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ABSTRACT

Background Although numerous studies suggest
that there is an inverse relation between hospital vol-
ume of surgical procedures and surgical mortality, the
relative importance of hospital volume in various sur-
gical procedures is disputed.

Methods Using information from the national Medi-
care claims data base and the Nationwide Inpatient
Sample, we examined the mortality associated with
six different types of cardiovascular procedures and
eight types of major cancer resections between 1994
and 1999 (total number of procedures, 2.5 million). Re-
gression techniques were used to describe relations
between hospital volume (total number of procedures
performed per year) and mortality (in-hospital or with-
in 30 days), with adjustment for characteristics of the
patients.

Results Mortality decreased as volume increased
for all 14 types of procedures, but the relative impor-
tance of volume varied markedly according to the
type of procedure. Absolute differences in adjusted
mortality rates between very-low-volume hospitals
and very-high-volume hospitals ranged from over 12
percent (for pancreatic resection, 16.3 percent vs. 3.8
percent) to only 0.2 percent (for carotid endarterec-
tomy, 1.7 percent vs. 1.5 percent). The absolute differ-
ences in adjusted mortality rates between very-low-
volume hospitals and very-high-volume hospitals were
greater than 5 percent for esophagectomy and pneu-
monectomy, 2 to 5 percent for gastrectomy, cystec-
tomy, repair of a nonruptured abdominal aneurysm,
and replacement of an aortic or mitral valve, and less
than 2 percent for coronary-artery bypass grafting,
lower-extremity bypass, colectomy, lobectomy, and
nephrectomy.

Conclusions In the absence of other information
about the quality of surgery at the hospitals near them,
Medicare patients undergoing selected cardiovascu-
lar or cancer procedures can significantly reduce their
risk of operative death by selecting a high-volume hos-
pital. (N Engl J Med 2002;346:1128-37.)
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VER the past three decades, numerous
studies have described higher rates of op-
erative mortality with selected surgical pro-
cedures at hospitals where few such proce-
dures are performed (low-volume hospitals).I* Several
recent reviews suggest that thousands of preventable
surgical deaths occur each year in the United States
because elective but high-risk surgery is performed
in hospitals that have inadequate experience with the
surgical procedures involved.57 As part of a broader
initiative aimed at improving hospital safety, a large
coalition of private and public purchasers of health
insurance — the Leapfrog Group — is encouraging
patients undergoing one of five high-risk procedures
to seek care at high-volume hospitals.8 In the lay me-
dia, there has been an emphasis on the importance
of experience with particular procedures,®!? and sev-
eral consumer-oriented Web sites (e.g., http://www.
healthscope.org) have begun providing patients with
information about volume at hospitals near them.
Despite the recent interest in surgical volume, many
question the applicability of previous research on vol-
ume and outcome to current practice.!l12 First, many
studies of volume and outcome are outdated. Given
that the surgical mortality associated with many pro-
cedures has fallen considerably since these studies were
conducted,!314 the relative importance of the volume
of procedures performed may be declining. Second,
most published studies on volume and outcome have
used state-level data bases or regional populations that
are served by a small number of high-volume centers.¢
Whether their results are broadly generalizable is un-
certain. And finally, although some procedures (e.g.,
cardiac surgery) have been studied extensively, the rel-
ative importance of hospital volume to mortality with
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many other high-risk procedures either has not been
explored or has been studied in samples that were too
small to permit assessment of performance at all mean-
ingful levels of hospital volume.

To address many of these limitations, we studied
surgical mortality in the Medicare population, which
accounts for the majority of all patients in the United
States who undergo high-risk surgery and an even larg-
er majority of those who die after surgery.’s Using
current national data (from 1994 through 1999), we
studied the importance of hospital volume to the op-
erative mortality associated with six types of cardiovas-
cular procedures and eight types of major cancer re-
sections.

METHODS

Subjects and Data Bases

We obtained the Medicare Provider Analysis and Review
(MEDPAR) files and the denominator files from the Center for
Medicare and Medicaid Services for the years 1994 through 1999.
These files contain hospital-discharge abstracts for the acute care
hospitalizations of all Medicare recipients covered by the hospital
care program (Part A). Only patients covered by fee-for-service
arrangements are included in the MEDPAR file; thus, our sample
excludes the approximately 10 percent of Medicare patients who
were enrolled in risk-bearing health maintenance organizations dur-
ing this period. We excluded patients who were under 65 years of
age or over 99 years of age. The study protocol was approved by
the institutional review board of Dartmouth Medical School.

Hospital Volume

Patients undergoing cach of the 14 procedures examined in our
analysis were identified with the use of appropriate procedure codes
from the International Classification of Diseases, 9th Revision, Clin-
ical Modification (ICD-9-CM).1¢ These procedures were selected
because they are relatively complex, are associated with a nontrivial
risk of operative mortality, and are most often performed on an elec-
tive basis.

We focused on the total number of each type of procedure per-
formed at a given hospital (hospital volume), not the total number
of procedures involving Medicare recipients (Medicare volume), in
order to place our results in the context of the volume standards sug-
gested by the Leapfrog Group® and others. To estimate total vol-
umes, we examined data from the all-payer 1997 Nationwide In-
patient Sample. We determined the proportion of all patients
undergoing each procedure who were covered by Medicare; the
proportion ranged from 43 percent (for nephrectomy) to 75 per-
cent (for carotid endarterectomy). To estimate the total volume at
individual hospitals, we divided the observed Medicare volume (the
total number of each type of procedure performed on Medicare pa-
tients during the six-year study period) by these procedure-specific
proportions.

Hospital volume, expressed as the average number of procedures
per year, was first evaluated as a continuous variable. To simplify the
presentation of our results, however, we also created categorical var-
iables, defining five categories of hospital volume: very low, low, me-
dium, high, and very high. For each procedure, the hospitals were
ranked in order of increasing total hospital volume, and then five vol-
ume groups were defined by the selection of whole-number cutoff
points for annual volume that most closely sorted the patients into
five groups of equal size (quintiles). The cutoff points were estab-
lished before mortality was examined in order to avoid selecting cut-
off points that could maximize the associations between volume and

outcome.!” To reflect most accurately the overall institutional ex-
perience with each type of operation, we combined the replacement
of aortic and mitral valves (into the single category of heart-valve
replacement) and lobectomy and pneumonectomy (into the cat-
egory of lung resection) in determining hospital volume. However,
the outcomes of these procedures were assessed separately.

Assessment of Outcomes

In creating cohorts for the analysis of outcomes, we applied sev-
eral restrictions in order to increase the homogeneity of the study
samples and thus minimize the potential for confounding by case
mix. For the eight types of major cancer resections, we excluded pa-
tients without an accompanying cancer-diagnosis code (related to
the index procedure). Patients undergoing repair of an abdominal
aortic aneurysm were excluded if they had a diagnosis or procedure
code suggesting rupture of the aneurysm, thoracoabdominal aneu-
rysm, or both. Patients undergoing coronary-artery bypass grafting
were excluded if they simultaneously underwent valve replacement.

Our primary outcome measure was operative mortality, defined
as the rate of death before hospital discharge or within 30 days after
the index procedure. Because a large proportion of surgical deaths
before discharge occurred more than 30 days after surgery, we de-
cided that 30-day mortality alone would not adequately reflect true
operative mortality. Because the length of stay did not vary system-
atically according to hospital volume, the inclusion of late, in-hospi-
tal deaths would not be expected to bias our results. Moreover, as-
sociations between volume and outcome were largely unchanged
when we repeated our analyses using 30-day mortality alone.

Statistical Analysis

We used multiple logistic regression to examine relations be-
tween hospital volume and operative mortality, with adjustment
for characteristics of the patients.!8 We used the patient as the unit
of analysis, with volume measured at the hospital level. We first fit-
ted separate models for each procedure against the logarithm of
volume to establish the general form of the relation. We then fitted
models against the quintiles of volume for each procedure.

We adjusted for age group (65 to 69 years, 70 to 74 years, 75 to
79 years, 80 to 84 years, or 85 to 99 years), sex, race (black or non-
black), and their interactions, as well as the year of the procedure,
the relative urgency of the index admission (elective, urgent, or
emergency), the presence of coexisting conditions, and mean in-
come from Social Security.!8 This last measure was assessed at the
ZIP Code level (on the basis of the 1990 Census file) because pa-
tient-level information on socioeconomic status is not available.

Coexisting conditions were identified with the use of information
from the index admission and any other admissions that had oc-
curred within the preceding six months. Relative to low-volume hos-
pitals, high-volume hospitals treat a larger number of patients who
have been transferred or referred from other centers. To minimize
the possibility of bias due to the identification of more previous ad-
missions (and thus more coexisting conditions) at high-volume cen-
ters, we excluded information on coexisting conditions identified
at previous admissions that occurred within two weeks before the
index hospitalization. For the purposes of risk adjustment, coexist-
ing conditions (identified by their appropriate ICD-9-CM codes)
were compiled into a Charlson score (the number of coexisting
conditions, weighted according to their relative effects on mortal-
ity),19:20 which was modified to exclude conditions that were likely
to reflect either the primary indication for surgery or postopera-
tive complications.21-22 We also explored two alternative approach-
es to incorporating coexisting conditions into our risk-adjustment
models: including Charlson scores with weights derived empirically
for each procedure and including coexisting conditions individually
by inserting into each model each condition that was present in at
least 2 percent of the patients. Because all three approaches yielded
virtually identical results, we report only those from the model that
used the Charlson score with published weights.1
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We used overdispersed binary logistic models to adjust for clus-
tering of deaths within hospitals.2 The net effect was to increase the
width of the confidence intervals between 2 percent (cystectomy)
and 44 percent (lobectomy), with a mean increase of 25 percent. We
computed adjusted mortality rates on the basis of the average val-
ues of the characteristics of the patients by back-transforming pre-
dicted mortality from the logistic model. Our final risk-adjustment
models had intermediate discriminative ability, with C statistics rang-
ing from 0.60 (for pneumonectomy) to 0.71 (for nephrectomy).
All P values are two-tailed.

Because the Medicare files used for this analysis reflect the use of
procedures among patients with fee-for-service arrangements for
health care, we may have underestimated hospital volume in regions
of the country that had a high penetration of Medicare managed
care during the study period (mainly southern California and the
Southwest). For this reason, we repeated our analyses after restrict-
ing our data set to hospital-referral regions with a penetration of
Medicare managed care of less than 10 percent. Because the adjust-
ed odds ratios for death associated with hospital volume changed
negligibly as a result of this restriction, these data are not presented.

RESULTS

Between 1994 and 1999, approximately 2.5 million
Medicare patients underwent 1 of the 14 cardiovas-
cular or cancer-related procedures that we studied. The
criteria used to define the five strata of hospital volume
varied markedly according to procedure, reflecting the
relative frequency with which each is performed (Ta-
ble 1). Medicare volume and total volume for the 14
procedures were highly correlated at the hospital level
(overall correlation coefficient, 0.97).

The age and sex of the patients did not vary con-
sistently among strata of hospital volume (Table 2).
However, for most of the 14 procedures, black patients
were more likely to undergo surgery at a lower-volume
hospital. For most procedures, Charlson scores tended
to be slightly higher at higher-volume hospitals. How-
ever, patients were more likely to be admitted non-
clectively at lower-volume hospitals. This trend was
more apparent with respect to several cancer-related
resections (e.g., esophagectomy) than with respect to
cardiovascular procedures.

When it was assessed as a continuous (logarithmic)
variable, hospital volume was related to both observed
and adjusted operative mortality rates for all 14 pro-
cedures (P<<0.001 for all trends). In terms of odds
ratios for death, adjustment for characteristics of the
patients attenuated the associations between volume
and outcome moderately for carotid endarterectomy,
colectomy, gastrectomy, esophagectomy, and pulmo-
nary lobectomy (Table 3). Risk adjustment had neg-
ligible effect with respect to the other procedures.

In terms of absolute differences in adjusted mor-
tality rates, the importance of hospital volume varied
markedly according to the type of procedure (Fig. 1
and 2). For example, for pancreatic resection, adjusted
mortality rates at very-low-volume hospitals were 12.5
percent higher than at very-high-volume hospitals
(16.3 percent vs. 3.8 percent) (Fig. 2A). Relatively
large differences in risk were also observed for esoph-
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agectomy (11.9 percent) and pneumonectomy (5.4
percent). Absolute differences in adjusted mortality
rates between very-low-volume and very-high-volume
hospitals were between 2 percent and 5 percent for
gastrectomy, cystectomy, repair of a nonruptured
abdominal aortic aneurysm, and aortic- and mitral-
valve replacement, and the differences were less than
2 percent for coronary-artery bypass grafting, lower-
extremity bypass, colectomy, lobectomy, and nephrec-
tomy. The absolute difference in mortality between
very-low-volume and very-high-volume hospitals was
smallest for carotid endarterectomy (1.7 percent vs.
1.5 percent).

Relations between volume and outcome in the in-
termediate strata of hospital volume also varied widely
according to the type of procedure (Fig. 1 and 2).
For several types of procedure (including coronary-
artery bypass grafting, valve replacement, and pancre-
atic resection ), mortality declined monotonically with
each stratum of increasing hospital volume. For others
(including elective repair of an abdominal aortic an-
eurysm, gastrectomy, and pneumonectomy), diftferenc-
es in mortality were most apparent at the extremes of
volume, whereas hospitals in the intermediate-volume
strata had similar mortality rates.

DISCUSSION

In this large, national study, higher-volume hospi-
tals had lower operative mortality rates for six types
of cardiovascular procedures and eight types of major
cancer resections. However, the absolute magnitude
of the relation between volume and outcome varied
markedly among the types of procedures. Dramatic
differences in mortality between very-low-volume and
very-high-volume hospitals were observed for pan-
creatic resection and esophagectomy (more than 12
percent, in absolute terms), whereas relatively small dif-
ferences in mortality (1 percent or less) were found
for 3 of the 14 procedures examined in our analysis.
These findings suggest the relative importance of hos-
pital volume for individual patients who are consid-
ering where to undergo various procedures. From the
public health perspective, however, one must also con-
sider the total number of patients who undergo each
procedure. For example, in the case of coronary-artery
bypass grafting (for which volume had a moderate ef-
fect but which is very common), 314 deaths would be
averted in the United States each year if the mortality
rate at very-low-volume hospitals were reduced to the
rate at very-high-volume centers. Conversely, in the
case of pancreatic resection (for which volume had a
very large effect but which is performed infrequently),
lowering the mortality rate at very-low-volume centers
to that observed at very-high-volume centers would
avert only 32 deaths annually.

We believe that our results reflect real differences
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TABLE 1. DISTRIBUTION OF PATIENTS AND HOSPITALS AMONG QUINTILES OF VOLUME
FOR THE 14 PROCEDURES.*

PROCEDURE HospITAL VoLUME

VERY LOW LOW MEDIUM HIGH VERY HIGH

Coronary-artery bypass grafting

No. of Medicare patients 188,176 157,060 197,322 181,427 177,682
No. of hospitals 595 181 149 91 52
Average no. of procedures/yr (57% Medicare) <230 230-348 349-549  550-849 >849
Heart-valve replacement
Aortic
No. of Medicare patients 30,377 30,329 31,590 29,607 29,707
No. of hospitals 639 198 123 70 39
Mitral
No. of Medicare patients 12,526 13,010 13,560 12,603 13,236
No. of hospitals 620 198 123 70 39
Average no. of procedures/yr (62% Medicare) <43 43-74 75-119 120-199 >199
Carotid endarterectomy
No. of Medicare patients 101,319 85,009 102,038 95,587 95,336
No. of hospitals 2,013 404 291 180 102
Average no. of procedures/yr (75% Medicare) <40 40-69 70-109 110-164 >164
Lower-extremity bypass
No. of Medicare patients 53,974 53,080 53,221 52,958 50,347
No. of hospitals 2,068 502 305 204 105
Average no. of procedures/yr (70% Medicare) <22 22-39 40-60 61-94 >94
Elective repair of abdominal aortic aneurysm
No. of Medicare patients 27,970 27,273 29,029 28,884 27,421
No. of hospitals 1,900 426 257 156 80
Average no. of procedures/yr (70% Medicare) <17 17-30 31-49 50-79 >79
Colectomy
No. of Medicare patients 63,386 58,720 62,789 59,398 59,992
No. of hospitals 2,856 727 486 319 199
Average no. of procedures/yr (59% Medicare) <33 33-56 57-84 85-124 >124
Gastrectomy
No. of Medicare patients 6,324 6,287 6,871 6,194 6,268
No. of hospitals 2,010 636 419 239 119
Average no. of procedures/yr (54% Medicare) <5 5-8 9-13 14-21 >21
Esophagectomy
No. of Medicare patients 861 1,817 1,091 1,393 1,175
No. of hospitals 618 620 187 119 31
Average no. of procedures/yr (49% Medicare) <2 2-4 5-7 8-19 >19
Pancreatic resection
No. of Medicare patients 1,563 2,757 1,885 2,166 2,159
No. of hospitals 1,028 555 168 90 27
Average no. of procedures/yr (50% Medicare) <1 1-2 3-5 6-16 >16
Nephrectomy
No. of Medicare patients 10,732 11,724 11,899 12,385 12,250
No. of hospitals 1,916 606 380 253 137
Average no. of procedures/yr (43% Medicare) <7 7-12 13-19 20-31 >31
Cystectomy
No. of Medicare patients 4,262 5,380 3,149 4,833 4,725
No. of hospitals 1,438 550 190 180 64
Average no. of procedures/yr (63% Medicare) <2 2-3 4-5 6-11 >11
Pulmonary resection
Lobectomy
No. of Medicare patients 14,816 15,731 14,759 15,469 14,788
No. of hospitals 1,806 456 248 164 79
Pneumonectomy
No. of Medicare patients 1,969 2,098 2,072 2,088 2,183
No. of hospitals 944 445 246 163 79
Average no. of procedures/yr (56% Medicare) <9 9-17 18-27 28-46 >46

*To estimate the average total hospital volume, we divided the observed Medicare volume (per year) by the proportion
of Medicare patients undergoing cach procedure (as determined on the basis of the Nationwide Inpatient Sample).
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TABLE 2. CHARACTERISTICS OF THE PATIENTS ACCORDING TO HOSPITAL VOLUME.*

PROCEDURE

Coronary-artery bypass grafting

Age >75 yr

Female sex

Black race

Nonelective admission

Charlson score =3
Aortic-valve replacement

Age >75 yr

Female sex

Black race

Nonelective admission

Charlson score =3
Mitral-valve replacement

Age >75 yr

Female sex

Black race

Nonelective admission

Charlson score =3
Carotid endarterectomy

Age >75 yr

Female sex

Black race

Nonelective admission

Charlson score =3
Lower-extremity bypass

Age >75 yr

Female sex

Black race

Nonelective admission

Charlson score =3
Elective repair of abdominal aortic aneurysm

Age >75 yr

Female sex

Black race

Nonelective admission

Charlson score =3
Colectomy

Age >75 yr

Female sex

Black race

Nonelective admission

Charlson score =3
Gastrectomy

Age >75 yr

Female sex

Black race

Nonelective admission

Charlson score =3
Esophagectomy

Age >75 yr

Female sex

Black race

Nonelective admission

Charlson score =3
Pancreatic resection

Age >75 yr

Female sex

Black race

Nonelective admission

Charlson score =3
Nephrectomy

Age >75 yr

Female sex

Black race

Nonelective admission

Charlson score =3

VERY LOW

35.8
352

60.8
9.2

49.6
439

445
8.5

39.6
59.0

9.4

56.2

319
22.8
12.0
374
43.3

37.7
48.0

50.6
46.4

46.1
44.9

354
19.2

LOW

36.2
347
35
60.4
9.0

50.3
42.6

43.8
8.7

41.1
58.2

494
9.5

48.8
44.2

32.1
10.1

50.6

36.3
43.7
51.7

45.8
44.0
28.5
19.9

HospiTAL VoLumE

MEDIUM HIGH VERY HIGH
percent
36.1 36.6 36.8
35.1 35.3 35.0
3.5 3.6 3.4
59.8 60.9 60.8
9.1 9.5 10.1
51.0 53.1 52.3
43.1 44.9 425
3.2 3.5 2.0
43.8 43.9 40.8
8.7 10.0 9.4
40.9 43.3 42.4
57.7 59.4 58.1
34 3.8 2.6
49.7 48.1 45.6
10.1 10.7 10.9
47.3 46.4 46.3
43.4 43.5 422
2.6 2.6 24
335 31.1 30.3
9.8 9.8 10.2
50.4 50.4 50.8
46.1 45.5 46.1
12.6 10.5 12.6
41.1 37.2 384
19.6 20.8 21.0
42.5 42.6 42.2
23.0 22.2 22.3
24 2.5 24
27.3 25.3 25.5
9.5 9.7 10.1
59.9 59.7 59.3
55.9 56.0 54.6
7.6 6.9 7.2
48.5 44 .4 43.0
45.3 45.1 45.9
54.0 53.3 48.9
419 39.7 37.4
13.2 11.3 11.3
41.9 41.0 29.7
59.3 60.3 62.3
31.3 28.6 28.1
246 234 25.8
6.7 6.5 5.5
20.5 20.5 7.6
45.4 41.6 43.0
35.3 36.8 35.2
49.0 48.9 47 4
6.8 6.0 5.0
43.9 354 18.6
534 55.6 64.5
44.3 43.2 41.6
42.8 429 414
5.5 6.0 6.5
24.7 234 20.2
20.2 21.1 23.1
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TABLE 2. CONTINUED.

PROCEDURE

Cystectomy
Age >75 yr
Female sex
Black race
Nonelective admission
Charlson score =3
Pulmonary lobectomy
Age >75 yr
Female sex
Black race
Nonelective admission
Charlson score =3
Pneumonectomy
Age >75 yr
Female sex
Black race
Nonelective admission
Charlson score =3

HospiTAL VoLumE

VERY LOW LOW MEDIUM HIGH VERY HIGH

percent

41.1 42.7 44.0 43.3 39.2
23.3 225 20.8 20.8 18.3

6.6 35 31 3.3 38
27.4 229 18.4 17.0 14.9
34.0 33.8 35.6 36.6 43.1

33.8 34.7 33.1 33.7 32.0
43.1 44.3 43.0 43.6 44.2

7.3 4.2 4.3 4.5 4.7
26.1 21.6 19.3 14.3 12.7
31.1 32.0 321 341 37.0

259 26.0 245 24.5 20.8
28.2 27.0 28.1 27.5 27.3

8.1 39 4.0 4.8 5.0
28.2 24.0 24.6 17.6 15.8
524 54.3 56.8 57.5 59.9

*The Charlson score is a measure of the number of coexisting conditions, weighted according to

their relative effects on mortality.

in the quality of surgery between high-volume and
low-volume hospitals. First, the effect is large. For
some procedures, mortality at low-volume centers was
several times as high as at high-volume hospitals — a
difference that is too great to be attributed to chance
or unmeasured confounding. Second, relations be-
tween volume and outcome are remarkably consistent
over time and across studies. According to one recent
structured review of the literature, 123 of 128 analyses
involving 40 different procedures (96 percent) found
lower mortality at high-volume hospitals (differences
were statistically significant in 80 percent of these
analyses).5 Only 4 of the 128 (3 percent) found high-
er mortality rates at high-volume hospitals, but none
of these findings were statistically significant. And fi-
nally, the link between surgical volume and mortality
is clinically plausible. Although the mechanisms under-
lying the relations between volume and outcome have
not been fully characterized, high-volume hospitals
may have more surgeons who specialize in specific pro-
cedures, more consistent processes for postoperative
care, better-staffed intensive care units, and greater
resources, in general, for dealing with postoperative
complications.

Our analysis has several limitations. First, because
we studied only Medicare patients, our results may not
be generalizable to patients under 65 years of age.
However, there is no evidence that age affects the re-
lations between volume and outcome. Second, our
measure of volume was imperfect. We estimated total

hospital volume by extrapolating from Medicare vol-
ume, not by direct measurement. Although Medicare
and total volumes are highly correlated at the hospi-
tal level, there probably remains some degree of mis-
classification of hospital-volume status, which would
tend to bias our analysis toward the null hypothesis
(no eftect of volume on outcome). Third, because our
primary goal was to estimate the potential effect of
referral policies that focus exclusively on volume, we
did not attempt to adjust for characteristics of the
provider that are likely to be highly correlated with
volume. Analyses that aimed to assess the independ-
ent effect of hospital volume would need to account
for other variables that may influence mortality, in-
cluding hospital size and teaching status, the volume
of procedures performed by a particular surgeon, and
staffing patterns in the intensive care unit.2+27
Finally, because we relied on administrative data, we
may not have accounted adequately for differences in
case mix among strata of hospital volume. Administra-
tive data are limited in their ability to differentiate pa-
tients according to the severity of illness.21.22.28.29 Age
and the prevalence of coexisting conditions did not
vary substantially according to hospital volume in our
data set. However, even for conditions for which the
procedure itself is almost always elective, patients at
lower-volume hospitals were more likely to have been
admitted nonelectively. Conversely, patients at higher-
volume hospitals were more likely to have had recent
nonelective admissions elsewhere. Although these find-
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TABLE 3. OPERATIVE MORTALITY RATES AND THEIR ASSOCIATION WITH HOSPITAL VOLUME.*

PROCEDURE

Coronary-artery bypass grafting

VERY LOW

LOW

Observed mortality rate (%) 6.1 5.5

Unadjusted odds ratio (95% CI) 1.0 0.91 (0.86-0.97)

Adjusted odds ratio (95% CI) 1.0 0.92 (0.86-0.98)
Aortic-valve replacement

Observed mortality rate (%) 9.9 9.2

Unadjusted odds ratio (95% CI) 1.0 0.91 (0.84-0.99)

Adjusted odds ratio (95% CI) 1.0 0.92 (0.85-0.99)
Mitral-valve replacement

Observed mortality rate (%) 16.1 15.0

Unadjusted odds ratio (95% CI) 1.0 0.92 (0.84-1.01)

Adjusted odds ratio (95% CI) 1.0 0.91 (0.83-1.00)
Carotid endarterectomy

Observed mortality rate (%) 2.0 1.9

Unadjusted odds ratio (95% CI) 1.0 0.91 (0.85-0.98)

Adjusted odds ratio (95% CI) 1.0 0.95 (0.88-1.02)
Lower-extremity bypass

Observed mortality rate (%) 6.1 5.8

Unadjusted odds ratio (95% CI) 1.0 0.94 (0.88-0.99)

Adjusted odds ratio (95% CI) 1.0 0.94 (0.89-1.00)
Elective repair of abdominal aortic aneurysm

Observed mortality rate (%) 7.8 5.9

Unadjusted odds ratio (95% CI) 1.0 0.75 (0.69-0.81)

Adjusted odds ratio (95% CI) 1.0 0.79 (0.73-0.86)
Colectomy

Observed mortality rate (%) 7.4 6.9

Unadjusted odds ratio (95% CI) 1.0 0.93 (0.88-0.98)

Adjusted odds ratio (95% CI) 1.0 0.98 (0.93-1.03)
Gastrectomy

Observed mortality rate (%) 13.0 12.7

Unadjusted odds ratio (95% CI) 1.0 0.98 (0.88-1.10)

Adjusted odds ratio (95% CI) 1.0 1.01 (0.90-1.13)
Esophagectomy

Observed mortality rate (%) 23.1 18.9

Unadjusted odds ratio (95% CI) 1.0 0.78 (0.63-0.95)

Adjusted odds ratio (95% CI) 1.0 0.85 (0.69-1.05)
Pancreatic resection

Observed mortality rate (%) 17.6 154

Unadjusted odds ratio (95% CI) 1.0 0.85 (0.72-1.01)

Adjusted odds ratio (95% CI) 1.0 0.88 (0.74-1.05)
Nephrectomy

Observed mortality rate (%) 3.6 3.2

Unadjusted odds ratio (95% CI) 1.0 0.88 (0.76-1.02)

Adjusted odds ratio (95% CI) 1.0 0.94 (0.81-1.09)
Cystectomy

Observed mortality rate (%) 6.4 6.3

Unadjusted odds ratio (95% CI) 1.0 0.99 (0.84-1.17)

Adjusted odds ratio (95% CI) 1.0 1.00 (0.84-1.18)
Pulmonary lobectomy

Observed mortality rate (%) 6.4 5.9

Unadjusted odds ratio (95% CI) 1.0 0.91 (0.83-1.01)

Adjusted odds ratio (95% CI) 1.0 0.94 (0.85-1.04)
Pneumonectomy

Observed mortality rate (%) 17.0 15.4

Unadjusted odds ratio (95% CI) 1.0 0.89 (0.75-1.06)

Adjusted odds ratio (95% CI) 1.0 0.91 (0.76-1.08)

HosPITAL VoLumE

MEDIUM

5.3
0.88 (0.82-0.93)
0.89 (0.83-0.95)

9.1
0.91 (0.84-0.99)
0.91 (0.84-0.99)

14.4
0.87 (0.79-0.97)
0.86 (0.78-0.96)

1.8
0.88 (0.81-0.95)
0.91 (0.84-0.99)

55
0.89 (0.83-0.94)
0.90 (0.85-0.97)

5.2
0.66 (0.60-0.72)
0.70 (0.64-0.76)

6.4
0.86 (0.81-0.90)
0.89 (0.84-0.94)

11.1
0.84 (0.75-0.93)
0.88 (0.79-0.99)

16.9
0.68 (0.54-0.86)
0.76 (0.60-0.97)

11.6
0.62 (0.50-0.76)
0.64 (0.51-0.79)

2.7
0.75 (0.64—0.87)
0.83 (0.71-0.97)

49
0.76 (0.62-0.93)
0.78 (0.64-0.96)

5.5
0.85 (0.76-0.94)
0.89 (0.80-0.99)

15.7
0.91 (0.77-1.08)
0.93 (0.78-1.11)

HIGH

5.1
0.84 (0.79-0.90)
0.84 (0.78-0.90)

8.7
0.87 (0.80-0.95)
0.84 (0.77-0.92)

134
0.81 (0.73-0.90)
0.79 (0.71-0.88)

17
0.82 (0.76-0.89)
0.88 (0.81-0.95)

55
0.90 (0.84-0.96)
0.94 (0.87-1.01)

5.3
0.66 (0.61-0.73)
0.71 (0.65-0.78)

6.1
0.81 (0.77-0.86)
0.89 (0.84-0.93)

113
0.85 (0.76-0.96)
0.90 (0.80-1.01)

11.7
0.44 (0.35-0.55)
0.51 (0.40-0.64)

7.5
0.38 (0.31-0.47)
0.40 (0.32-0.50)

29
0.80 (0.69-0.93)
0.90 (0.77-1.05)

45
0.69 (0.57-0.84)
0.71 (0.58-0.86)

5.3
0.81 (0.73-0.90)
0.87 (0.78-0.97)

15.0
0.86 (0.73-1.02)
0.91 (0.76-1.08)

VERY HIGH

4.8
0.79 (0.73-0.86)
0.79 (0.73-0.86)

7.6
0.75 (0.65-0.85)
0.75 (0.66-0.86)

125
0.74 (0.66-0.84)
0.74 (0.65-0.84)

1.7
0.82 (0.75-0.90)
0.88 (0.80-0.96)

49
0.78 (0.72-0.85)
0.81 (0.74-0.88)

44
0.54 (0.49-0.60)
0.58 (0.53-0.65)

5.4
0.73 (0.68-0.77)
0.80 (0.76-0.85)

8.7
0.64 (0.55-0.74)
0.72 (0.63-0.83)

8.1
0.29 (0.21-0.40)
0.36 (0.26-0.50)

38
0.18 (0.13-0.26)
0.20 (0.14-0.29)

2.6
0.70 (0.59-0.82)
0.80 (0.68-0.95)

29
0.44 (0.35-0.54)
0.46 (0.37-0.58)

42
0.64 (0.55-0.75)
0.70 (0.60-0.81)

10.6
0.58 (0.47-0.73)
0.62 (0.50-0.77)

*Qdds ratios for death (according to quintile of volume) were adjusted for age, sex, race, year of procedure, Social Security income, urgency
of admission, and Charlson score, a measure of coexisting conditions. CI denotes confidence interval.

ings raise the possibility of unmeasured difterences in
case mix among hospitals, we do not believe that con-
founding is a likely explanation for our main findings.

Although relations between volume and outcome
have long been recognized, large-scale efforts to re-

1134 - N Engl ] Med, Vol. 346, No. 15 - April 11,2002 -

duce surgical mortality by concentrating selected pro-
cedures in high-volume hospitals are only now begin-
ning to gain momentum. The most visible of these
efforts is being directed by the nonprofit Leapfrog
Group, a coalition of more than 80 large public and
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Hospital Volume (no. of procedures/year)

Figure 1. Adjusted In-Hospital or 30-Day Mortality among Medicare Patients (1994 through 1999), According to Quintile of Total Hos-
pital Volume for Peripheral Vascular Procedures (Panel A) and Cardiac Procedures (Panel B).

P<0.001 for all procedures. The outcomes for aortic-valve and mitral-valve replacement were stratified according to the total vol-
ume of heart-valve replacements. Values above the bars are the percent mortality.

private purchasers that insure more than 25 million
persons. The coalition is encouraging both patients
and payers to select hospitals that meet minimal vol-
ume standards for coronary-artery bypass surgery (500
procedures per year), coronary angioplasty (400 per
year), carotid endarterectomy (100 per year), repair of
abdominal aortic aneurysm (30 per year), and esoph-

agectomy for cancer (6 per year). Although our analy-
sis does not indicate that these specific volume thresh-
olds are better than other alternatives, it does confirm
that the proposed standards could reduce the surgical
mortality associated with several of these procedures.

Many may object to such initiatives aimed at con-
centrating selected surgical procedures in high-volume

N Engl ] Med, Vol. 346, No. 15 - April 11,2002 - www.negjm.org - 1135
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Hospital Volume (no. of procedures/year)

Figure 2. Adjusted In-Hospital or 30-Day Mortality among Medicare Patients (1994 through 1999), According to Quintile of Total
Hospital Volume for Resections of Gastrointestinal Cancer (Panel A) and Resections of Other Cancers (Panel B).

P<0.001 for all procedures. The outcomes for lobectomy and pneumonectomy were stratified according to the total volume of lung

resections. Values above the bars are the percent mortality.

hospitals. They may rightly point out that procedure
volume is an imperfect proxy for quality — that some
low-volume hospitals have excellent outcomes, where-
as some high-volume hospitals have poor outcomes.
Unfortunately, most patients facing high-risk surgery
have no way of knowing the relative quality of the hos-
pitals near them. Although several states currently have

1136 - N Engl ] Med, Vol. 346, No. 15 - April 11,2002 -

public reporting systems in place,3%-3! these efforts are
largely restricted to reporting on cardiac surgery. Most
other procedures are not performed frequently enough
to allow assessment of procedure-specific mortality
at the level of the individual hospital. Thus, in the ab-
sence of better information about surgical quality, pa-
tients undergoing many types of procedures can sub-

www.nejm.org
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stantially improve their odds of survival by selecting
a high-volume hospital near them.
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care Research and Quality. Dr. Birkmeyer is also supported by a Career De-
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Development program. The views expressed herein do not necessarily rep-
resent the views of the Department of Veterans Affairs or the United States
Government.
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