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Surgeon Specialty and Operative Mortality With Lung
Resection

Philip P. Goodney, MD,*†‡ F. L. Lucas, MD,§ Therese A. Stukel, PhD,‡¶ and
John D. Birkmeyer, MD*†‡�

Objective: We sought to examine the effect of subspecialty training
on operative mortality following lung resection.
Summary Background Data: While several different surgical
subspecialists perform lung resection for cancer, many believe that
this procedure is best performed by board-certified thoracic sur-
geons.
Methods: Using the national Medicare database 1998 to 1999, we
identified patients undergoing lung resection (lobectomy or pneu-
monectomy) for lung cancer. Operating surgeons were identified by
unique physician identifier codes contained in the discharge abstract.
We used the American Board of Thoracic Surgery database, as well
as physician practice patterns, to designate surgeons as general
surgeons, cardiothoracic surgeons, or noncardiac thoracic surgeons.
Using logistic regression models, we compared operative mortality
across surgeon subspecialties, adjusting for patient, surgeon, and
hospital characteristics.
Results: Overall, 25,545 Medicare patients underwent lung resec-
tion, 36% by general surgeons, 39% by cardiothoracic surgeons, and
25% by noncardiac thoracic surgeons. Patient characteristics did not
differ substantially by surgeon specialty. Adjusted operative mor-
tality rates were lowest for cardiothoracic and noncardiac thoracic
surgeons (7.6% general surgeons, 5.6% cardiothoracic surgeons,
5.8% noncardiac thoracic surgeons, P � 0.001). In analyses re-
stricted to high-volume surgeons (�20 lung resections/y), mortality
rates were lowest for noncardiac thoracic surgeons (5.1% noncardiac

thoracic, 5.2% cardiothoracic, and 6.1% general surgeons) (P �
0.01 for difference between general surgeons and thoracic sur-
geons). In analyses restricted to high-volume hospitals (�45 lung
resections/y), mortality rates were again lowest for noncardiac
thoracic surgeons (5.0% noncardiac thoracic, 5.3% cardiothoracic,
and 6.1% general surgeons) (P � 0.01 for differences between all 3
groups).
Conclusions: Operative mortality with lung resection varies by
surgeon specialty. Some, but not all, of this variation in operative
mortality is attributable to hospital and surgeon volume.

(Ann Surg 2005;241: 179–184)

Many believe that subspecialty training may improve
surgical outcomes in high-risk surgery. Examples of

this finding have been published across a wide range of
surgical subspecialties. For example, in carotid endarterec-
tomy, vascular surgeons were found to have lower in-hospital
mortality and stroke rates than neurosurgeons or general
surgeons.1 In colorectal cancer, several studies have found
that colorectal surgeons have lower local and overall recur-
rence rates.2–5 While many believe that additional subspe-
cialty training can result in improved outcomes in complex
procedures, it is important to note that not all studies exam-
ining this effect6 have found a significant differences across
surgeon specialty.

However, the impact of surgeon specialty on outcomes
with lung cancer surgery is uncertain. Surgeons that are
board-certified in thoracic surgery have greater training in
thoracic procedures than general surgeons. Moreover, some
thoracic surgeons eschew cardiac procedures, focusing pri-
marily on lung procedures. Although 1 study7has compared
outcomes by specialty, this study was relatively small, re-
stricted to 1 state, and was limited in examination of poten-
tially confounding variables, such as hospital setting and
hospital volume in lung resection.

Although many believe lung resection is best per-
formed by board-certified thoracic surgeons, the empiric
basis for this assumption has not been established. For this
reason, we performed a national study comparing operative
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mortality rates with lung resection between noncardiac tho-
racic, cardiothoracic, and general surgeons.

METHODS

Patients and Databases
Using data from the national Medicare database in this

retrospective cohort study, we obtained 100% national sam-
ples from the Health Care Financing Administration’s MED-
PAR and denominator files for the years 1998 to 1999. This
file contains hospital discharge abstracts for acute care hos-
pitalizations of all US Medicare recipients under the hospital
(Part A) insurance program. Only patients in fee-for-service
arrangements are included in the MEDPAR file. Thus, our
sample excludes Medicare patients enrolled in risk-bearing
health maintenance organizations (less than 10%) during this
time period. We excluded patients under age 65 or over age
99. Further details on the database are available elsewhere.8

We linked patients and surgeons using the unique
provider identifier number in each patient record in the
Medicare database. We then categorized surgeons into 3
distinct, mutually exclusive subspecialty categories: general
surgeons, noncardiac thoracic surgeons, and cardiothoracic
surgeons (see Fig. 1). To ensure that we accurately designated
thoracic surgeons, we obtained a list of board-certified tho-
racic surgeons from the American Board of Thoracic Surgery
(ABTS), the certifying body for thoracic surgeons. This list
was merged with our Medicare file to identify thoracic
surgeons. We further characterized thoracic surgeons as car-
diothoracic surgeons or noncardiac thoracic surgeons. The
former were defined as those performing at least 1 coronary
artery bypass graft (CABG) procedure on any Medicare

patient during the study period. Thoracic surgeons that did
not perform any CABG procedures during the study period
were designated as noncardiac thoracic surgeons. Noncardiac
thoracic and cardiothoracic surgeons were analyzed sepa-
rately in the analysis.

Analysis
We used the patient as the unit of analysis. Our expo-

sure variable was surgeon specialty (general, cardiothoracic,
or noncardiac thoracic), and our main outcome measure was
operative mortality, defined as death before discharge or
within 30 days of the operative procedure. Deaths occurring
after discharge but within 30 days of the operative procedure
were captured by using the National Death Index.9

Utilizing methods previously described,8,10 we used
multiple logistic regression to study relationships between
patient level variables and our main outcome measures. We
adjusted for the following variables: age, sex, race (African
American, non–African American), and patient comorbidi-
ties. Patient comorbidities were identified using information
from both the index admission and admission occurring
within the preceding 6 months. Comorbidities were compiled
into a Charlson score11 for each patient, a commonly used
measure of comorbidity status. The Charlson score weights
patients based on the number and type of comorbidities
recorded in the discharge abstract. Comorbidities typically
include diagnoses such as chronic obstructive pulmonary
disease, coronary artery disease, or hypertension. We also
adjusted for the extent of resection (lobectomy versus pneu-
monectomy).

We also adjusted for characteristics of the hospital in
which each surgeon practiced. For surgeons who operated in
more than 1 hospital, we used the hospital in which he or she
performed the most cases. Using the 1998 American Hospital
Association file, we adjusted for the following variables:
teaching status, medical school affiliation, and the presence or
absence of a cancer program approved by the American
College of Surgeons.

Given the well-documented association between oper-
ative mortality and hospital volume,8,12,13 we also adjusted
for hospital volume in lung resection. To eliminate any bias
introduced by assignment of high- and low-volume cut
points, hospital volume was considered as a continuous
variable. Given evidence1,7,12,14 that operative mortality var-
ies with surgeon experience, we adjusted for surgeon volume
in lung resection, also considered as a continuous variable. In
measuring hospital and surgeon volume, we defined volume
as the total number of lung resections (both Medicare and
non-Medicare patients) treated by the individual hospital or
surgeon. Additionally, we adjusted for the effect of cluster-
ing15 of patients within surgeons and within hospitals. Results
from these regression models were used to generate adjusted
mortality rates using predicted risk estimates.

FIGURE 1. Determination of surgeon subspecialty. ABTS,
American Board of Thoracic Surgery; N, number of providers;
UPIN, Unique Provider Identifier Number.
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All analyses were performed using STATA (STATA
Corporation, College Station, TX). All tests of significance
are at the 5% level, and all P values are 2 tailed. The
institutional review board at Dartmouth Medical School ap-
proved our study protocol.

RESULTS

Patient and Surgeon Characteristics
Overall, 25,545 patients were included in our analysis.

Of these, 36% underwent lung resection by general surgeons,
39% by cardiothoracic surgeons, and 25% by noncardiac
thoracic surgeons. There were no substantial differences in
mean age, sex, race, or comorbidity score or between groups
(Table 1). Approximately 89% of patients in all groups
underwent lobe resection, and approximately 11% underwent
pneumonectomy.

Overall, 2614 general surgeons, 1516 cardiothoracic
surgeons, and 663 noncardiac thoracic surgeons were in-
cluded in our analysis (Table 2). Surgeon characteristics
varied by specialty. Thoracic surgeons, on average, were
slightly older, had higher procedure volumes in lung resec-
tion, and were more likely to practice in high-volume hospi-
tals than general surgeons. Hospitals serving as the primary
hospitals for cardiothoracic and noncardiac thoracic surgeons
were more likely to be teaching institutions, employ resi-
dents, be affiliated with a medical school, and be a part of an
American College of Surgeons cancer program than the
primary hospitals for general surgeons.

Operative Mortality by Surgeon Specialty
Adjusted operative mortality rates varied by surgeon

specialty (Fig. 2). The lowest mortality rates were seen in
patients undergoing surgery by thoracic surgeons. Adjusted
operative mortality rates ranged from 5.6% with cardiotho-
racic surgeons to 5.8% with noncardiac thoracic surgeons to
7.6% with general surgeons (P � 0.001 for difference general
and thoracic surgeons). Odds ratios of operative mortality are
shown in Table 3, using the general surgery group as the
referent group. Crude odds ratios are shown in the first row,
while odds ratios adjusted for patient, hospital, and surgeon

characteristics are shown in the latter rows. The crude odds
ratios show a relative reduction in the odds of operative
mortality across surgeon specialties of greater than 20%. This
effect changes little when adjusting for patient and hospital
characteristics. When we adjust for continuous measures of
surgeon and hospital volume, the effect is only slightly
attenuated for both cardiothoracic surgeons and noncardiac
thoracic surgeons.

We then examined whether specialty-related differ-
ences persisted in analysis restricted to high-volume surgeons
and high-volume hospitals. First, we restricted our analysis to
only high-volume surgeons (�20 lung resections/y, the high-
est 25th percentile of surgeon volume). Only a small percent-
age of general and cardiothoracic surgeons were high-volume
surgeons (2.7% and 4.3%, respectively), while over 13% of
noncardiac thoracic surgeons were high-volume surgeons.
Within the group of high-volume surgeons, adjusted opera-
tive mortality rates were lowest for noncardiac thoracic
(5.1%) and cardiothoracic surgeons (5.2%), and slightly
higher for general surgeons (6.1%) (P � 0.01 for difference
between general surgeons and thoracic surgeons).

Second, we limited our analysis to high-volume hospi-
tals (�45 lung resections/y, the highest 25th percentile of
hospital volume). Within high-volume hospitals, a trend sim-
ilar to the subgroup analysis of surgeon volume was noted.
Adjusted operative mortality rates were lowest for noncardiac
thoracic surgeons (5.0%) and cardiothoracic surgeons (5.3%),
and slightly higher for general surgeons (6.1%) (P � 0.01 for
differences between all 3 groups).

Last, we examined if the extent of resection affected the
effect of surgeon specialty. While baseline risks were more
than twice as high in pneumonectomy, adjusted operative
mortality continued to be highest among general surgeons
and lowest among thoracic surgeons (Fig. 3), irrespective of
the extend of resection.

DISCUSSION
Our study of lung resection compared operative mor-

tality in lung resection across surgical subspecialties. While
we found that overall, board-certified thoracic surgeons have

TABLE 1. Patient Characteristics, by Surgeon Subspecialty

General
Surgeons

Cardiothoracic
Surgeons

Noncardiac
Thoracic Surgeons Total

Number of patients 9263 9792 6490 25,545
Age (% � 75) 69.1 69.9 70.4 69.9
Female (%) 42.5 42.3 44.8 43.2
African American (%) 4.7 4.2 6.0 4.9
Charlson comorbidity score (% � 3) 44.5 46.2 48.4 46.2
Pneumonectomy (%) 9.6 11.5 11.5 11.0
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lower rates of operative mortality in lung resection than
general surgeons. However, when we restricted our analysis
to high-volume surgeons or high-volume hospitals, the dif-
ferences in operative mortality between general and thoracic
surgeons were less pronounced. Therefore, while operative
volume explains some of the difference between general and
thoracic surgeons, other patient, surgeon, and hospital factors
are likely to influence a patient’s operative risk with lung
resection.

Our study has several limitations. First, our study is
based on administrative data from Medicare. As the limits of
administrative data for risk adjustment have been well doc-

umented,16,17 we may not have adequately accounted for
differences in case mix across surgical specialties. However,
it is important to note that observed differences in patient
characteristics were quite small, and what small trends there
were tended to suggest increased operative risk in the patients
of thoracic surgeons. Second, our study may not have clas-
sified every surgeon’s specialty correctly in every case. De-
spite using a registry of thoracic surgeons taken directly from
the ABTS, some thoracic surgeons, because of the time
required for licensure, may have been incorrectly identified as
general surgeons. However, misclassifications such as this
would tend to bias our results toward the null. Additionally,

TABLE 2. Surgeon Characteristics, by Surgeon Subspecialty*

General
Surgeons

Cardiothoracic
Surgeons

Noncardiac
Thoracic
Surgeons

Number of surgeons 2,614 1,516 663
Surgeon age (mean, y) 51.8 51.8 57.9
Years since graduated from medical school (mean, y) 21.6 21.9 30.5
Average surgeon case volume in lung resection (cases/y) 3.1 6.5 10.2
Surgeon performed � 20 lung resections per year (No., %) 71 (2.7) 65 (4.3) 87 (13.1)
Characteristics of the surgeon’s primary hospital

Teaching status (% with residents) 31.0 56.7 58.1
Medical school affiliation (%) 22.4 64.7 57.6
ACS-approved cancer program (%) 53.4 80.7 73.8
High-volume hospital (� 45 lung resections/y) (%) 8.4 16.7 13.4

*Hospital characteristics refer to the hospital at which the surgeon performed the most procedures. When a surgeon operated at several different hospitals,
the hospital where the most procedures were performed was deemed the primary hospital.

FIGURE 2. Adjusted operative mortality with
lung resection, by surgeon specialty, stratified
by surgeon and hospital volume, at the patient
level.

Goodney et al Annals of Surgery • Volume 241, Number 1, January 2005

© 2004 Lippincott Williams & Wilkins182



we did not account for lung cancer stage in our analysis.
However, while long-term survival is clearly stage dependent,18

there is little evidence that operative mortality varies signifi-
cantly by stage. And last, while preoperative chronic obstructive
pulmonary disease is captured as a comorbidity in our dataset,
data from patient-level pulmonary function tests to quantify the
overall severity of the patient’s chronic lung disease are not
available in our dataset. Future work in this area should aim to
incorporate data using patient-level pulmonary function testing,
using clinical databases such as the Society of Thoracic Sur-
geons General Thoracic Surgery Database.19

Despite these limitations, our study has important
strengths. First, our study uses a large, national cohort of
patients to obtain what may be the most precise estimates
published to date of operative mortality rates of lung resec-
tion across different surgical subspecialties. Second, our
study explores what may be different about thoracic sur-

geons, in terms of practice patterns and case volume. To our
review, there is only 1 previously published study comparing
the outcomes of general and thoracic surgeons. This study
examined lung resection in South Carolina between 1991 and
1995,7 reporting slightly lower mortality rates for thoracic
surgeons. However, this study was limited to 1 state, was
relatively small in sample size (1583 cases), and used data
that are nearly a decade old. Additionally, this study did not
differentiate between those surgeons who focus specifically
on noncardiac thoracic surgery and cardiothoracic surgeons,
who perform both heart and lung surgery.

Our study demonstrated significant differences in per-
formance in lung resection across surgical subspecialties.
However, these differences may not be singularly attributable
to the additional training undertaken by ABTS-certified tho-
racic surgeons. There were also structural differences be-
tween thoracic and general surgeons in practice settings.

TABLE 3. Odds Ratios of Mortality and 95% Confidence Intervals, by Surgeon Subspecialty*

General
Surgeons

Cardiothoracic
Surgeons

Noncardiac
Thoracic
Surgeons

Crude 1.00 0.73 (0.65–0.83) 0.79 (0.69–0.91)
Adjusted for patient characteristics 1.00 0.72 (0.63–0.81) 0.77 (0.67–0.89)
Adjusted for patient and hospital characteristics 1.00 0.72 (0.64–0.82) 0.78 (0.68–0.89)
Adjusted for patient and hospital characteristics and hospital volume 1.00 0.75 (0.66–0.85) 0.80 (0.69–0.92)
Adjusted for patient and hospital characteristics and hospital volume and

surgeon volume
1.00 0.72 (0.64–0.82) 0.77 (0.68–0.89)

*The general surgery group is the referent group.

FIGURE 3. Adjusted operative mortality with
lung resection, by procedure type (pneumo-
nectomy or lobectomy). NCTS, noncardiac
thoracic surgeons.

Annals of Surgery • Volume 241, Number 1, January 2005 Surgeon Specialty and Operative Mortality With Lung Resection

© 2004 Lippincott Williams & Wilkins 183



First, thoracic surgeons, both cardiothoracic and noncardiac
thoracic, were more likely to practice in larger hospitals than
general surgeons. Second, hospitals where thoracic surgeons
practice were also more likely to have medical school affil-
iations and American College of Surgeons–approved oncol-
ogy programs. Third, thoracic surgeons, especially noncar-
diac thoracic surgeons, on average had larger case volumes
than general surgeons. While our results have adjusted for
several of these factors, there are likely several other unmea-
sured structural differences between the practices of general
and thoracic surgeons that translate into improved outcomes.

Similarly, given that structural aspects of care differed
between thoracic and general surgeons, one may suspect that
processes of care may differ by surgeon specialty as well.
Several examples of possible processes of care that may
differ across specialty are easily imaginable. First, improve-
ments in preoperative patient selection, such as the use of
modalities such as PET scans,20 might help high-performing
surgeons identify patients who are unlikely to benefit from
resection. Second, the use of epidural catheters to aid in
intraoperative and postoperative pain management might help
lower risks of postoperative pulmonary complications.21

Third, certain surgeons and hospital systems may be more
likely to provide postoperative care for their patients in ICU
staffed by full-time intensivist, a process of care shown to
decrease mortality and length of stay.22 However, measuring
differences in the implementation and results of these process
remains difficult, as many of these potentially important
processes are not evaluated, even within organized quality
improvement initiatives such as the Society of Thoracic
Surgery General Thoracic Surgery Database.19

In conclusion, our study demonstrated that operative
mortality with lung resection varies by surgeon specialty.
Thoracic surgeons, on average, had the lowest operative
mortality rates. However, the relationship of operative mor-
tality and surgeon specialty was sensitive to surgeon and
hospital characteristics, most notably volume. High-volume
surgeons, regardless of specialty, had excellent outcomes.
Future quality-improvement efforts in thoracic surgery
should study what it is that high-volume providers do differ-
ently to achieve better outcomes in lung resection. Then, by
identifying and disseminating structural variables and pro-
cesses of care associated with better outcomes, there is
potential to improve patient care at all hospitals performing
thoracic surgery.
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