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Abstract
BACKGROUND—There were numerous efforts in the United States during the previous decade
to concentrate selected surgical procedures in high-volume hospitals. It remains unknown whether
referral patterns for high-risk surgery have changed as a result and how operative mortality has
been affected.

METHODS—We used national Medicare data to study patients undergoing one of eight different
cancer and cardiovascular operations from 1999 through 2008. For each procedure, we examined
trends in hospital volume and market concentration, defined as the proportion of Medicare patients
undergoing surgery in the top decile of hospitals by volume per year. We used regression-based
techniques to assess the effects of volume and market concentration on mortality over time,
adjusting for case mix.

RESULTS—Median hospital volumes of four cancer resections (lung, esophagus, pancreas, and
bladder) and of repair of abdominal aortic aneurysm (AAA) rose substantially. Depending on the
procedure, higher hospital volumes were attributable to an increasing number of cases nationwide,
an increasing market concentration, or both. Hospital volumes rose slightly for aortic-valve
replacement but fell for coronary-artery bypass grafting and carotid endarterectomy. Operative
mortality declined for all eight procedures, ranging from a relative decline of 8% for carotid
endarterectomy (1.3% mortality in 1999 and 1.2% in 2008) to 36% for AAA repair (4.4% in 1999
and 2.8% in 2008). Higher hospital volumes explained a large portion of the decline in mortality
for pancreatectomy (67% of the decline), cystectomy (37%), and esophagectomy (32%), but not
for the other procedures.

CONCLUSIONS—Operative mortality with high-risk surgery fell substantially during the
previous decade. Although increased market concentration and hospital volume have contributed
to declining mortality with some high-risk cancer operations, declines in mortality with other
procedures are largely attributable to other factors. (Funded by the National Institute on Aging.)

Fueled by a growing number of studies reporting inverse relationships between hospital
volume and surgical mortality,1–3 there was considerable interest in the United States during
the previous decade in concentrating selected operations in high-volume hospitals. The
Leapfrog Group, a consortium of large corporations and public agencies that purchase health
care, has been among the most prominent advocates of volume-based referral. In 2000, it
established minimum volume standards for several surgical procedures as part of a broader,
value-based purchasing initiative.4 Private payers and professional organizations in the
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United States have also established minimum volume standards as part of Centers of
Excellence accreditation programs for a variety of operations.5

Whether such efforts have altered referral patterns for high-risk surgery remains uncertain,
however. There are still many barriers to regionalization, including patient preferences for
local care,6 financial incentives for smaller hospitals to retain surgical cases,7,8 and lack of
access to high-volume centers in some regions.9 Despite increasing numbers of surgical
patients in high-volume hospitals, the net effects on operative mortality are difficult to
predict. Although hospital volume of a few high-risk cancer procedures (e.g.,
pancreatectomy) is a strong predictor of operative risk, relationships between volume and
outcome are considerably weaker for most operations.2,10

In this study, we used data from national Medicare claims to evaluate trends in the use of
high-volume hospitals for major cancer resections and cardiovascular surgery. We also
examined concurrent trends in operative mortality rates associated with these procedures and
the extent to which decreases in mortality could be associated with a concentration of
surgical care in high-volume hospitals.

METHODS
STUDY DESIGN

We based this study on national Medicare Provider Analysis and Review (MEDPAR) files,
which contain all hospital discharge abstracts for fee-for-service, acute care hospitalizations
for Medicare recipients. Using appropriate procedure codes from the International
Classification of Diseases, Ninth Revision (ICD-9),11 we identified all patients from 65 to 99
years of age who underwent one of the following eight cancer and cardiovascular operations
from 1999 through 2008: esophagectomy, pancreatectomy, lung resection, cystectomy,
repair of abdominal aortic aneurysm (AAA), coronary-artery bypass grafting (CABG),
carotid endarterectomy, and aortic-valve replacement (for a full list of ICD-9 codes, see the
Supplementary Appendix, available with the full text of this article at NEJM.org). Six of
these procedures have been targeted for volume-based referral by the Leapfrog Group.4,12

We also included lung resection and cystectomy, two procedures that have been cited as
potential candidates for regionalization.13–15

Each year, hospitals were ranked according to the volume of Medicare patients for each
procedure, adjusting for the proportion of Medicare patients covered by fee-for-service
plans. In assessing changes in hospital volumes over time, we sought to distinguish between
the effects of “volume creep” (which occurs when more patients who undergo these high-
risk procedures are distributed among the same hospitals) and market concentration (which
occurs when patients are redistributed to a smaller number of higher-volume hospitals). To
quantify market concentration, we determined the proportion of Medicare patients
undergoing one of the eight procedures in the top decile and top quintile of hospitals by
volume for each year.

Operative mortality, determined from the Medicare eligibility file, was defined as death
before discharge or within 30 days after the operation. In creating cohorts for analysis of
operative mortality, we used several limitations to enhance the homogeneity of our study
cohorts and reduce confounding due to changes in case mix over time. For cancer resections,
we excluded patients without an accompanying diagnosis code for cancer. Patients who
underwent AAA repair were excluded if there was a diagnosis code or procedure code
indicating rupture of the aneurysm, the presence of a thoracoabdominal aneurysm, or both.
For patients who underwent CABG, we excluded those who had simultaneous valve
replacement or repair.

Finks et al. Page 2

N Engl J Med. Author manuscript; available in PMC 2011 December 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



STATISTICAL ANALYSIS
We used chi-square tests to determine the significance of trends in the proportion of
Medicare patients undergoing surgery at high-volume hospitals and logistic-regression
models with robust standard errors, adjusted for clustering at the hospital level, to evaluate
temporal trends in risk-adjusted mortality. We determined risk-adjusted mortality using
logistic-regression models to adjust for patient characteristics, including age, sex, race,
admission acuity (elective, urgent, or emergency), coexisting conditions, and a composite
measure of socioeconomic status according to ZIP Code.16 Coexisting conditions were
identified from the surgical-admission data, as well as from data from any other admissions
during the previous 6 months, with the use of methods described by Elixhauser et al.17 With
the use of a stepwise logistic-regression model (P value at entry, <0.1), all significant
coexisting conditions were identified and included in procedure-specific risk-adjustment
models. For AAA repair, we adjusted for the type of repair (endovascular vs. open).

To understand the effects of hospital volume and market concentration on mortality over
time, we examined the differences in mortality between the period from 1999 through 2000
and the period from 2007 through 2008 using a regression-based decomposition approach
developed by Blinder18 and Oaxaca.19 The Blinder–Oaxaca method is a labor-economics
technique that was initially developed to examine the contribution of factors responsible for
wage disparities according to race and sex19 but has more recently been applied in research
related to health services.20 Because our analysis examines a dichotomous outcome
(mortality), we used a modification of this technique that was designed for use with
nonlinear models.21 The decomposition method allows for partitioning of the relative
contribution of component factors to outcomes.

We first used this technique to determine how much of the difference in mortality between
the period from 1999 through 2000 and the period from 2007 through 2008 could be
explained by changes in average hospital volumes for each procedure. In the analysis, death
was the dependent variable, with patient factors and volume of hospital procedures (number
of procedures per year for Medicare patients) modeled as independent variables. We then
assessed the proportion of the effect of hospital volume that could be attributed to volume
creep and market concentration. To determine the effect of volume creep, we compared risk-
adjusted mortality from 1999 through 2000 for each procedure with the mortality that would
have been predicted for 2007 through 2008, had each hospital increased its volume by the
same degree (i.e., by the ratio of the total number of Medicare patients from 2007 through
2008 to the total number of patients from 1999 through 2000 undergoing these high-risk
procedures). Calculating the predicted mortality on the basis of volume in turn required
assessing the strength of the relationship between volume and mortality for each procedure,
with the use of methods described previously.2 The proportion of the overall effect of
hospital volume that could not be attributed to volume creep was attributed to market
concentration.

All analyses were performed with the use of Stata statistical software, version 10.0. All tests
were two-sided, and P values of less than 0.05 were considered to indicate statistical
significance. The study protocol was approved by the institutional review board at the
University of Michigan. The requirement for informed consent was waived.

RESULTS
VOLUME TRENDS

From 1999 through 2008, more than 3.2 million Medicare patients underwent one of eight
cancer operations or cardiovascular procedures at hospitals in the United States. Median
hospital volumes increased substantially for the four cancer procedures and AAA repair, and
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to a lesser extent for aortic-valve replacement (Table 1, and the Supplementary Appendix).
In contrast, for CABG and carotid endarterectomy, hospital volumes declined sharply during
the 10-year period. The total number of Medicare patients undergoing CABG decreased by
more than one third, even though the number of hospitals performing this procedure
increased, from 1073 to 1195.

The reasons for increased hospital volumes varied according to procedure. For
esophagectomy, increases in hospital volume were entirely attributable to market
concentration, since the total number of cases remained relatively flat even though far fewer
hospitals were performing them. Conversely, increasing volumes for aortic-valve
replacement were explained exclusively by growth in the total number of procedures
performed. For the remaining four procedures, increasing hospital volume occurred as a
result of both volume creep and market concentration. For example, median hospital
volumes increased from 5 cases of pancreatectomy per year to 16, because the total number
of Medicare patients undergoing the procedure increased by 50% and the number of
hospitals performing the procedure decreased by approximately 25% (from 1308 to 978).

Risk-adjusted operative mortality rates declined significantly for all eight procedures during
the 10-year study period (P<0.001 for all procedures) (Fig. 1 and 2). From 1999 through
2000 and from 2007 through 2008, mortality for all cancer operations declined between 11%
(for esophagectomy) and 19% (for pancreatectomy). For cardiovascular procedures,
mortality fell between 8% (for carotid endarterectomy) and 36% (for AAA repair).
Declining mortality could not be attributable to changes in the case mix, since predicted
mortality rates remained relatively flat during the study period (Table 2, and the
Supplementary Appendix).

Higher hospital volumes explained a large portion of the decline in mortality associated with
pancreatectomy (67%), cystectomy (37%), and esophagectomy (32%) (Table 3). Market
concentration explained the majority of this effect for each of these three procedures. A
smaller proportion of declines in mortality could be attributed to increasing hospital volume
for lung resection (16%), AAA repair (11%), and aortic-valve replacement (9%). Hospital
volume had no role in declining mortality associated with CABG and carotid
endarterectomy.

DISCUSSION
This analysis of national Medicare data shows that average hospital volumes in the United
States have increased for several high-risk operations, particularly complex cancer
resections. In most cases, rising hospital volumes were driven not only by an overall
increase in the number of procedures performed nationally but also by a higher
concentration of procedures in a smaller number of hospitals. In addition to patients’ being
referred from lower- to higher-volume centers, hundreds of U.S. hospitals stopped
performing major cancer resections and AAA repair. For esophagectomy, the increase in
average hospital volumes was explained entirely by market concentration. For CABG and
carotid endarterectomy, hospital volumes decreased dramatically, largely as a result of fewer
patients nationwide undergoing treatment.

Previous studies have described increasing regionalization of high-risk cancer
resections.15,22,23 In California, the proportion of patients undergoing esophagectomy,
pancreatectomy, and hepatectomy at high-volume hospitals increased by 17%, 31%, and
23%, respectively, from 1990 through 2004.22 Hollenbeck et al. noted increasing
concentration of radical cystectomies in high-volume teaching hospitals from 1988 through
2000.15 These studies suggest that trends toward consolidating high-risk cancer resections at

Finks et al. Page 4

N Engl J Med. Author manuscript; available in PMC 2011 December 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



high-volume hospitals were under way well before the period of this analysis and, more
specifically, before the efforts of the Leapfrog Group, which started in 2000.

It is not surprising that some procedures have become more concentrated in high-volume
centers than have others. In our analysis, trends toward an increasing concentration of
procedures in high-volume hospitals were most pronounced for pancreatectomy,
esophagectomy, and cystectomy, which are procedures with particularly strong direct
relationships between volume and outcome. These procedures are also relatively
uncommon, thus the financial penalty is minimized for smaller hospitals that refer patients
to higher-volume centers. At the same time, the number of hospitals performing CABG
procedures increased, although the overall volume of the procedure declined. This
proliferation of hospitals may be related to both the financial incentives for hospitals to be
involved in cardiac surgery and their need to provide backup for interventional cardiologists.

From 1999 through 2008, risk-adjusted operative mortality fell between 8% and 36% for the
eight procedures that we examined, which is consistent with several previous studies
reporting trends toward declining mortality in association with high-risk surgery. For
example, mortality for CABG and carotid endarterectomy fell steadily during the
1990s.24–27 Operative mortality associated with elective AAA repair has fallen, largely
because of the increasing use of endovascular surgery.23,28 Finally, other studies also have
documented declines in operative mortality in association with major cancer operations
during the previous decade.22,29

In this study, the contribution of increasing hospital volume to declining mortality varied
considerably according to procedure. Not surprisingly, the greatest increases in hospital
volume during the study period were attributed to pancreatectomy, esophagectomy, and
cystectomy procedures, which are associated with particularly strong direct relationships
between volume and outcome. Conversely, hospital volume played little role for
cardiovascular procedures, for which direct associations between hospital volume and
outcome are considerably weaker.

For most procedures examined in this study, factors other than hospital volume were
responsible for trends toward declining mortality. Some of these factors may be specific to
the procedure. For example, the increasing use of the endovascular approach to AAA repair
accounted for 60% of the associated observed decline in mortality. The national outcomes
registries and improvement initiatives of the Society of Thoracic Surgeons, which has been
in place in the majority of hospitals in the United States for many years, may have
contributed to the observed reduction in operative mortality in association with CABG and
aortic-valve replacement.30 Other efforts, such as public reporting initiatives31 and regional
quality-improvement collaboratives,32 may also have played a role in declines in mortality.

The fact that mortality for all eight procedures declined during the 10-year study period
suggests that there are factors common to all these procedures that contributed to mortality
reduction. Technological advances and the use of checklists in the operating room and
improvements in perioperative care, particularly intensive care, have most likely enhanced
operative safety. In addition, in the wake of the Institute of Medicine study To Err Is
Human,33 published in 1999, hospitals may be striving to improve their safety cultures,
staffing, and other factors related to adverse outcomes after surgery. Finally, pay-for-
performance programs and other efforts by payers to improve hospital compliance with
evidence-based practices related to perioperative care may have contributed to
improvements in surgical outcomes.34 Since most such programs have been implemented
only recently, however, they cannot explain improvements in mortality starting more than
10 years ago.
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Our study has several limitations. First, because we used administrative data, we cannot rule
out the possibility that mortality is declining as a result of changes in case mix over time.
However, studies based on large clinical registries suggest a trend toward older, sicker
patients with many high-risk procedures.24,35 Second, because our analysis was based on
fee-for-service Medicare patients, our results may not be broadly generalizable. However,
patients over 65 years of age account for more than half of all patients undergoing the
operations we studied and an even larger proportion of perioperative deaths.11 It seems
unlikely that trends toward safer surgery would apply only to the elderly. Medicare fee-for-
service patients tend to be older and have more coexisting conditions than Medicare patients
enrolled in risk-bearing managed-care organizations (who account for approximately 14% of
Medicare recipients), but this difference does not confound our finding that operative
mortality has declined in the Medicare fee-for-service patients. An additional limitation
related to our use of Medicare data is that, for specific procedures, Medicare volume is only
a proxy of total hospital volume, and therefore, we may have misclassified the true volume
of the hospitals. Although we believe this bias to be small, random misclassification of
volume would tend to cause us to underestimate trends toward market concentration and its
effect on mortality. Finally, because most ongoing policy initiatives have focused on
hospital volume, we did not examine potential changes in surgeon volume over time. Thus,
it is possible that trends toward declining operative mortality are attributable in part to
increasing surgeon specialization within hospitals.

Although trends toward safer surgery are encouraging, tens of thousands of patients in the
United States still die every year undergoing inpatient surgery. Wide variations in outcomes
across hospitals suggest further opportunities for improvement. For a small number of
procedures associated with particularly strong direct volume–outcome relationships, such as
pancreatectomy and esophagectomy, referral to high-volume centers should continue to be
encouraged. For most high-risk procedures, however, strategies such as operating-room
checklists, outcomes-measurement and feedback programs, and collaborative quality-
improvement initiatives are likely to be more effective than volume-based referral. Payers,
policy-makers, and professional organizations should prioritize programs that have the
potential to reduce mortality in all contexts.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Risk-Adjusted Mortality Associated with Cancer Resections among Medicare Patients,
1999 through 2008
Risk-adjusted mortality was determined with the use of logistic-regression models to adjust
for patient characteristics, including age, sex, race, admission acuity, coexisting conditions,
and socioeconomic status.
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Figure 2. Risk-Adjusted Mortality Associated with Cardiovascular Operations among Medicare
Patients, 1999 through 2008
AAA denotes abdominal aortic aneurysm, and CABG coronary-artery bypass grafting. Risk-
adjusted mortality was determined with the use of logistic- regression models to adjust for
patient characteristics, including age, sex, race, admission acuity, coexisting conditions, and
socioeconomic status.
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Table 3

Role of Hospital Volume in Explaining Declining Mortality among Medicare Patients Who Underwent High-
Risk Procedures from 1999 through 2000 and from 2007 through 2008.

Procedure Proportion of the Difference in Mortality Explained by Increased Hospital Volume

More Patients Nationwide (“Volume
Creep”)

Redistribution of Patients to Higher-Volume
Hospitals (Market Concentration) Overall Effect

percent

Esophagectomy 0 32 32

Pancreatectomy 18 49 67

Lung resection 16 0 16

Cystectomy 17 20 37

AAA repair 7 4 11

CABG 0 0 0

Carotid endarterectomy 0 0 0

Aortic-valve replacement 6 3 9

*
AAA denotes abdominal aortic aneurysm, and CABG coronary-artery bypass grafting.
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