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Operative Mortality and Procedure Volume as Predictors of
Subsequent Hospital Performance

John D. Birkmeyer, MD,* Justin B. Dimick, MD, MPH,*† and Douglas O. Staiger, PhD‡

Context: Despite growing interest in evidence-based hospital refer-
ral for selected surgical procedures, there remains considerable
debate about which measures should be used to identify high-quality
providers.
Objectives: To assess the usefulness of historical mortality rates and
procedure volume as predictors of subsequent hospital performance
with different procedures.
Design, Setting, and Participants: Using data from the national
Medicare population, we identified all U.S. hospitals performing one
of 4 high-risk procedures between 1994 and 1997. Hospitals were
ranked and grouped into quintiles according to 1) operative mortal-
ity (adjusted for patient characteristics) and 2) procedure volume.
Main Outcome Measures: Risk-adjusted operative mortality in
1998 to 1999.
Results: Although historical mortality and volume both predicted
subsequent hospital performance, the predictive value of each varied
by procedure. For coronary artery bypass graft surgery, mortality
rates in 1998 to 1999 differed by 3.3% across quintiles of historical
mortality (3.6% to 6.9%, best to worst quintile, respectively), but
only by 1.0% across volume quintiles (4.8% to 5.8%). In contrast,
for esophagectomy, mortality rates in 1998 to 1999 differed by
12.5% across volume quintiles (7.5% to 20.0%, best to worst
quintile, respectively), but only by 1.5% across quintiles of historical
mortality (11.4% to 12.9%). Historical mortality and procedure
volume had comparable value as predictors of subsequent perfor-
mance for pancreatic resection and elective abdominal aortic aneu-
rysm repair. Our findings were similar when we repeated the
analysis using data from later years.
Conclusions: Historical measures of operative mortality or proce-
dure volume identify hospitals likely to have better outcomes in the

future. The optimal measure for selecting high-quality providers
depends on the procedure.

(Ann Surg 2006;243: 411–417)

In light of wide variation in surgical performance with many
procedures, efforts are currently underway to direct patients

toward the highest-quality hospitals. The Leapfrog Group, a
large coalition of healthcare purchasers, has implemented
standards for “evidence-based hospital referral” for 5 high-
risk procedures.1 Other efforts are aimed at disseminating
provider-specific information about surgical performance
with the hopes that patients will select higher-quality hospi-
tals. In addition to information provided by proprietary
sources (eg, Healthgrades.com), a growing number of states
are reporting hospital-specific measures of surgical quality.
For example, the Texas Health Care Information Council
recently began public reporting of both procedure volume and
mortality rates for several surgical procedures.2

Despite this growing interest in assessing surgical qual-
ity, there remains controversy about how best to identify
high-quality hospitals for individual procedures. Hospital
procedure volume is currently among the most widely used
quality indicators. There remains little doubt that volume is
inversely related to operative mortality with many proce-
dures.3–5 Nonetheless, critics decry volume as a crude surro-
gate for quality and a poor predictor of individual hospital
performance.6–8 Instead, many think that surgical quality is
best judged by direct outcome measures, including operative
mortality. For many procedures, however, hospital mortality
rates may be hampered by sample size problems and thus may
be too imprecise to meaningfully reflect quality of care.6,9

Studies assessing the value of different quality indica-
tors have generally focused on their relative abilities to
describe hospital performance in a previous time period.10,11

However, since most scorecards are intended primarily to
improve current decision making by patients or purchasers,
surgical quality indicators are perhaps better judged by how
well historical measures predict future hospital perfor-
mance.12,13 In this context, we used data from the national
Medicare population to compare the relative usefulness of 2
measures (hospital volume and operative mortality) as pre-
dictors of subsequent surgical mortality. In essence, this
analysis considers a hypothetical Medicare patient deciding
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where to have 1 of 4 high-risk procedures in 1998 or 1999,
based on hospital “scorecards” created using historical
(1994–1997) data. Should the patient choose a high-volume
hospital, or one with low operative mortality?

METHODS

Subjects and Databases
We used 100% national analytic files from the Center

for Medicare and Medicaid Services for years 1994 through
2001. MEDPAR files, which contain hospital discharge ab-
stracts for all fee-for-service acute care hospitalizations of all
U.S. Medicare recipients, were used to create our main
analysis datasets; the denominator file was used to assess
patient vital status at 30 days postsurgery.

Using appropriate procedure codes from the International
Classification of Diseases, version 9 (ICD-9 codes), we identi-
fied all patients 65 to 99 years of age undergoing 1 of 4 surgical
procedures selected by the Leapfrog Group for its evidence-
based hospital referral initiative: coronary artery bypass grafting
(CABG), elective abdominal aortic aneurysm (AAA) repair,
pancreatic resection, and esophagectomy.14,15 We made several
restrictions to align our analyses with the surgical populations
targeted by the Leapfrog Group and to avoid skewing our results
by a small number of higher-risk patients. Thus, patients under-
going valve replacement were excluded from the CABG cohort
(12%). The AAA repair cohort excluded patients with ruptured
or thoracoabdominal aneurysms (33%). Finally, patients with
noncancer diagnoses were excluded from the pancreatic and
esophageal resection cohorts (15%).

Hospital Volume and Prior Mortality
We calculated average procedure volumes and risk-

adjusted operative mortality rates for each U.S. hospital
performing at least 1 of the 4 procedures between 1994 and
1997. For each procedure, we determined the total number
performed by each hospital in Medicare patients over the
4-year period. Medicare volumes were converted to estimates
of total (all-payer) volume at each hospital using procedure-
specific multipliers derived from the 1997 Nationwide Inpa-
tient Sample, as described previously.5 We then ranked hos-
pitals by their average volumes and applied hospital volume
cut-points that most closely sorted the patient sample into 5
evenly sized groups (quintiles). Volume thresholds used for
each procedure are shown in Table 1.

For each procedure, we also determined risk-adjusted
operative mortality rates for each hospital. Operative mortal-
ity was defined by death occurring before hospital discharge
or within 30 days of surgery. Risk adjustment was performed
using methods previously described.5 Variables in our risk
adjustment models included age group (5-year intervals), sex,
race (black, nonblack), admission acuity (elective, urgent/
emergent), and mean Social Security income (zip code level).
Comorbidities were identified by their appropriate ICD-9
codes and aggregated into Charlson scores with published
weights.16,17 To develop and evaluate our risk-adjustment
models, we determined the discrimination and calibration of
the logistic regression model for each operation. Measures of
discrimination showed moderate predictive ability (C-statis-

tics ranged from 0.68 to 0.70 across operations). Hosmer-
Lemeshow tests did not reject the models (P � 0.1 for all
operations, indicating good calibration).

Hospitals were then ranked and placed into quintiles of
historical mortality. Because mortality rates at individual
hospitals are often “noisy” when small numbers of cases are
performed, we based our rankings on t-statistics. The t-
statistic is the difference between a hospital’s observed and
expected mortality rate, divided by the standard error of the
expected mortality rate. In this way, this measure accounts for
both the hospital’s relative performance and its sample size.
Thus, our mortality rankings were based on the statistical
likelihood that a hospital’s mortality rate was worse (or
better) than expected (Table 1), the approach taken by most
public reporting systems for surgical mortality. The net effect
of this approach was to dampen extreme mortality rates
observed at hospitals with very low caseloads, moving them
toward the middle of hospital rankings.

We used the risk-adjustment models from these analy-
ses to calculate the expected mortality rates in each of the
volume and historical mortality quintiles. Based on each
patient’s set of baseline characteristics, the logistic regression
equation provides an estimate of the predicted probability of
death. To calculate the expected rates for each quintile, we
summed the predicted probabilities of death for all patients
undergoing surgery at hospitals in that quintile.

Prediction of Subsequent Performance
Subsequent mortality was determined using 1998–1999

Medicare data. To assess how well each measure (historical
volume and mortality) predicted subsequent mortality, we cre-
ated a separate random-effects logistic regression model for each
operation. We used random-effects models because they ac-
count for nonindependence of observations within hospitals
(ie, clustering). The patient was used as the unit of analysis;
operative mortality was the dependent variable. Quintiles of
historical volume (or mortality) were entered as independent
variables, along with patient characteristics used for risk
adjustment. To describe the predictive ability of each mea-
sure, we calculated risk-adjusted mortality rates for each of
the volume and historical mortality quintiles. We also calcu-
lated the odds ratios of mortality at hospitals in the “worst”
quintile, relative to those in the “best” quintile for each
procedure. In these analyses, we tested the statistical signif-
icance of the trends across quintiles by entering the categor-
ical quintile variable (rather than dummy variables) into the
regression model.

Using a second set of random-effects logistic regression
models, we also estimated the proportion of variation in
subsequent mortality explained by each of the 2 historical
measures.12 In such models, the random effect reflects unex-
plained hospital-level variation in (1998–1999) mortality
rates. For each procedure, the proportion of variation ex-
plained by each measure was assessed by the percent reduc-
tion in the standard deviation of the random effect as either
historical mortality or volume (assessed as continuous vari-
ables) was added to the model. For esophagectomy, there
were too few cases per hospital to generate stable estimates.
Thus, these analyses were restricted to the 3 other procedures.
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Sensitivity Analysis
In sensitivity analysis, we used data from different time

periods to assess both historical performance and subsequent
mortality. First, to test the robustness of our findings, we
repeated the same analysis but moved it forward by 2 years.
Thus, historical mortality and volume were assessed using
1996–1999 data, subsequent mortality from 2000–2001 data.
Second, we sought to determine how well the predictive
value of historical measures held up over time, particularly
relevant given real world lags in the availability of data for
assessing past performance. In this analysis, we used 1994–
1997 data to determine historical mortality and volume but
2000–2001 data to assess subsequent mortality.

RESULTS

Historical Mortality and Procedure Volume
Between 1994 and 1997, approximately 719,000 Medi-

care patients underwent 1 of 4 procedures, the large majority

undergoing CABG. As shown in Table 1, average mortality
rates varied widely across hospital quintiles based on both
mortality and procedure volume. Differences in risk-adjusted
mortality between “best” and “worst” were larger for mor-
tality quintiles than for volume quintiles for all 4 procedures.
These differences were particularly large for the 2 high-risk
but uncommon procedures. For example, with esophagec-
tomy, hospitals in the best mortality quintile had an average,
risk-adjusted mortality rate of 2.1%, versus 53.1% for hospi-
tals in the worst quintile. In contrast to actual mortality rates,
expected mortality rates varied little across either mortality or
volume quintiles, indicating few measurable differences in
patient case mix among the hospital groups.

Prediction of Subsequent Mortality
We then determined the extent to which mortality rates

and procedure volumes from 1994–1997 predicted mortality
during the subsequent 2-year period (1998–1999) (Table 2;
Fig. 1). Historical mortality predicted subsequent mortality

TABLE 1. Actual (Risk-Adjusted) and Expected Mortality Rates for Volume and Mortality Quintiles in Medicare Patients
Undergoing Four Procedures, 1994–1997

Quintile of Historical Mortality or Volume (1994–1997)

1 (Worst) 2 3 4 5 (Best)

Coronary artery bypass grafting (Medicare, n � 612,373)

Hospitals ranked by risk-adjusted mortality

Actual mortality (%) 8.2 6.2 5.3 4.3 3.4

Expected mortality (%) 5.3 5.4 5.4 5.4 5.6

Hospitals ranked by procedure volume

Average annual volumes �217 217–342 343–512 513–767 �767

Actual mortality (%) 6.0 5.7 5.3 5.1 5.0

Expected mortality (%) 5.5 5.4 5.4 5.5 5.5

Elective abdominal aortic aneurysm repair (Medicare, n � 95,295)

Hospitals ranked by risk-adjusted mortality

Actual mortality (%) 12.3 7.2 4.4 2.7 2.1

Expected mortality (%) 5.8 5.7 5.7 5.7 5.9

Hospitals ranked by procedure volume

Average annual volumes �11.8 11.8–21.5 21.6–35.0 35.1–57.3 �57.3

Actual mortality (%) 7.8 5.9 5.3 5.3 4.3

Expected mortality (%) 6.0 5.7 5.7 5.7 5.6

Esophageal cancer resection (Medicare, n � 4349)

Hospitals ranked by risk-adjusted mortality

Actual mortality (%) 53.1 18.6 2.9 1.9 2.1

Expected mortality (%) 16.6 16.2 14.5 16.1 15.7

Hospitals ranked by procedure volume

Average annual volumes �1.3 1.3–2.0 2.1–3.0 3.1–7.3 �7.3

Actual mortality (%) 21.8 17.1 16.9 13.3 8.1

Expected mortality (%) 16.8 16.3 15.9 15.3 14.2

Pancreatic cancer resection (Medicare, n � 6896)

Hospitals ranked by risk-adjusted mortality

Actual mortality (%) 40.1 12.0 1.7 1.4 1.8

Expected mortality (%) 11.9 11.1 11.8 11.8 10.6

Hospitals ranked by procedure volume

Average annual volumes �1.8 1.8–2.5 2.6–5.0 5.1–13.5 �13.5

Actual mortality (%) 17.3 15.5 11.0 8.0 4.4

Expected mortality (%) 12.3 11.5 11.6 11.3 10.1

Each quintile contains approximately 20% of patients undergoing that procedure.
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FIGURE 1. A–D, Hospital mortality rates in 1998–1999, according to quintiles of historical mortality and procedure volume
(1994–1997). Both historical and subsequent mortality rates are adjusted for patient characteristics.

TABLE 2. Prediction of Subsequent Hospital Mortality Rates (1998–1999) by Historical Mortality and Procedure Volumes
(1994–1997), Expressed in Odds Ratios of Mortality

Predictors of Subsequent Mortality (1998–1999)

Historical Mortality (1994–1997) Procedure Volume (1994–1997)

Odds of Subsequent
Mortality, Worst vs. Best

Quintile (95% CI)
Proportion of Variation

Explained (%)

Odds of Subsequent
Mortality, Worst vs. Best

Quintile (95% CI)
Proportion of Variation

Explained (%)

Coronary artery bypass grafting 2.00 (1.88–2.10) 54 1.24 (1.18–1.31) 9

Abdominal aortic aneurysm repair 1.84 (1.61–2.10) 35 1.51 (1.32–1.71) 26

Pancreatic cancer resection 5.10 (3.13–8.32) 41 5.84 (3.59–9.48) 50

Esophageal cancer resection 1.18 (0.75–1.89) * 3.09 (1.90–5.02) *

*The number of cases within individual hospitals was too small for esophageal resection to allow a stable estimate of the proportion of variation explained.
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for coronary artery bypass, elective AAA repair, and pancre-
atic resection (P � 0.001 for each procedure), but not
esophagectomy. Procedure volume predicted subsequent
mortality for all 4 procedures (P � 0.001 for each procedure).

The relative ability of the 2 measures to predict subse-
quent outcomes varied according to procedure. For coronary
artery bypass surgery, historical mortality was a stronger
predictor of subsequent mortality than procedure volume.
Subsequent mortality rates differed by 3.3% across quintiles
of historical mortality (3.6%–6.9%, best to worst quintile,
respectively), but only by 1.0% across volume quintiles
(4.8%–5.8%). (Fig. 1) In contrast, procedure volume pre-
dicted subsequent mortality considerably better than histori-
cal mortality for esophagectomy. Subsequent mortality rates
differed by 12.5% by volume quintile (7.5%–20.0%, best to
worst quintile, respectively), but only by 1.5% across quin-
tiles of historical mortality (11.4%–12.9%). In terms of ab-
solute differences in subsequent mortality rates, historical
mortality and procedure volume had comparable value as
predictors of performance with pancreatic resection and elec-
tive abdominal aortic aneurysm repair.

Similarly, the 2 historical measures of performance
differed in their ability to explain hospital-level variation in
subsequent mortality (Table 2). For CABG, historical mor-
tality explained 54% of the variation in subsequent mortality,
while hospital volume explained only 9%. Historical mortality
and volume explained similar amounts of variation in subse-
quent mortality with elective AAA repair (35% versus 26%,
respectively) and pancreatic resection (41% versus 50%).

Sensitivity Analysis
To test the robustness of our findings, we first repeated

the same analysis after moving forward the time period of the
analysis by 2 years (1996–1999 historical measures versus
2000–2001 mortality). For all 4 procedures, this analysis
yielded very similar results to our baseline analysis using data
from 2 years earlier (Table 3). Second, to explore the impli-
cations of delays in data availability, we used 1994–1997
data for historical measures and 2000–2001 data for subse-
quent mortality (Table 3). Inserting this 2-year “time-lag” had
negligible effect on the predictive value of historical mortality
and procedure volume for CABG, elective AAA repair, and
pancreatic resection. For esophagectomy, adding a time lag
did not diminish the predictive ability of historical volume.
However, historical mortality remained a poor predictor of
subsequent performance.

DISCUSSION
Most studies assessing the value of different quality

indicators have focused on their relative abilities to describe
concurrent hospital performance. Thus, volume-outcome
studies have generally examined to what extent hospital
procedure volumes are associated with mortality during the
same time period.3–5 Studies assessing hospital performance
with operative mortality rates (with either clinical or admin-
istrative data) have tended to focus on the discriminative
ability of risk adjustment models (ie, C statistics) derived
from a single, retrospective dataset.10,11 While such studies
may be a good place to start, patients and purchasers are

primarily interested in knowing which providers are likely to
have the best outcomes now, not several years ago. In this
“scorecard” context, quality indicators are perhaps best
judged by how well historical measures predict subsequent
hospital performance.

Few studies have assessed the prognostic value of
historical performance measures in surgery. In our study,
historical mortality rates strongly predicted subsequent mor-
tality for CABG, elective AAA repair, and pancreatic resec-
tion, even after accounting for potential lags in data avail-
ability. Our findings echo results from a recent study of
mortality in neonatal intensive care units.12 Similarly, in an
earlier study of coronary artery bypass in California, Luft and
Romano noted that hospitals identified as high outliers tended
to have significantly higher than expected mortality rates 2
years later.18 To our knowledge, ours is the first study to
describe the extent to which historical procedure volume
predicts subsequent mortality. For all 4 procedures, prior
procedure volumes were as strongly related to subsequent
mortality rates as they were to concurrent mortality. Thus,
although the importance of procedure volume varies widely
by procedure, the prognostic value of hospital volume is
remarkably stable over time.

In terms of prognosis, the optimal quality indicator
depends on the procedure. With CABG, historical mortality
was much better than volume in predicting subsequent mor-
tality. This should not be surprising. Caseloads at individual
hospitals are relatively high with this procedure, allowing for
relatively precise estimates of provider-specific mortality.
Moreover, hospital procedure volume tends to be weakly
associated with mortality with this procedure compared with
other higher-risk procedures.3–5 In contrast, with esophagec-
tomy, procedure volume predicts subsequent hospital perfor-
mance much more consistently than historical mortality. This
high-risk operation has a well-known and particularly strong
volume-outcome association. Moreover, because it is per-
formed very infrequently at most hospitals, historical mortal-
ity rates tend to be very imprecise and vary considerably from
year to year. This no doubt explains the inconsistent relation-
ships between historical mortality and subsequent mortality
observed in this study.

Of course, neither historical mortality nor procedure
volume was a perfect predictor of future performance at
individual hospitals. The 2 measures explained no more than
half of hospital-level variation in subsequent mortality with
any procedure. Nonetheless, our results suggest that for many
procedures patients would reduce their operative mortality
risks on average by selecting a hospital in the “best” category
for either historical mortality or volume.

It is important to acknowledge several limitations. First,
we focused on only 4 procedures: those targeted by Leapfrog
Group for evidence-based hospital referral. Thus, our results
do not provide guidance on optimal quality indicators for
other procedures. Second, our study focused on Medicare
patients, who account for just over half of all U.S. patients
undergoing the 4 procedures and a larger proportion of
patients dying after surgery. Our reliance on Medicare data is
a limitation in 2 respects. First, in using Medicare volumes to
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estimate total hospital volumes, we may have misclassified
the true volume status of some hospitals, which would tend to
bias our analysis toward underestimating the prognostic value
of this measure. However, we suspect the magnitude of this
potential volume misclassification to be small. Our previous
analyses, based on data from the 1997 Nationwide Inpatient
Sample, have suggested very high correlations between
Medicare-only hospital procedure volumes and all-payer vol-
umes, with correlations between 0.90 and 0.98 for most
procedures. Second, and more importantly, our reliance on
Medicare data alone would tend to increase the imprecision
associated with historical mortality rates (due to smaller

sample sizes) and thus reduce their predictive value, partic-
ularly for infrequent procedures. To augment the precision of
our estimates, we used 4 years of data in determining histor-
ical mortality rates, a longer time interval than used in
conventional hospital report cards. Nonetheless, historical
mortality measures from all-payer databases (eg, from the
Healthcare Utilization Project) may be better for predicting
future surgical outcomes.

Finally, many would criticize our use of administrative
data with respect to risk adjustment. Administrative data are
no doubt flawed in their ability to capture patient illness
severity relative to clinical data.19 However, risk adjustment

TABLE 3. Sensitivity Analysis Showing Relationships Between Historical Mortality and
Procedure Volume and Subsequent Hospital Mortality Rates When Assessed Using Data
From Different Time Periods

Subsequent Mortality (%), by Quintile of Historical
Mortality or Volume

1 (Worst) 2 3 4 5 (Best)

Coronary artery graft bypass

Historical mortality

1994–1997 ranking vs. 1998–1999 mortality 6.9 5.9 5.2 4.8 3.6

1996–1999 ranking vs. 2000–2001 mortality 6.4 5.7 4.8 4.2 3.8

1994–1997 ranking vs. 2000–2001 mortality 6.3 5.4 4.9 4.5 3.8

Historical volume

1994–1997 ranking vs. 1998–1999 mortality 5.8 5.5 5.4 4.9 4.8

1996–1999 ranking vs. 2000–2001 mortality 5.4 5.3 4.8 4.7 4.6

1994–1997 ranking vs. 2000–2001 mortality 5.5 5.2 4.8 4.8 4.6

Elective abdominal aortic aneurysm repair

Historical mortality

1994–1997 ranking vs. 1998–1999 mortality 7.3 5.9 5.6 5.3 4.1

1996–1999 ranking vs. 2000–2001 mortality 7.3 6.3 5.9 5.6 4.8

1994–1997 ranking vs. 2000–2001 mortality 7.4 6.3 6.2 5.5 4.5

Historical volume

1994–1997 ranking vs. 1998–1999 mortality 6.7 6.1 5.6 5.1 4.6

1996–1999 ranking vs. 2000–2001 mortality 7.5 5.9 5.5 5.6 5.3

1994–1997 ranking vs. 2000–2001 mortality 7.3 6.0 5.6 5.5 5.3

Esophageal cancer resection

Historical mortality

1994–1997 ranking vs. 1998–1999 mortality 12.9 14.3 18.5 12.3 11.4

1996–1999 ranking vs. 2000–2001 mortality 16.7 12.9 15.1 13.0 9.4

1994–1997 ranking vs. 2000–2001 mortality 15.9 11.4 20.6 12.0 8.0

Historical volume

1994–1997 ranking vs. 1998–1999 mortality 20.0 16.6 13.1 12.3 7.5

1996–1999 ranking vs. 2000–2001 mortality 18.9 14.1 12.7 12.1 7.5

1994–1997 ranking vs. 2000–2001 mortality 18.9 14.6 12.4 11.5 8.1

Pancreatic cancer resection

Historical mortality

1994–1997 ranking vs. 1998–1999 mortality 14.1 12.2 12.7 7.8 3.2

1996–1999 ranking vs. 2000–2001 mortality 14.3 10.8 11.5 8.4 3.5

1994–1997 ranking vs. 2000–2001 mortality 15.3 12.1 11.7 7.3 3.5

Historical volume

1994–1997 ranking vs. 1998–1999 mortality 16.6 13.5 10.1 6.4 3.3

1996–1999 ranking vs. 2000–2001 mortality 14.1 13.6 11.3 5.4 3.5

1994–1997 ranking vs. 2000–2001 mortality 14.5 14.4 11.6 5.8 3.2

All trends were statistically significant (P � 0.01), with the exception of historical mortality for esophageal resection.

Birkmeyer et al Annals of Surgery • Volume 243, Number 3, March 2006

© 2006 Lippincott Williams & Wilkins416



is only important if illness severity varies across hospitals.
With the possible exception of coronary artery bypass,10,11

such variation in case mix among patients undergoing other
procedures has not been established. If case mix did vary but
not systematically (ie, some hospitals have sicker patients
than average in some years, healthier in others), inability to
fully capture illness severity with administrative data would
lead to underestimation of the true correlation between his-
torical and future mortality. However, if case mix varied
systematically across hospitals (ie, some hospitals consis-
tently treat sicker patients), using administrative data would
tend to overestimate the true correlation between past and
future performance. Although it is not clear whether our
results would have differed if we had access to detailed
clinical information for better risk adjustment, this question
may be moot from a practical perspective. With the exception
of cardiac surgery, clinical data for determining risk-adjusted
mortality rates with other procedures are currently not on the
horizon.

Whether ultimately based on clinical or administrative
data, efforts to improve the prediction of hospital perfor-
mance will need to go beyond individual measures. Compos-
ite measures that simultaneously account for multiple quality
indicators appear promising in initial applications.13 For sur-
gery, optimal measures would need to incorporate numerous
structural variables not considered in this analysis. Potential
candidates include hospital experience with other procedures,
intensive care unit staffing, nurse staffing levels, and surgeon
volume and specialty training.20–24 Optimal measures could
incorporate data on processes of care related to lower mor-
tality, eg, use of perioperative beta-blockade in high-risk
patients.25 Finally, optimal measures would account for not
only hospital mortality with the procedure of interest, but
mortality with other, related procedures.26

Until such tools are available, purchasers and policy
makers should be thoughtful in selecting quality indicators
appropriate for different procedures. Currently, a wide array
of surgical quality measures are being used to identify high-
quality providers, in efforts ranging from selective referral
initiatives by purchasers to public reporting systems aimed at
informing patients. However, the usefulness of many of these
measures has not been established. Quality indicators under
consideration for surgical scorecards should be assessed em-
pirically, with an emphasis on understanding how well they
predict future performance. Otherwise, many well-inten-
tioned efforts may fall short of their goals of improving
patient outcomes after surgery.
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