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Background. We have found no study conducted out-
ide of the United States on the association between
hysician volume and patient outcomes after coronary
rtery bypass graft surgery. The aim of this study is to
xamine the association between surgeon-hospital coro-
ary artery bypass graft volume and patient outcomes
sing three-year population-based data on Taiwan.
Methods. This study uses the Taiwan National Health

nsurance Research Database covering the period 2000 to
002, with the study sample comprising 9,895 first-time
oronary artery bypass graft admissions, treated by 316
urgeons in 46 hospitals.

Results. Of the sampled patients, 356 (3.6%) were
ischarged after death. Those patients treated by low-
olume (1–50 cases) surgeons had significantly higher
ortality rates than those treated by medium-volume

51–100 cases) surgeons (7.0% vs 3.8%), high-volume

101–150 cases) surgeons (7.0% vs 2.7%), or very-high-
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olume (> 151 cases) surgeons (7.0% vs 3.2%). However,
ospital coronary artery bypass graft volume alone is an

nsufficient predictor of hospital in-patient deaths (p �
.078). The adjusted odds ratio of hospital in-patient
eaths declined with increasing surgeon volume, with

he odds of in-patient death for those patients treated by
ow-volume surgeons being 1.52 times those of medium-
olume surgeons, 1.89 times those of high-volume sur-
eons, and 2.04 times those of very-high-volume
urgeons.

Conclusions. We conclude that for all coronary artery
ypass graft surgeries taking place in Taiwan, the skill
nd experience of individual surgeons is a more critical
actor for patient outcome than either hospital equip-
ent or surgical teams.

(Ann Thorac Surg 2006;81:835–42)

© 2006 by The Society of Thoracic Surgeons
he past quarter of a century has seen the publication
of a substantial number of studies aimed at explain-

ng the association between the volume of patients
reated under particular procedures by physicians and
ospitals, and subsequent patient outcomes [1, 2]. One
articular procedure, coronary artery bypass graft

CABG) surgery, has drawn considerable attention,
argely because it is among the most common of all
rocedures performed within the United States [3, 4].
owever, the findings of the prior studies on the rela-

ionship between CABG volume and patient outcomes
o not seem to have reached any real consensus because
ome have reported significantly lower mortality rates for
ospitals performing higher volumes of CABG opera-

ions [4–7], while others have found no significant rela-
ionship between hospital CABG volume and mortality
ates [8, 9]. As to surgeons, some of the studies have
ound that mortality rates decreased significantly with
ncreasing CABG volume [3–5], while others have failed
o find any significant relationship [10, 11].

ccepted for publication Sept 15, 2005.

ddress correspondence to Dr Lin, School of Health Care Administration,
Most of the prior studies on the association between
ABG volume by healthcare providers and subsequent
atient outcomes have been heavily reliant upon state-
ide samples or subpopulations of patients, and as such,
ave failed to present unequivocal conclusions. Further-
ore, most of these studies were conducted on hospital-

evel volume alone, with very few seeking to examine the
imultaneous contribution to patient outcomes from both
ospital and surgeon volumes. The majority of the stud-

es on CABG volume and subsequent patient outcomes
ave also lacked case-specific measures of either surgeon
r hospital volumes within their dataset. All of these

ssues have hampered the efforts of both clinicians and
olicymakers alike, to optimize CABG patient outcomes

hrough the simultaneous development of hospital-level
nd surgeon-level strategies.
Using three-year population-based data on Taiwan,

his study sets out to examine the association between
urgeon and hospital CABG surgery volume, and subse-
uent patient outcomes. We have found no other study
n CABG volume, and subsequent patient outcomes, to
e conducted within any Asian country, and indeed, we
lso have found no other CABG volume-outcome study

utside of the United States.

0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2005.09.031
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aterial and Methods

atabase
his study uses pooled data for the years 2000, 2001, and
002 obtained from the National Health Insurance Re-
earch Database (NHIRD) published in Taiwan by the
ational Health Research Institute. The NHIRD covers

ll in-patient medical benefit claims for the Taiwanese
opulation of over 23 million. The NHIRD database

ncludes a registry of contracted medical facilities, a
egistry of board-certified surgeons, a monthly claims
ummary for in-patient claims, and details of in-patient
rders and expenditure on prescriptions dispensed at
ontracted pharmacies.

tudy Sample
he study sample was identified from the database by a
rincipal performed operational procedure International
lassification of Disease, Ninth Revision, Clinical Modi-
cation (ICD-9-CM) code 36.10–36.20 (broadly defined as
ypass anastomosis for heart revascularization). Of the
ix million in-patient records within the dataset covering
he period of this study, 10,844 hospitalized patients had
ndergone CABG surgery. In order to limit our study
ample to the adult population, all patients aged below 18
ears (n � 15) were excluded from the dataset. In addi-
ion, our study sample was limited to those patients who
ad undergone first-time CABG surgeries only; ulti-
ately, our study sample comprised 9,895 admissions.

urgeon and Hospital CABG Volume Groups
ince unique physician and hospital identifiers are avail-
ble within the NHIRD for each medical claim submitted,
his enabled us to identify the same physician, or the
ame hospital, carrying out one or more CABG surgeries
uring our three-year study period. Surgeon volume was
alculated by counting all claims for principal performed
perational procedure ICD-9-CM code 36.10-36.20 sub-
itted in 2000, 2001, or 2002.
In order to permit the comparison of our finding to the

xperiences of the US, we have used the same volume
hresholds as those adopted in the US studies [6, 12]. The
ample of 9,895 patients was divided into four surgeon
olume groups: 50 or less cases (hereafter referred to as
ow volume), 51 to 100 cases (medium volume), 101 to 150
ases (high volume), and 151 or greater cases (very high
olume), while the three hospital volume groups were
49 or less cases (low volume), 250 to 499 cases (medium
olume), and 500 or greater cases (high volume).

tatistical Analysis
he SAS statistical package (SAS Institute, Cary, NC) was
sed to perform statistical analysis of the data. Global �2

nalyses were conducted in order to examine the rela-
ionship between surgeon CABG volume groups and
nadjusted hospital in-patient deaths. After adjusting for
urgeon, patient, and hospital characteristics, multivari-
te logistic regression analyses were also employed to
ssess the independent association between surgeon

ABG volume and hospital in-patient deaths. s

ats.ctsnetjournDownloaded from 
Finally, generalized estimated equation (GEE) was also
arried out in order to account for any clustering of the
ampled patients among particular surgeons. Hospital
n-patient deaths were denoted by “1,” while live dis-
harges were denoted by “0.” We define in-patient
eaths as “the death of a patient at any time after
peration if the patient does not leave hospital.” The
rimary study outcome was dichotomous, irrespective of
hether or not a CABG surgery resulted in hospital

n-patient death.
Surgeon characteristics included the surgeon’s gender

nd age (as a surrogate for practice experience). Hospital
haracteristics included hospital ownership, hospital
evel, and geographic location. The hospital ownership
ariable was recorded as one of three types: public
ospital, private not-for-profit (NFP), or private for-profit

FP). The hospital level variable classified each hospital
s a medical center (with a minimum of 500 beds), a
egional hospital (minimum 250 beds), or a district hos-
ital (minimum 20 beds). Hospital level can therefore be
sed as a proxy for both hospital size and clinical service
apabilities. Hospital teaching status was not included
ithin the regressions since all medical centers and

egional hospitals in Taiwan are teaching hospitals. In
ddition, given the relatively small number of cases in
rivate FP hospitals, as well as hospitals located in
astern Taiwan, all of the private NFP and FP hospitals,
nd those hospitals located in central, southern, and
astern parts of Taiwan, were combined into a single
ategory referred to as “others.”

Patient characteristics comprised age, gender, and se-
erity of illness. Since no illness severity index is cur-
ently available in Taiwan, we used the Charlson Comor-
idity Index (CCI) to quantify preexisting comorbidity.
he CCI was developed in 1987 by Charlson and col-

eagues [13] as a means of classifying comorbid condi-
ions that might affect the risk of death from comorbidity
isease, and it has been widely used for risk adjustment

n administrative datasets [14].
In addition, after the method proposed by Rathore and

olleagues [6], the following ICD-9-CM codes were ad-
usted: principal diagnosis of myocardial infarction (MI),
econdary diagnosis of MI, any other non-MI coronary
isease diagnosis, concomitant valve repair, and the use
f an internal mammary graft. A two-sided p value of 0.05
r less was considered statistically significant.

esults

able 1 describes the distribution of the sampled patients
y patient, surgeon, and hospital characteristics. Of the
,895 first-time CABG hospitalizations during the three-
ear study period, 7,536 (76.2%) were male and 356 (3.6%)
ere discharged on death. The mean age of the patients
as 66.7 years, while that of the attending surgeons was

4.7 years. No sampled patient underwent concomitant
alve repair during the study period.
The bivariate analyses of patient, surgeon, and hospital

haracteristics by discharge status, which are also pre-

ented in Table 1, indicate that significant relationships
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able 1. Distribution of CABG Patients in Taiwan, 2000–2002 (n � 9,895)

Variables

Totals Discharge Status

p ValueNo. %

Alive Deceased

No. % No. %

atient gender
Male 7,536 76.2 7,278 96.6 258 3.4 0.096
Female 2,359 23.8 2,261 95.9 98 4.2

atient age
�65 3,637 36.8 3,560 97.9 77 2.1 �0.001
65–74 3,885 39.3 3,751 96.6 134 3.5
�74 2,373 24.0 2,228 93.9 145 6.1

oronary disease
MI as primary diagnosis 848 8.6 744 87.7 104 12.3 �0.001
MI as secondary diagnosis 76 0.8 67 88.2 9 11.8
Other coronary artery disease 8,971 90.7 8,728 97.3 243 2.7
iabetes
Yes 2,970 30.0 2,925 98.5 45 1.5 �0.001
No 6,925 70.0 6,614 95.5 311 4.5
ypertension
Yes 3,861 39.0 3,821 99.0 40 1.0 �0.001
No 6,034 61.0 5,718 94.8 316 5.2

OPD
Yes 336 3.4 325 98.5 11 3.3 0.045
No 9,559 96.6 9,208 96.3 351 3.7

enal disease
Yes 807 8.2 742 92.0 65 8.0 �0.001
No 9,088 91.8 8,797 96.8 291 3.2

ongestive heart failure
Yes 836 8.5 781 93.4 55 6.6 �0.001
No 9,059 91.5 8,758 96.7 301 3.3

eripheral vascular disease
Yes 78 0.8 78 100 — —
No 9,817 99.2 9,461 96.4 356 3.6

nternal mammary artery grafts
Yes 4,355 44.0 4,263 97.9 92 2.1 �0.001
No 5,540 56.0 5,276 95.2 264 4.8

urgeon gender
Male 9,605 97.1 9,265 96.5 340 3.5 0.075
Female 290 2.9 274 94.5 16 5.5

urgeon age
�41 4,162 42.1 3,988 95.8 174 4.2 0.003
41–50 3,173 32.1 3,087 97.3 86 2.7
�51 2,560 25.9 2,464 96.3 96 3.8
ospital level
Medical center 7,192 72.7 6,955 96.7 237 3.3 0.008
Regional hospital 2,703 27.3 2,584 95.6 119 4.4
ospital ownership
Public 3,742 37.8 3,563 95.2 179 4.8 �0.001
Private not-for-profit 5,824 58.9 5,655 97.1 169 2.9
Private for-profit 329 3.3 321 97.6 8 2.4
ospital location
Northern 5,847 59.1 5,596 95.7 251 4.3 0.001
Central 1,275 12.9 1,237 97.0 38 3.0
Southern 2,616 26.4 2,553 97.6 63 2.4
Eastern 157 1.6 153 97.5 4 2.6
ABG � coronary artery bypass grafting; COPD � chronic obstructive pulmonary disease.
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xist between discharge status and patient age (p � 0.001),
hether a patient’s condition was complicated by MI (p �

.001), diabetes (p � 0.001), hypertension (p � 0.001),
hronic obstructive pulmonary disease (p � 0.045), renal
isease (p � 0.001) or congestive heart failure (p � 0.001),
se of internal mammary artery grafts (p � 0.001), surgeon
ge (p � 0.003), hospital level (p � 0.008), ownership (p �
.001), and geographic location (p � 0.001).

Patient, surgeon, and hospital characteristics, by sur-
eon CABG volume group, are summarized in Table 2,
hich shows that 316 surgeons performed the CABG

urgical procedure between 2000 and 2002 at a mean
olume per surgeon of 33 operations. Of these, 258
81.7%) were in the low-volume group with 50 or less
perations, while a further 21 (6.7%) were in the medium-
olume group with 51 to 100 operations; 16 (5.1%) were in
he high-volume group with 101 to 150 operations and 21
6.7%) were in the very-high-volume group, with 151 or
reater operations. The mean age of the patients was

able 2. Surgeon, Hospital, and Patient Characteristics in Tai

Variable

Low (1–50) Medi

No. %
Mean
(SD) No.

urgeon characteristicsa

No. of Surgeons 258 21
Mean of surgeon CABG

volume
6 (9)

Mean of surgeon age 41.8 (6.4)
Surgeon gender

Male 242 93.8 21
Female 16 6.2

ospital characteristicsb

No. of hospitals 27 7
Hospital level

Medical center 9 33.3 2 2
Regional hospital 18 66.7 5 7

Hospital ownership
Public 7 25.9 3 4
Private (not-for-profit) 15 55.6 2 2
Private (for-profit) 5 18.5 2 2

Hospital location
Northern 10 37.0 2 2
Central 8 29.6 1 1
Southern 9 33.3 4 5
Eastern

atient characteristicsc

Total No. of patients 1,072 10.8 1,426 1
Mean age of patients 67.5 (10.3)
Patient gender

Male 791 73.8 1,085 7
Female 281 26.2 341 2

Total No. of surgeons � 316. b Total No. of hospitals � 46. c Tot

ABG � coronary artery bypass grafting.
imilar across all of the groups. p

ats.ctsnetjournDownloaded from 
Surgeon, hospital, and patient characteristics, by hos-
ital CABG volume group, are shown in Table 3. A total
f 46 hospitals performed CABG operations during the
eriod of this study, at a mean volume per hospital of 236
perations. The vast majority of hospitals (67.4%) fell into
he low-volume group; they were also more likely to be
egional or private NFP hospitals.

Table 4 provides the crude odds ratio estimates of the
ikelihood of hospital in-patient death, by surgeon and
ospital CABG volume. Patients treated by low-volume
urgeons had significantly higher mortality rates than
hose treated by medium-volume surgeons (7.0% vs
.8%, p�0.001), high-volume surgeons (7.0% vs 2.7%,
�0.001), or very-high-volume surgeons (7.0% vs 3.2%,
�0.001). However, hospital CABG volume alone is an
nsufficient predictor of hospital in-patient death.

As shown in Table 5, the adjusted odds ratio of hospital
n-patient deaths declined with increasing surgeon vol-
me, with the odds of hospital in-patient death for those

, by Surgeon CABG Volume Groups, 2000–2002

geon CABG Volume Group

51–100) High (101–150) Very High (�151)

Mean
(SD) No. %

Mean
(SD) No. %

Mean
(SD)

16 21
68 (14) 121 (12) 260 (86)

39.5 (6.2) 44.0 (9.3) 47.1 (8.1)

16 20 95.2
1 4.8

6 6

3 50.0 4 66.7
3 50.0 2 33.3

1 16.7 2 33.3
5 83.3 4 66.7

3 50.0 5 83.3
1 16.7
1 16.7
1 16.7 1 16.7

1,941 19.6 5,456 55.1
65.6 (10.5) 66.0 (10.0) 67.0 (10.4)

1,431 73.7 4,229 77.5
510 26.3 1,227 22.5

ient sample � 9,895.
wan

Sur

um (

%

8.6
1.4

2.9
8.6
8.6

8.6
4.3
7.1

4.4

6.1
3.9

al pat
atients treated by low-volume surgeons being 1.52 (re-
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iprocal of 0.66) times those of medium-volume sur-
eons, 1.89 (reciprocal of 0.53) times those of high-
olume surgeons, and 2.04 (reciprocal of 0.49) times those
f very high-volume surgeons. In this regression model,
he C-index value is equal to 0.805.

With the exception of the widening of the confidence
ntervals, when these results are adjusted for clustering
ffects by GEE, all of the significant relationships remain.
t is also worth noting that higher hospital in-patient
eaths occurred among those patients with higher CCI
cores, those principally diagnosed with myocardial in-
arction, and those whose operations had taken place in
ublic hospitals.

omment

ffective identification of the volume-outcome rela-
ionship can help clinicians and policy makers alike to
evelop effective strategies to improve the quality of

able 3. Surgeon, Hospital, and Patient Characteristics in Tai

Variable

Low (1–249)

No. %
Mea
(SD

urgeon characteristicsa

No. of surgeons 103
Mean of surgeon age 40.5 (5
Surgeon gender

Male 98 95.2
Female 5 4.8

ospital characteristicsb

No. of hospitals 31
Mean of hospital CABG volume 55 (5
Hospital level

Medical center 5 16.1
Regional hospital 26 83.9

Hospital ownership
Public 7 22.6
Private (not-for-profit) 17 54.8
Private (for-profit) 7 22.6

Hospital location
Northern 11 35.5
Central 9 29.0
Southern 9 29.0
Eastern 2 6.5

atient characteristicsc

Total No. of patients 1730
Mean age of patients 66.6 (1
Patient gender

Male 1,247 72.1
Female 483 21.9

Total No. of surgeons � 316. b Total No. of hospitals � 46. c Tot

ABG � coronary artery bypass grafting.
ABG surgery. Although there is, as yet, no general c

ats.ctsnetjournDownloaded from 
onsensus on the volume-outcome relationship of
ABG operations in the current literature, a consider-
ble number of these studies have reported a signifi-
ant relationship between high-volume hospitals or
urgeons, and better patient outcomes [4 –7, 15]. How-
ver, all of the prior studies were undertaken within
he United States and it remains unclear as to whether
he findings can be generalized to other regions or
ountries.

After adjusting for patient, surgeon, and hospital
haracteristics, we find that a significant inverse rela-
ionship exists between surgeon volume and hospital
n-patient deaths; however, this study also finds that
ospital volume is not a significant predictor of hospi-

al in-patient deaths after CABG surgery. This finding
uggests that in Taiwan the skill or experience of
ndividual surgeons is a more critical factor than hos-
ital equipment or surgical teams in determining pa-

ient outcomes after CABG surgery. This finding also

, by Hospital CABG Volume Groups, 2000–2002

Hospital CABG Volume Group

Medium (250–499) High (�500)

No. %
Mean
(SD) No. %

Mean
(SD)

96 117
43.5 (7.6) 42.2 (6.9)

90 93.7 111 94.9
6 6.3 6 5.1

7 8
370 (44) 698 (227)

7 100.0 6 75.0
2 25.0

2 28.6 4 100.0
5 71.4

4 57.1 5 62.5
1 12.5

3 42.9 2 25.0

2,584 31.3 5,581
65.7 (10.2) 67.2 (10.3)

1,915 74.1 4,374 78.4
669 25.9 1,207 21.6

ient sample � 9,895.
wan

n
)

.5)

3)

0.5)

al pat
omes in light of the conclusions of five earlier studies
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y Hannan and others [3, 5, 12, 16, 17], which took place
n New York State during different time periods. The
esults of these studies have consistently reported that
urgeon volume is a more significant factor than hos-
ital volume in predicting patient outcomes after
ABG surgery, and that hospital volume is only mar-
inally related to patient outcomes.
The prior literature in this area proposes three

ossible hypotheses to explain the inverse volume-
utcome relationship [1]. The first of these hypotheses,
practice makes perfect,” is based upon the rationale
hat a larger volume of patients allows providers to
evelop better skills and expertise in the management
f operations or treatment procedures. Therefore,
igh-volume providers are more likely to achieve bet-

er clinical performance due to their greater skills and
xperience. Under such a hypothesis, there is the
ikelihood that low-volume surgeons with poor out-
omes can improve their clinical performance substan-
ially by increasing their patient volume. However, we

ust remain cautious here because an increase in the
olume of low-volume surgeons may lead to adverse
ffects, such as incentives being created for low-
olume surgeons to lower artificially the threshold for
ABG operations [18]. Furthermore, although it is
ifficult to refute the role that “practice makes perfect”
as played in the system of healthcare delivery in
aiwan [19], we are unable to demonstrate through our
ross-sectional study whether the volume-outcome re-
ationship observed in this study can be fully explained
y such a hypothesis.
The second hypothesis relates to “selective-referral,”
hich suggests that selectively referring physicians or
atients leads to the referral to providers of more
atients with superior outcomes; thus, these providers
ould be performing a high volume of CABG proce-
ures. The study of Luft and colleagues [7] confirmed

able 4. Crude Odds Ratios for Hospital In-Patient Deaths
n Taiwan, by Surgeon and Hospital CABG Volumes,
000–2002 (n � 9895)

Variables

Discharge Status

OR 95% CI p Value

Alive Deceased

No. % No. %

urgeon CABG volume
�50 997 93.0 75 7.0 1.00
51–100 1,372 96.2 54 3.8 0.52 (0.37–0.75) �0.001
101–150 1,888 97.3 53 2.7 0.37 (0.26–0.54)
�151 5,282 96.8 174 3.2 0.44 (0.33–0.58)
ospital CABG volume
�249 1667 96.4 63 3.6 1.00
250–499 2,507 97.0 77 3.0 0.72 (0.51–1.13) 0.078
�500 5,356 96.0 2254 4.0 1.11 (0.84–1.48)

ABG � coronary artery bypass grafting; CI � confidence inter-
al; OR � odds ratio.
hat at least part of the volume-outcome relationship
C
v

ats.ctsnetjournDownloaded from 
as attributable to physician referral or patient
elf-referral.

The findings of our study suggest that under this
ypothesis, patients or referring physicians will be
ore inclined to move their patients toward surgeons
ith better patient outcomes, as opposed to those
ospitals with superior reputations. In Taiwan, al-

hough physicians work in the same department within
ne hospital, they may, nevertheless, have graduated
rom different medical schools or have undertaken
heir residencies in different hospitals. Therefore, even
ithin the same department, physicians could be prac-

icing a variety of skills or procedures in CABG oper-
tions, which could well lead to very different patient
utcomes.
“Self-referral” may also be a major factor contribut-

ng to the inverse relationship between the patient
utcomes and surgeon volumes observed in Taiwan,

able 5. Adjusted Odds Ratios for Hospital In-Patient
eaths in Taiwan, by Surgeon CABG Volume, 2000–2002

n � 9895)

Variable OR 95% CI p Value

urgeon CABG volume
�50 1.00
51–100 0.66 (0.45–0.96) 0.029
101–150 0.53 (0.36–0.79) 0.002
�151 0.49 (0.36–0.67) �0.001

harlson comorbidity index score
0 1.00
1 1.45 (1.09–1.95) 0.012
2 1.58 (1.12–2.23) 0.010
3 0.55 (0.30–1.03) 0.061
4 or more 2.25 (1.34–3.78) 0.002

urgeon age 1.00 (0.99–1.02) 0.750
ospital level
Medical center 0.56 (0.42–0.77) 0.003
Regional hospital 1.00
ospital ownership
Public 1.00
Others 0.45 (0.34–0.59) �0.001
ospital location
Northern 1.00
Others 0.38 (0.29–0.50) �0.001

atient gender
Male 0.89 (0.70–1.14) 0.369
Female 1.00

atient age
oronary disease
MI as primary diagnosis 3.73 (2.84–4.89) �0.001
MI as secondary diagnosis 3.22 (1.53–6.77) 0.002
Other coronary artery disease 1.00

nternal mammary graft
Yes 0.39 (0.30–0.51) �0.001
No 1.00
ABG � coronary artery bypass grafting; CI � confidence inter-
al; MI � myocardial infarction; OR � odds ratio.

 by on April 7, 2011 als.org

http://ats.ctsnetjournals.org


p
T
t
t
n
o
p
h
q
o
a

b
e
a
“
f
u
a
d
T
h
c
i
a
h
a
w

a
s
i
p
s
g
s
c

a
a
d
M
t
p
d
u
o
c
t
C
w
a
W
m
w
p
t
i
v
v

s
q

T
S
i
R
I
N
c
B
t

R

1

1

1

1

1

1

841Ann Thorac Surg WEN ET AL
2006;81:835–42 CABG SURGERY IN TAIWAN

C
A

R
D

IO
V

A
SC

U
LA

R

articular since, in the absence of a referral system,
aiwanese consumers have the freedom to choose

heir preferred provider. Physicians with good reputa-
ions or superior outcomes will tend to attract a greater
umber of patients as a result of word-of-mouth rec-
mmendations from relatives or friends [20]. However,
rior to any policy decisions being derived from this
ypothesis, further longitudinal studies will be re-
uired to determine whether surgeons with better
utcomes in the initial time period would subsequently
cquire any greater volume of patients.
The third hypothesis on the inverse relationship

etween surgeon volume and outcomes is the differ-
nce in patient characteristics between low-volume
nd high-volume providers, particularly with regard to
severity of illness.” Although this study has controlled
or patient comorbidities, the administrative database
sed by this study is extremely limited in its ability to
ccount for the differences in severity of coronary
iseases among patients. Nevertheless, the studies by
u and colleagues [21] and Jones and colleagues [22]
ave demonstrated that a relatively small number of
linical variables are sufficient to enable a fair compar-
son across hospitals of risk-adjusted mortality rates
fter CABG surgery. Moreover, the “severity of illness”
ypothesis gains no support from the study of Shook
nd colleagues [23], which found that low-risk patients
ere more likely be treated by low-volume providers.
In addition to the abovementioned limitations, one

dditional caveat to this study should be noted. While
ome of the European countries and some of the states
n the US have regulations limiting the number of
roviders allowed to perform certain procedures, the
ituation is quite different in Taiwan, with some sur-
eons having only very small CABG caseloads. Such
mall caseloads may prohibit meaningful statistical
omparisons of the individual surgeons concerned.

Despite these limitations, this study has found that
fter adjusting for patient, surgeon, and hospital char-
cteristics, an inverse volume-outcome relationship
oes exist for surgeons in Taiwan, but not for hospitals.
any studies have proposed feasible policy implica-

ions such as a regionalized or centralized CABG
rogram, or even selective referral of CABG proce-
ures to low-mortality providers based upon the vol-
me-outcome relationship; however, low volume as an
verall indicator of poor quality must be used with
onsiderable caution. It is difficult to deny the exis-
ence of low-volume surgeons who provide excellent
ABG surgery outcomes and high-volume surgeons
ho provide poor outcomes; indeed, the casual mech-

nisms linking volume and outcomes remain unclear.
e suggest, therefore, that volume should be used
erely as a screening measure in the first instance,
hile initiating a more thorough, in-depth review of
rovider performance. We also suggest that investiga-

ions should be undertaken to identify the differences
n clinical approaches and techniques between high-
olume surgeons with excellent outcomes and low-

olume surgeons with poor outcomes; the results of

ats.ctsnetjournDownloaded from 
uch studies could help the latter to improve the
uality of their patient care.

his study was supported partially by a grant from the National
cience Council (NSC 93-2416-H-38-002) in Taiwan. This study

s based in part on data from the National Health Insurance
esearch Database provided by the Bureau of National Health

nsurance, Department of Health, Taiwan, and managed by the
ational Health Research Institutes. The interpretations and

onclusions contained herein do not represent those of the
ureau of National Health Insurance, Department of Health, or

he National Health Research Institutes.

eferences

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

2. Halm EA, Lee C, Chassin MR. Is volume related to outcome
in health care? A systematic review and methodologic cri-
tique of the literature. Ann Intern Med 2002;137:511–20.

3. Hannan EL, Wu C, Ryan TJ, et al. Do hospitals and surgeons
with higher coronary artery bypass graft surgery volumes
still have lower risk-adjusted mortality rates? Circulation
2003;108:795–801.

4. Hannan EL, Kilburn H Jr, Bernard H, O’Donnell JF, Lukacik
G, Shields EP. Coronary artery bypass surgery: the relation-
ship between inhospital mortality rate and surgical volume
after controlling for clinical risk factors. Med Care 1991;29:
1094–1107.

5. Hannan EL, O’Donnell JF, Kilburn H Jr, Bernard HR, Yazici
A. Investigation of the relationship between volume and
mortality for surgical procedures performed in New York
State hospitals. JAMA 1989;262:503–10.

6. Rathore SS, Epstein AJ, Volpp KG, Krumholz HM. Hospital
coronary artery bypass graft surgery volume and patient
mortality, 1998-2000. Ann Surg 2004;39:110–17.

7. 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.

8. Shroyer AL, Marshall G, Warner BA, et al. No continuous
relationship between Veterans Affairs hospital coronary ar-
tery bypass grafting surgical volume and operative mortal-
ity. Ann Thorac Surg 1996;61:17–20.

9. Sollano JA, Gelijns AC, Moskowitz AJ, et al. Volume-
outcome relationships in cardiovascular operations: New
York State, 1990-1995. J Thorac Cardiovasc Surg 1999;117:
419–28.

0. Hughes RG, Hunt SS, Luft HS. Effects of surgeon volume
and hospital volume on quality of care in hospitals. Med
Care 1987;25:489–503.

1. Kelly JV, Hellinger FJ. Heart disease and hospital deaths: an
empirical study. Health Serv Res 1987;22:369–95.

2. Hannan EL, Siu AL, Kumar D, Kilburn H Jr, Chassin MR.
The decline in coronary artery bypass graft surgery mortality
in New York State. The role of surgeon volume. JAMA
1995;273:209–13.

3. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis 1987;40:
373–83.

4. Birim O, Kappetein AP, Goorden T, van Klaveren RJ, Bogers
AJ. Proper treatment selection may improve survival in
patients with clinical early-stage nonsmall cell lung cancer.
Ann Thorac Surg 2005;8:1021–6.

5. Showstack JA, Rosenfeld KE, Garnick DW, Luft HS, Schaf-
farzick RW, Fowles J. Association of volume with outcome of

coronary artery bypass graft surgery. Scheduled vs non-
scheduled operations. JAMA 1987;257:785–9.

 by on April 7, 2011 als.org

http://ats.ctsnetjournals.org


1

1

1

1

2

2

2

2

O

E
T
r
c
u
T
d
t

i
t
w
w
i
i
W
e
v
W

842 WEN ET AL Ann Thorac Surg
CABG SURGERY IN TAIWAN 2006;81:835–42

©
P

C
A

R
D

IO
V

A
SC

U
LA

R

6. Hannan EL, Kilburn H Jr, O’Donnell JF, Lukacik G, Shields
EP. Adult open heart surgery in New York State. An analysis
of risk factors and hospital mortality rates. JAMA 1990;264:
2768–74.

7. Hannan EL, Kilburn H Jr, Racz M, et al. Improving the
outcomes of coronary artery bypass surgery in New York
State. JAMA 1994;271:761–6.

8. Sheikh K. Reliability of provider volume and outcome asso-
ciations for healthcare policy. Med Care 2003;41:1111–7.

9. Bear HD, Lawrence W Jr. The impact of surgeon and
hospital volume on the quality of surgical outcomes. J Surg
Oncol 2003;84:53–4.

0. Cheng SH, Song HY. Surgeon performance information and
consumer choice: a survey of subjects with the freedom to
nline Discussion Forum

eb site.

d

G
t

G
m
M
l
M

T
T
U
P
5
S
P
F
e

2006 by The Society of Thoracic Surgeons
ublished by Elsevier Inc

ats.ctsnetjournDownloaded from 
1. Tu JV, Sykora K, Naylor CD. Assessing the outcomes of
coronary artery bypass graft surgery: how many risk
factors are enough? Steering Committee of the Cardiac
Care Network of Ontario. J Am Coll Cardiol 1997;30:1317–
23.

2. Jones RH, Hannan EL, Hammermeister KE, et al. Identi-
fication of preoperative variables needed for risk adjust-
ment of short-term mortality after coronary artery bypass
graft surgery. The Working Group Panel on the Cooper-
ative CABG Database Project. J Am Coll Cardiol 1996;28:
1478 – 87.

3. Shook TL, Sun GW, Burstein S, Eisenhauer AC, Matthews
RV. Comparison of percutaneous transluminal coronary
angioplasty outcome and hospital costs for low-volume
choose between doctors. Qual Saf Health Care 2004;13:98–101. and high-volume operators. Am J Cardiol 1996;77:331– 6.
ach month, we select an article from the The Annals of
horacic Surgery for discussion within the Surgeon’s Fo-
um of the CTSNet Discussion Forum Section. The arti-
les chosen rotate among the six dilemma topics covered
nder the Surgeon’s Forum, which include: General
horacic Surgery, Adult Cardiac Surgery, Pediatric Car-
iac Surgery, Cardiac Transplantation, Lung Transplan-

ation, and Aortic and Vascular Surgery.
Once the article selected for discussion is published

n the online version of The Annals, we will post a no-
ice on the CTSNet home page (http://www.ctsnet.org)
ith a FREE LINK to the full-text article. Readers
ishing to comment can post their own commentary

n the discussion forum for that article, which will be
nformally moderated by The Annals Internet Editor.

e encourage all surgeons to participate in this inter-
sting exchange and to avail themselves of the other
aluable features of the CTSNet Discussion Forum and
For March, the article chosen for discussion under the Pe-
iatric Cardiac Dilemma Section of the Discussion forum is:

enetic Syndromes and Outcome After Surgical Correc-
ion of Tetralogy of Fallot

uido Michielon, MD, Bruno Marino, MD, Roberto For-
igari, MD, Gaetano Gargiulo, MD, Fernando Picchio,
D, Maria C. Digilio, MD, Silvia Anaclerio, MD, Gian-

uca Oricchio, MD, Stephen P. Sanders, MD, and Roberto
. Di Donato, MD

om R. Karl, MD
he Annals Internet Editor
CSF Children’s Hospital
ediatric Cardiac Surgical Unit
05 Parnassus Ave, Room S-549
an Francisco, CA 94143-0118
hone: (415) 476-3501
ax: (212) 202-3622

-mail: karlt@surgery.ucsf.edu

Ann Thorac Surg 2006;81:842 • 0003-4975/06/$32.00

 by on April 7, 2011 als.org

http://ats.ctsnetjournals.org


DOI: 10.1016/j.athoracsur.2005.09.031 
 2006;81:835-842 Ann Thorac Surg

Chen and Chi-Yuan Li 
Hsyien-Chia Wen, Chao-Hsiun Tang, Herng-Ching Lin, Chien-Sung Tsai, Chin-Shyan

 Graft Surgery Outcomes: A Population-Based Study
Association Between Surgeon and Hospital Volume in Coronary Artery Bypass

 & Services
Updated Information

 http://ats.ctsnetjournals.org/cgi/content/full/81/3/835
including high-resolution figures, can be found at: 

 References
 http://ats.ctsnetjournals.org/cgi/content/full/81/3/835#BIBL

This article cites 23 articles, 12 of which you can access for free at:

 Citations
 http://ats.ctsnetjournals.org/cgi/content/full/81/3/835#otherarticles

This article has been cited by 5 HighWire-hosted articles: 

 Subspecialty Collections

 http://ats.ctsnetjournals.org/cgi/collection/coronary_disease
 Coronary disease

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

 Permissions & Licensing

 .healthpermissions@elsevier.comemail: 
 orhttp://www.us.elsevierhealth.com/Licensing/permissions.jsp

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

 Reprints
 reprints@elsevier.com

For information about ordering reprints, please email: 

 by on April 7, 2011 ats.ctsnetjournals.orgDownloaded from 

http://ats.ctsnetjournals.org/cgi/content/full/81/3/835
http://ats.ctsnetjournals.org/cgi/content/full/81/3/835#BIBL
http://ats.ctsnetjournals.org/cgi/content/full/81/3/835#otherarticles
http://ats.ctsnetjournals.org/cgi/collection/coronary_disease
http://www.us.elsevierhealth.com/Licensing/permissions.jsp
http://ats.ctsnetjournals.org

	Association Between Surgeon and Hospital Volume in Coronary Artery Bypass Graft Surgery Outcomes: A Population-Based Study
	Material and Methods
	Database
	Study Sample
	Surgeon and Hospital CABG Volume Groups
	Statistical Analysis

	Results
	Comment
	References
	Online Discussion Forum


