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PATIENTS AND POLICY MAKERS IN-
creasingly use rates of surgi-
cal mortality to assess hospi-
tal performance. New York and

Pennsylvania have long-standing sys-
tems for tracking and publicly report-
ing risk-adjusted mortality rates after
cardiac surgery1,2; California and New
Jersey have more recently adopted this
approach.3,4 The Leapfrog Group, a
large coalition of employers and pur-
chasers, has made surgical mortality
rates one of the criteria for “evidence-
based referral” for cardiac proce-
dures.5 As part of its broader efforts to
develop a core set of quality indica-
tors, the Agency for Healthcare Re-
search and Quality (AHRQ) has re-
cently endorsed the use of surgical
mortality rates for 7 surgical proce-
dures including repair of abdominal
aortic aneurysm, esophageal resec-
tion, and hip replacement.6

However, there are 2 reasons to ques-
tion whether rates of surgical mortality
can reliably detect quality problems.
First, the targeted operations are infre-
quently performed at individual hospi-
tals. Second, the mortality rates for many
of these procedures are often relatively
low. Small samples and low event rates
combine to limit the statistical power of
a comparison between an individual hos-
pital and a population-based bench-
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Context Surgical mortality rates are increasingly used to measure hospital quality. It
is not clear, however, how many hospitals have sufficient caseloads to reliably identify
quality problems.

Objective To determine whether the 7 operations for which mortality has been ad-
vocated as a quality indicator by the Agency for Healthcare Research and Quality (coro-
nary artery bypass graft [CABG] surgery, repair of abdominal aortic aneurysm, pan-
creatic resection, esophageal resection, pediatric heart surgery, craniotomy, hip
replacement) are performed frequently enough to reliably identify hospitals with in-
creased mortality rates.

Design and Setting The US national average mortality rates and hospital case-
loads of the 7 operations were determined using the 2000 Nationwide Inpatient Sample
(NIS), and sample size calculations were performed to determine the minimum case-
load necessary to reliably detect increased mortality rates in poorly performing hos-
pitals. A 3-year hospital caseload was used for the baseline analysis, and poor perfor-
mance was defined as a mortality rate double the national average.

Main Outcome Measure Proportion of hospitals in the United States that per-
formed more than the minimum caseload for each operation.

Results The national average mortality rates for the 7 procedures examined
ranged from 0.3% for hip replacement to 10.7% for craniotomy. Minimum hospital
caseloads necessary to detect a doubling of the mortality rate were 64 cases for cra-
niotomy, 77 for esophageal resection, 86 for pancreatic resection, 138 for pediatric
heart surgery, 195 for repair of abdominal aortic aneurysm, 219 for CABG surgery,
and 2668 for hip replacement. For only 1 operation did the majority of hospitals
exceed the minimum caseload, with 90% of hospitals performing CABG surgery
having a caseload of 219 or higher. For the remaining operations, only a small pro-
portion of hospitals met the minimum caseload: craniotomy (33%), pediatric heart
surgery (25%), repair of abdominal aortic aneurysm (8%), pancreatic resection
(2%), esophageal resection (1%), and hip replacement (�1%).

Conclusion Except for CABG surgery, the operations for which surgical mortality
has been advocated as a quality indicator are not performed frequently enough to judge
hospital quality.
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mark. The practical implication of
limited power is that patients and poli-
cymakers may not identify a hospital
with quality problems. Although the gen-
eral problem of failing to detect impor-
tant differences—type II error—is well
recognized in thecontext of clinical trials,
it is often overlooked in quality mea-
surement.7

This study was designed to explore
this problem for the 7 surgical proce-
dures suggested for mortality measure-
ment by the AHRQ. Using data from the
Nationwide Inpatient Sample (NIS), we
determined the national average mor-
tality rate for each procedure and the
number of cases performed in each hos-
pital. We then estimated the mini-
mum sample size needed to identify a
poorly performing hospital as signifi-
cantly different from the national av-
erage mortality rate. Finally, we deter-
mined the proportion of US hospitals
that exceed this minimum caseload—
ie, those hospitals for which mortality
would reliably reflect quality.

METHODS
Data Source

The data are from the 2000 NIS main-
tained by the AHRQ as part of the Health-
care Cost and Utilization Project.8 The
NIS is a database of all discharges from
a nationally representative sample of 994
hospitals (randomly selected within
strata for region,numberofhospitalbeds,
teaching status, urban vs rural location,
and hospital ownership) containing data
for approximately 20% of all acute care
hospitalizations in theUnitedStates.Hos-
pital weights were used to generate es-
timates of mortality rates and caseload
distributions that represent all hospi-
tals in the United States. Because the NIS
includes different hospitals each year, we
were not able to directly determine hos-

pital caseloads over several years. We
therefore assumed that hospital case-
loads are constant over time and esti-
mated 3- and 5-year caseloads using the
2000 NIS data.

Selection of Operations
We examined the 7 surgical proce-
dures for which mortality has been ad-
vocated as a performance measure by the
AHRQ Inpatient Quality Indicators6:
coronary artery bypass graft (CABG) sur-
gery, repair of abdominal aortic aneu-
rysm, pancreatic resection, esophageal
resection, pediatric heart surgery, cra-
niotomy, and hip replacement. For 6 of
the 7 operations, discharges were iden-
tified in the NIS database using the ap-
propriate combination of International
Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-
CM)9 procedure and diagnostic codes
suggested by the AHRQ. For crani-
otomy, the AHRQ selection criteria were
based on a diagnosis related group code
01, which includes less-extensive pro-
cedures (eg, sinus surgery, shunt place-
ment). We therefore restricted the analy-
sis to discharges with an ICD-9-CM
procedure code for craniotomy.

Analytic Approach
The analysis had 4 steps. First, we used
the NIS data to determine our bench-
mark, ie, the national average mortal-
ity rate for each procedure. Mortality
was defined as any death during the in-
dex hospital stay.

Second, we performed a sample size
calculation for each procedure to deter-
mine the minimum caseload necessary
to reliably detect increased mortality in
a poorly performing hospital. For the
baseline analysis, we defined poorly per-
forming hospitals as having a mortality
rate of twice our benchmark (ie, the

effect size for the sample size calcula-
tion was the difference between the na-
tional average mortality rate and twice
the national average mortality rate).

Sample size calculations were based
on 1-sample, 1-sided tests (�=.05) with
a power of 80%. Although unusual,
1-sample, 1-sided tests are appropri-
ate for the task: 1-sample tests be-
cause we are interested in detecting
whether an individual hospital is sig-
nificantly different than a population
benchmark, and 1-sided tests because
we are only interested in determining
whether the hospital mortality is higher
than the benchmark. The effect of both
assumptions is to reduce the mini-
mum caseload necessary for each pro-
cedure; thus, the assumptions are con-
servative given our question. Sample
size calculations were performed us-
ing STATA version 8.0 (STATA Corp,
College Station, Tex).

Third, we determined the propor-
tion of hospitals that met or exceeded
the minimum caseload in the NIS. The
numerator of each proportion was the
number of hospitals that met or ex-
ceeded the minimum caseload over a
3-year period. The denominator in-
cluded all hospitals performing at least
1 procedure.

Finally, because hospital perfor-
mance may be measured over differ-
ent time periods, we conducted sensi-
tivity analyses varying the period of
observation from a low of 1 year to a
high of 5 years. We also varied the defi-
nition of poor performance and re-
peated the analysis using a more subtle
increase of 1.5 times the national av-
erage mortality rate (our benchmark).

RESULTS
TABLE 1 shows the national average mor-
tality rates for the 7 procedures exam-

Table 1. Characteristics of the 7 Included Operations in the United States, 2000

Characteristic

Repair of
Abdominal

Aortic Aneurysm
CABG

Surgery Craniotomy
Esophageal
Resection

Hip
Replacement

Pancreatic
Resection

Pediatric
Heart Surgery

No. of hospitals performing operation 2485 1036 1600 1717 3445 1302 458

National average mortality rate, % 3.9 3.5 10.7 9.1 0.3 8.3 5.4

Annual hospital caseloads, median (IQR) 30 (17-55) 491 (274-852) 12 (4-30) 5 (2-10) 24 (9-58) 8 (4-24) 4 (1-50)
Abbreviation: CABG, coronary artery bypass graft; IQR, interquartile range.
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ined, which ranged from 0.3% for hip
replacement to 10.7% for craniotomy.
Table 1 also shows that annual case-
loads of individual hospitals varied
widely. The median caseloads ranged
from 4 cases per hospital for pediatric
heart surgery to 491 for CABG surgery.
The variability is also evident within op-
erations. For example, the caseloads for
repair of abdominal aortic aneurysm
ranged from 1 to 199 per hospital.

The minimum hospital caseload nec-
essary to detect a mortality rate of twice
the national benchmark was inversely
related to the operative mortality rate
of each procedure. The minimum case-
loads varied from 64 cases for crani-
otomy to 2668 cases for hip replace-
ment. The minimum caseloads for other
operations were as follows: esopha-
geal resection (77), pancreatic resec-
tion (86), pediatric heart surgery (138),
repair of abdominal aortic aneurysm
(195), and CABG surgery (219).

For only 1 operation did the major-
ity of hospitals exceed the minimum
caseload: 90% of hospitals performing
CABG surgery had a caseload of 219 or
higher. For the remaining operations,
only a small proportion of hospitals met
the minimum caseload: craniotomy
(33%), pediatric heart surgery (25%),
repair of abdominal aortic aneurysm
(8%), pancreatectomy (2%), esopha-
gectomy (1%), and hip replacement
(�1%). The FIGURE presents a de-
tailed view of the data, showing the dis-
tribution of actual hospital caseloads
relative to the minimum caseload
needed to detect a doubling of the op-
erative mortality rate.

The impact of changing the number
of years of data and altering the defi-
nition of poor performance is shown in
TABLE 2. Even after increasing the
samplesizebyusing5-yearhospitalcase-
loads, CABG surgery was still the only
operation with more than half of US
hospitals having more than the mini-
mum caseload. Changing the defini-
tion of poor performance to 1.5 times
the benchmark (ie, a 50% increase
above the national average mortality
rate) dramatically decreased the num-
ber of hospitals having more than the

minimum caseload. Under these con-
ditions, only 54% of US hospitals per-
forming CABG surgery met the mini-
mum caseload in a 3-year period.

COMMENT
Although the problem of small sample
size has received considerable attention
in the context of clinical trials, it has re-

Figure. Distribution of Actual Hospital Caseloads and the Minimum Caseload Needed to
Detect a Doubling of the Mortality Rate
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Table 2. Sensitivity Analysis: Proportion of US Hospitals Meeting or Exceeding the Minimum
Caseloads After Varying the Number of Years and the Definition of Poor Performance

Surgical Procedure

Poor Performance:
Mortality Rate
Increase Over
Benchmark

Minimum
Caseload

Hospitals Meeting or
Exceeding Minimum

Caseload, %

1 Year
of Data

3 Years
of Data

5 Years
of Data

CABG surgery Double 219 61 90 94

1.5 times 744 12 54 78

Craniotomy Double 64 10 33 48

1.5 times 230 �1 6 15

Pediatric heart surgery Double 138 9 25 31

1.5 times 497 1 7 17

Repair of abdominal aneurysm Double 195 �1 8 18

1.5 times 668 None None 1

Pancreatic resection Double 86 None 2 3

1.5 times 304 None None None

Esophageal resection Double 77 None 1 4

1.5 times 275 None None None

Hip replacement Double 2668 None �1 �1

1.5 times 9512 None None None
Abbreviation: CABG, coronary artery bypass graft.
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ceived less consideration in quality mea-
surement. The ability to detect a differ-
ence between the mortality rate at an
individual hospital and a benchmark rate
is dependent on both the baseline mor-
tality rate and the number of cases per-
formed. For mortality to be a useful mea-
sure of quality, the procedure must both
have a relatively high mortality rate and
be performed frequently. Our findings
suggest that CABG surgery fulfills these
criteria. For the other 6 operations in our
analysis, however, less than half of hos-
pitals in the United States perform
enough cases to detect a doubling of the
mortality rate. For these procedures,
other approaches to measuring quality
will be required.

The problem of continuing to use
rates of surgical mortality as an indica-
tor of hospital quality is perhaps most
pronounced for hospitals with truly poor
performance. These hospitals are falsely
reassured that their performance is “av-
erage” and therefore have less incen-
tive to improve. Payers are falsely reas-
sured that they are buying a good
product and miss an opportunity to steer
patients away from poorly performing
hospitals through selective contracting
or other mechanisms. Patients are falsely
reassured that they are choosing a safe
hospital.

Regarding the generalizability of our
findings, the sample used in our analy-
sis included only 20% of hospitals in
the United States. However, the hospi-
tals were chosen as a stratified ran-
dom sample that is specifically in-
tended to represent all US hospitals.8

Furthermore, our analysis was limited
to 7 surgical procedures, which were
selected because of their inclusion in
the AHRQ Inpatient Quality Indica-
tors.6 These operations represent a wide
rangeofmortalityratesandhospitalcase-
loads. Although other operations could
have been assessed, it is difficult to iden-
tify any that are both common enough
and sufficiently high-risk for mortal-
ity to be a useful quality measure.

Regarding the assumptions used in
our calculations, in our baseline analy-
sis we sought to detect a doubling of the
mortality rate. Few would argue that this

increase is not clinically significant. In
fact, both patients and physicians would
likely be interested in detecting more
subtle differences in performance. Based
on our sensitivity analysis, it is clear that
the usefulness of mortality rates mark-
edly declines when attempting to de-
tect a mortality rate of 1.5 times the
benchmark. Furthermore, we used
3-year hospital caseloads in our base-
line analysis. Increasing the period of ob-
servation to 5 years in our sensitivity
analysis had little effect on our find-
ings. Mortality rates based on longer pe-
riods of observation are less relevant to
current performance, since surgical staff
and practices may change over time.

We admittedly did not explicitly con-
sider risk adjustment in our analysis.
Indeed, over the past 2 decades, the
question of whether mortality rates are
useful measures of quality has focused
largely on issues of risk adjustment.
However, while we acknowledge that
adjusting for differences between hos-
pitals is of crucial importance, we be-
lieve that concerns of adequate sample
size must be addressed first. Without
sufficient sample size, even perfect risk
adjustment does not matter.

Given the limited usefulness of pro-
cedure-specific mortality rates, it is
worth considering additional ap-
proaches to judging surgical quality.
The first alternative approach would be
to increase the number of observa-
tions by combining operations to pro-
duce an aggregate mortality rate. Per-
haps the most visible example of this
approach is the National Surgical Qual-
ity Improvement Program used in
Veterans Affairs hospitals.10 This ap-
proach, however, lacks information on
the quality of care for individual pro-
cedures. For instance, a hospital’s high
mortality with carotid endarterec-
tomy may be masked by the very low
mortality of more common operations
such as laparoscopic cholecystecto-
mies, hernia repairs, and appendecto-
mies. When determined from heterog-
eneous groups of procedures, an
increased mortality rate does not pro-
vide clear guidance about where to fo-
cus efforts at quality improvement.

A second approach would be to fo-
cus on other outcomes. To be useful,
these other outcomes must occur more
frequently than mortality. Postopera-
tive complications often meet this re-
quirement, but the clinical severity of
complications is extremely broad (eg,
from superficial wound infection to
ventilator-associated pneumonia), and
there is currently no standard ap-
proach to their classification for qual-
ity measurement. Measures that are
based on patient-oriented outcomes
such as quality of life, time until the re-
turn to work, or patient satisfaction of-
fer several advantages. Unlike mortal-
ity, all patients undergoing a given
operation experience these outcomes—
making it feasible to detect clinically im-
portant differences with smaller sample
sizes. The usefulness of these mea-
sures, however, depends on the avail-
ability of detailed clinical data. Such
data are not widely available and are of-
ten not practical on a large scale given
the expense of data collection.

The third approach would be to fo-
cus on indirect measures of quality, in-
cluding processes of care and proce-
dural volume. Focusing on processes
of care has been standard for quality
measurement for medical conditions
(eg, �-blockers for patients after myo-
cardial infarction). Although this ap-
proach could be applied to surgery in
principle, the number of specific pro-
cesses of care that would be useful for
this purpose is limited. One quality in-
dicator that has received significant at-
tention recently is hospital or surgeon
volume; both have been shown to be
associated with lower mortality rates for
many complex operations.11 Informa-
tion on hospital volume is easy and
inexpensive to obtain. However, vol-
ume is often a poor predictor of per-
formance for individual hospitals or
surgeons.

No single quality measure will be ap-
propriate for all operations. Mortality
may work well for CABG surgery but
will be too imprecise for use with other
procedures, such as pancreatic resec-
tion. Policy makers should consider
sample size in selecting the best qual-
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ity measure for specific procedures, par-
ticularly when data are used for pub-
lic reporting. Otherwise, they run the
risk of mislabeling hospitals and mis-
informing patients.
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The opposite of a correct statement is a false state-
ment. But the opposite of a profound truth may well
be another profound truth.

—Niels Bohr (1885-1962)
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