the low-volume
roup; these hospitals were also more likely to be re-
ional hospitals. Conversely, those hospitals in the high-
olume group were all medical centers and were also
enerally located in the northern part of Taiwan. No
ignificant relationships were observed between hospital
olume groups and patient age and sex.
Table 3 provides the crude odds ratio estimates of the

ikelihood of hospital in-patient deaths, by surgeon and
ospital lung cancer resection volume. Patients treated
y low-volume surgeons had significantly higher in-
ospital mortality rates than those treated by either
edium-volume surgeons (2.3% versus 1.0%; p � 0.005)

r high-volume surgeons (2.3% versus 0.6%, p � 0.001).
owever, hospital case volume alone is not a significant
redictor of hospital in-patient deaths for lung cancer
esections.

As Table 4 shows, with an increase in surgeon volume,
here was a corresponding decline in the adjusted odds
atio of hospital in-patient deaths, with the odds for those
atients treated by low-volume surgeons being 2.04 (re-
iprocal of 0.49) times those of medium-volume sur-
eons, and 2.63 (reciprocal of 0.38) times those of high-
olume surgeons.
Given the relatively small number of hospitals in the
edium- and high-volume groups, no adjustments were
ade for hospital characteristics (including hospital

evel, ownership, and geographical location) within the
egression model. With the exception of the widening of
he confidence intervals, when these results are adjusted
or clustering effects by the generalized estimated equa-
ion method, all of the significant relationships remain.

omment

his paper represents quite an uncommon example of an
nvestigation into the volume-outcome relationship in
ung cancer resections outside of the United States, with
he opportunity to undertake this study having arisen
rom the availability of a comprehensive nationwide
opulation-based dataset. Our results demonstrate that
fter adjusting for surgeon, hospital, and patient charac-
eristics, a significant inverse relationship exists between
urgeon volume and the odds of in-hospital deaths;
owever, we also find that hospital volume, by itself, is
ot a significant predictor of in-hospital mortality rates
fter lung cancer resections. This is a finding that does
ot concur with the conclusions drawn in an earlier study
y Hannan and associates [10]. Their study, which took
lace in New York State between 1994 and 1997, found no
ignificant differences between high- and low-volume
urgeons with regard to in-hospital mortality rates in
eneral, although, in high-volume hospitals, they did
nd better outcomes for both high- and low-volume
urgeons.

One likely reason for our departure from the US
ndings on pulmonary resections is the potential con-

ounding effect of the health insurance system in Taiwan.
bout 97% of all Taiwanese citizens have been covered

nder the NHI system since its inception in March 1995, l

ats.ctsnetjournDownloaded from 
ith all patients having free access to any health care
rovider of their choice in Taiwan. This contrasts sharply
ith many other health care delivery systems around the
orld, where there may often be a tendency to limit a
atient’s choice to certain providers. Such limitations on
atient choice may well result in confounding the rela-

ionship between provider volumes and patient out-
omes. Furthermore, the study sample in the study by
annan and associates [10] paper was limited to those
atients who had undergone lobectomies, as compared
ith the four types of resections examined in this study.
The literature suggests two possible explanatory hy-

otheses for the inverse volume-outcome relationship
11, 12]. The first of these is “selective referral,” which
uggests that selective referral either by physicians or by
he patients themselves will ultimately lead to the refer-
al of more patients to providers renowned for superior
reatment outcomes; thus, these providers would inevi-
ably find themselves performing higher volumes of lung
ancer resections.

As noted earlier, under the health insurance system in
aiwan, patients have the freedom to choose their pre-

erred provider; thus, based upon word-of-mouth recom-
endations from relatives or friends, physicians with

ood reputations for superior outcomes, even those
ithin the departments of the same hospital, will tend to

ttract greater numbers of patients [13]. Therefore, leav-
ng aside physician referrals, self-referrals by patients

ay be a major contributor to the inverse relationship
etween patient outcomes and surgeon volumes, partic-
larly in Taiwan.
The second hypothesis, “practice makes perfect,” is

ased upon the rationale that a larger volume of patients
llows providers to develop better levels of skill and
xpertise in the management of their operations or treat-
ent procedures. Therefore, high-volume providers are
ore likely to achieve better clinical performance owing

o their greater skills and experience.
In our study, the physician-specific volume is a stron-

er predictor of outcomes than hospital volume. Further-
ore, such highly skilled, high-volume surgeons are
ore likely to be older and to perform more complex

rocedures, such as lobectomies and pneumonecoto-
ies. Such results add support to the practice makes

erfect hypothesis.
Of the total of 45,610 patients in Taiwan diagnosed with

ung cancer between 2001 and 2004, only 4,841 patients
10.6%) received surgical lung or bronchial neoplasm
esections. Although, all pathologic subtypes of lung
ancer was included in our series, the resection rate of
ung cancer was far lower than the 16.5% resection rate
ecently reported in Norway based upon population-
ased data [14]. While it is difficult to substantiate the
easons for this low resection rate in our study design, the
revalence of pulmonary tuberculosis in Taiwan may be
ne of the main reasons for the low lung cancer resection
ate.

Surgical resection for lung cancer is still regarded as
he most effective method for early-stage nonsmall-cell

ung cancers, and is generally offered to all patients at
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tage I and II, and specific groups of patients at stage IIIa
N2) of the disease, but is not usually introduced to those
t stage IIIb (N3). Ipsilateral (N2) or contralateral (N3)
ediastinal lymphadenopathy is therefore a critical point
ith regard to the decision on whether the lung cancer

an be resected.
According to the literature, patients with pulmonary

uberculosis had about 90% mediastinal lymphadenopa-
hy [15], and even at that stage, it was difficult to differ-
ntiate between benign and malignant abnormalities by
ositron emission tomography [16]. In an area with a
igh prevalence of pulmonary tuberculosis, such as that
hich exists in Taiwan, the rationale for tuberculosis-

elated mediastinal lymphadenopathy complicates the
valuation of the preoperative clinical stage of lung
ancer. As we can expect to see more patients being
nitially diagnosed with clinical N2/N3 lung cancer dis-
ases than the actual numbers, that may explain why the
ung cancer resection rate in Taiwan is so low.

There have been a number of recent reports docu-
enting low postoperative mortality after lung cancer

urgery [9, 10, 14, 17]. Of these, a Japanese survey showed
uch improved 30-day mortality rates (at 3.2% for pneu-
onectomies, 1.2% for lobecotmies, and only 0.8% for

esser resections) [17]. In this study, we also find im-
roved in-hospital mortality rates, at 3.17% for pneumo-
ectomies and just 0.57% for lobectomies (not shown in

he Tables), with these figures being much lower than
hose contained in many of the prior reports.

This study has also examined all of the different oper-
tive types of lung cancer resections that resulted in
ignificant hospital in-patient deaths. As compared with
obectomies, wedge resections demonstrated poor short-
erm outcomes; however, this finding does not gain
upport from the results reported by any single institute
14]. One reason for this major difference may be that

ore sublobar resections were performed by low-
olume surgeons with high in-hospital mortality rates;
hat could potentially lead to wedge resections resulting
n higher in-hospital mortality rates than those reported
or lobectomies.

Another likely explanation for such disparity may be
he differences in characteristics between lung cancer
obecotomy and wedge resection patients. In general, a
edge resection is carried out on lung cancer patients
ho have poor cardiopulmonary function, which would
ake such patients intolerant to a lobectomy of the lung.
ctually, about 39% of the sample patients were in the
CI score category of “6 or more”; 44% of them received

ublobar resection, a percentage that is consistent with
he documented literature (not shown on Table). Al-
hough we have controlled for patient comorbidities, the
dministrative database adopted for this study was ex-
remely limited in its ability to account for differences in
uch severity of illness.

This study suffers from two limitations that should be
ddressed. First of all, although the outcome measure in
his study was in-hospital mortality, that did not include
ostdischarge deaths occurring as a direct result of the

urgical procedure. The differences in mortality rates

ats.ctsnetjournDownloaded from 
ould be partly attributable to this factor. Secondly, the
nformation on the stage of the disease, tumor size,
rade, and differentiation are not available in the NHIRD.
he stage of the cancer could play a crucial role in lung
ancer resection outcomes.

Despite these limitations, we have provided evidence
o show that after adjusting for patient, surgeon, and
ospital characteristics, an inverse volume-outcome re-

ationship does exist for surgeons, but not for hospitals,
n Taiwan. However, we suggest that low volume, as an
verall indicator of poor quality, must be used with
onsiderable caution, particularly with regard to policy
ecision making. We should acknowledge that there are

ikely to be low-volume surgeons providing excellent
ulmonary resection outcomes, who, according to the
ractice makes perfect and selective referral hypotheses,
ith advancing age, may ultimately become high-volume

urgeons.
Because the causal mechanisms linking volume and

utcomes remain unclear, we suggest that further studies
hould be carried out to identify the differences in the
earning processes, perioperative care structures, and
urgical techniques between high-volume surgeons with
xcellent outcomes and low-volume surgeons with poor
utcomes. That may well help to reduce the differences
etween surgeon outcomes and improve the overall
uality of care provided to their patients.

his study was supported by a grant from the National Science
ouncil (NSC 95-2416-H-038-001) in Taiwan. This study is based

n part on data from the National Health Insurance Research
atabase provided by the Bureau of National Health Insurance,
epartment of Health, Taiwan and managed by the National
ealth Research Institutes. The interpretations and conclusions

ontained herein do not represent those of the Bureau of
ational Health Insurance, Department of Health, or the Na-

ional Health Research Institutes.
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