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I ORIGINAL CONTRIBUTION

Influence of Hospital Procedure Volume on
Outcomes Following Surgery for Colon Cancer
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Joan L. Warren, PhD
Colin B. Begg, PhD

HE COMPLEXITY OF HEALTH

care processes makes identifi-

cation and measurement of

the critical components of
high-quality care especially challeng-
ing.! Because hospital procedure vol-
ume is relatively easy to measure and
is assumed to be a proxy for experi-
ence, it has long been examined as a
predictor of clinical outcomes, and a
volume-outcome relationship has
been observed for a wide variety of
surgeries.”’* Concentration of surger-
ies in high-volume centers has been
considered a strategy to improve the
quality of care,>'*'® and in select
instances, policies to achieve this goal
have been implemented.!’

For cancer patients, large population-
based studies have demonstrated that
hospital procedure volume can have a
profound effect on outcomes following
operations associated with high mortal-
ity, such as pancreatectomy.'®* Some
prior studies have suggested that a vol-
ume-outcome effect may also exist for co-
lon cancer surgery, which is performed
more frequently but with less substan-
tial morbidity and mortality.>>*2° How-
ever, these analyses have been limited by
either sample size, lack of population-
based case ascertainment, geographic di-
versity, insufficient clinical detail for risk

See also Patient Page.
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Context Survival following high-risk cancer surgery, such as pancreatectomy and esoph-
agectomy, is superior at hospitals where high volumes of these procedures are per-
formed. Conflicting evidence exists as to whether the association between hospital
experience and favorable health outcomes also applies to more frequently performed
operations, such as those for colon cancer.

Objective To determine whether hospital procedure volume predicts survival fol-
lowing colon cancer surgery.

Design, Setting, and Participants Retrospective cohort study of data from the
Surveillance, Epidemiology and End Results—Medicare linked database on 27986 co-
lon cancer patients aged 65 years and older who had surgical resection for primary
adenocarcinoma diagnosed between 1991 and 1996.

Main Outcome Measures Thirty-day postoperative mortality and overall and cancer-
specific long-term survival, by hospital procedure volume.

Results We found small differences in 30-day postoperative mortality for patients treated
at low- vs high-volume hospitals (3.5% at hospitals in the top-volume quartile vs 5.5%
at hospitals in the bottom-volume quartile). However, the correlation was statistically sig-
nificant and persisted after adjusting for age at diagnosis, sex, race, cancer stage, comor-
bid illness, socioeconomic status, and acuity of hospitalization (P<<.001). The association
was evident for subgroups with stage I, Il, and Ill disease. Hospital volume directly cor-
related with survival beyond 30 days and also was not attributable to differences in case
mix (P<<.001). The association between hospital volume and long-term survival was con-
centrated among patients with stage Il and Ill disease (P<<.001 for both). Among stage
Il patients, variation in use of adjuvant chemotherapy did not explain this finding.

Conclusion Our data suggest that hospital procedure volume predicts clinical out-
comes following surgery for colon cancer, although the absolute magnitudes of these
differences are modest in comparison with the variation observed for higher-risk can-
cer surgeries.

JAMA. 2000;284:3028-3035 WWwWw.jama.com

adjustment, or incomplete mortality data.
Recently, linkage of the Surveillance, Epi-
demiology, and End Results (SEER) reg-
istries to Medicare claims created a re-
source that combines the necessary
ingredients for volume-outcome analy-
ses for the US population aged 65 years
and older.”’

We used SEER-Medicare data to
identify a population-based cohort of
colon cancer patients to determine
whether hospital procedure volume
predicts short- and long-term survival
following primary surgery. We hypoth-
esized that hospital volume would pre-
dict both postoperative mortality and

long-term survival, but anticipated that
the absolute magnitude of these asso-
ciations would be smaller than those ob-
served for infrequently performed
higher-risk operations, such as pancre-
atectomy and esophagectomy.

Author Affiliations: Departments of Epidemiology and
Biostatistics (Drs Schrag, Bach, and Begg and Ms Cra-
mer), Medicine (Drs Schrag and Bach), and Surgery
(Dr Cohen), Health Outcomes Research Group, Me-
morial Sloan-Kettering Cancer Center, New York, NY;
and the Applied Research Branch, National Cancer In-
stitute (Dr Warren).

Corresponding Author and Reprints: Deborah Schrag,
MD, Department of Epidemiology and Biostatistics,
Health Outcomes Research Group, Memorial Sloan-
Kettering Cancer Center, 1275 York Ave, New York,
NY 10021 (e-mail: schragd@mskcc.org).
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METHODS

Data Sources

The SEER registries ascertain all inci-
dent cancer cases diagnosed in 5 states
and 6 US metropolitan areas, represent-
ing approximately 14% of the US popu-
lation.?® Information is collected on each
incident cancer, including the primary
site and histology classified according to
the International Classification of Dis-
eases for Oncology, Second Revision (ICD-
0-2)* schema, the tumor stage at diag-
nosis, and patient demographics.

The Medicare program provides
health coverage for 97% of the US popu-
lation aged 65 years and older. The Medi-
care Provider Analysis and Review files
provide details of all hospitalizations for
persons eligible for Medicare Part A. To
receive payment, hospitals submit medi-
cal claims coding up to 10 diagnoses and
10 procedures using the International
Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM)
classification. For the 96% of Medicare
beneficiaries who opt for Part B cover-
age, claims for care delivered in hospi-
tal outpatient departments and physi-
cians’ offices are also recorded. Medicare
records document date of death based on
information provided by the Social Se-
curity Administration. The SEER-
Medicare data have been linked to fa-
cilitate population-based studies of the
outcomes of cancer treatment. Ninety-
four percent of patients in SEER aged 65
years and older have been successfully
linked to their Medicare records.*”

Cohort Definition

All Medicare-enrolled patients aged 65
years and older diagnosed as having pri-
mary colon cancer in a SEER area dur-
ing the years 1991 to 1996 were poten-
tially eligible for inclusion in our study.
Colon cancers were defined using SEER
codes for cancer sites 18.0 through 18.9,
and 19.9; thus, tumors arising in the rec-
tosigmoid were included. We re-
stricted our cohort to patients with a his-
tologic diagnosis of adenocarcinoma
(SEER histology codes 8140, 8210,
8211, 8220, 8221, 8260, 8261, 8262,
8263, 8470, 8480, 8481, and 8490). Di-
agnoses noted exclusively on death cer-
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tificates or at autopsy were excluded, as
were those in which the month of diag-
nosis was unknown. Patients enrolled
in a health maintenance organization
were excluded from our cohort (16.5%
of patients) because detailed claims are
not submitted to Medicare by health
maintenance organizations.

We searched Medicare claims for co-
lon cancer surgeries performed within
6 months of primary diagnosis. Opera-
tions were defined according to the ICD-
9-CM classification system (45.7x,45.8,
48.4x, 48.5x, and 48.6x); thus, pa-
tients operated on exclusively for local
resection or creation of an ostomy were
excluded. Only patients undergoing sur-
gery at hospitals located in 1 of the 9
states containing 1 of 11 SEER regis-
tries were included in the analysis be-
cause hospital volume could not be re-
liably measured at institutions outside
SEER areas.

Outcomes of Colorectal Surgery

The 3 outcomes assessed were 30-day
postoperative mortality, overall sur-
vival, and colon cancer-specific sur-
vival. Postoperative mortality was de-
fined as death within 30 days of
hospitalization for surgical resection.
Date of hospitalization served as a proxy
for date of surgery since it is more reli-
ably coded in the Medicare database.
Survival was defined by the interval from
the date of hospitalization for resection
until either death as reported to Medi-
care, or December 31, 1998, when cen-
soring occurred. SEER reports cancer-
specific mortality based on state death
certificates but these vital statistics were
current only through December 31,
1996. Therefore, colon cancer-specific
survival was examined for the 98.5% of
our cohort (27561/27986) who had
available state death certificates or had
not died prior to this date.

We hypothesized that greater use of
adjuvant chemotherapy at high-
volume hospitals might partially ex-
plain an observed volume-outcome re-
lationship. We examined use of adjuvant
chemotherapy among patients with stage
111 cancer who survived 3 months post-
operatively, and were also enrolled in

Medicare Part B, which is required for
coverage of outpatient services. Those
patients who had at least 1 claim for che-
motherapy or its administration at any
point during the 3-month postopera-
tive period were considered recipients.

Hospital Procedure Volume

Hospitals were ranked by volume ac-
cording to the number of operations
performed between 1991 and 1996, an
approach that has been previously vali-
dated.'® Examination of fluctuations of
individual hospital volumes on a year-
by-year basis demonstrated great sta-
bility. To avoid the possibility of se-
lecting cut points with maximal P
values, primary statistical analyses were
performed using the Mantel-Haenszel
test for trend without aggregation of the
data into discrete volume categories. To
facilitate display of our results and to
adjust survival in a Cox proportional
hazards model, we defined quartiles of
hospital procedure volume (low, me-
dium, high, and very high) based on the
volume of operations performed on
members of our cohort during the
6-year study period.

Potential Confounders

We used information on tumor size,
nodal involvement, and spread coded
in the SEER database to stage patients
according to the American Joint Com-
mittee on Cancer schema. Patients with
missing information about tumor ex-
tent, nodal involvement, or metasta-
ses were classified as unstaged. To ad-
just for potential confounding based on
the severity of noncancer medical ill-
ness, we used Romano’s®*® modifica-
tion of the comorbidity index origi-
nally developed by Charlson.*' We
examined all available inpatient Medi-
care claims for the 12 months prior to
the index surgical admission, as well as
claims during the index admission, and
assigned patients the maximal comor-
bidity observed. We used the median
income in the census tract of resi-
dence to adjust for differences in pa-
tients’ economic status.

Colon cancer resections performed
on an emergency basis may be associ-
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ated with high mortality. We used the
Medicare claim code for emergent hos-
pital admission and ICD-9 codes for
emergent indications for surgery bowel
obstruction (560.89, 560.90) and per-
foration (569.83) to permit an adjust-
ment in multivariable analysis.

Statistical Analysis

The relationship between hospital pro-
cedure volume and postoperative mor-
tality was examined using the Mantel-
Haenszel test for trend. While we used
the patient as the unit of analysis, we also
performed a modified version of the
Mantel-Haenszel test that adjusts for
within-hospital correlations in the data.**
Multiple logistic regression, with vital
status at 30 days as the outcome and hos-
pital procedure volume as a continu-
ous predictor, was used to adjust for po-
tential confounding by sex, race, age at
diagnosis, cancer stage, comorbidity, so-
cioeconomic status, and the presence of
emergent indications for surgery accord-
ing to the categories shown in TABLE 1.

The impact of hospital volume on
survival is displayed using the Kaplan-
Meier method. The Cox proportional-
hazards method was used to examine
the effects of potential confounders. The
likelihood ratio test was used to com-
pare a model that had all variables ex-
cept procedure volume with a model
that had all variables including proce-
dure volume. All P values are 2-sided.
When we developed our research pro-
tocol, we calculated the effect size that
would allow for detection with a 2-sided
significance level of .05 and 90% power
for each planned analysis. With a
sample size of 27000 colon cancer pa-
tients and a 4% postoperative mortal-
ity rate, we had power to detect a 0.8%
difference between low- and high-
volume hospitals; for a subgroup of
7000 patients, we could detect a 1.5%
difference; for a subgroup of 3500 pa-
tients, a 2.1% difference.

RESULTS
Characteristics of the Cohort

A total of 47495 Medicare-eligible pa-
tients received an antemortem diagno-
sis of primary colon cancer at age 65

3030
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years and older during the years 1991-
1996 in SEER areas. We sequentially ex-
cluded 2280 patients with histologies
other than adenocarcinoma, 71 lack-
ing a month of diagnosis, and 2934 with
in situ tumors. Among the remaining
42210 patients, 7999 were excluded be-
cause they were enrolled in a health
maintenance organization or not en-
rolled in Medicare Part A at the time of
diagnosis. From this group of 34211,
a total of 28475 had surgical resec-
tion, and among these, 27986 had sur-
gery performed at a hospital located in
a SEER area. The demographic and
clinical characteristics of the 27986 pa-
tients are displayed in Table 1.

Hospital Surgical Volume

In our cohort, colon cancer resections
were performed at 611 different hos-
pitals between 1991 and 1996. Hospi-
tal volume over the 6-year period
ranged from 1 to 57 for the 440 low-
volume hospitals (72%); 58 to 112 for
the 89 medium-volume hospitals
(15%); 113 to 165 for the 51 high-
volume hospitals (8%); and 166 to 383
for the 31 very high-volume hospitals
(5%). The numbers and characteris-
tics of patients in each volume quar-
tile category are shown in Table 1. The
age, sex, and comorbidity of patients
were similar across strata of hospital
volume. Patients with race coded as
other than white or black, those with
unstaged tumors, and those with low
socioeconomic status were more likely
to undergo surgery at a low-volume
hospital.

Postoperative Mortality

As shown in TABLE 2, the absolute mag-
nitude of variation in 30-day postop-
erative mortality at hospitals with dif-
ferent procedure volumes was small.
For example, the difference in 30-day
mortality for patients operated on at the
very high-volume compared with the
low-volume hospitals was 2% (3.5% vs
5.5%). However, a consistent associa-
tion between higher postoperative mor-
tality and lower surgical procedure vol-
ume was evident (P<.001) and
persisted after inclusion of potential

confounders in multivariable logistic re-
gression (P<<.001). In subgroup analy-
ses, we found that hospital volume was
a significant predictor of mortality for
patients with stage I, II, and III tu-
mors, but not for patients with stage IV
or unstaged disease, in which smaller
sample sizes precluded our ability to de-
tect effect sizes of less than 2%.

Survival

The survival curves for patients treated
at institutions in each volume quartile
illustrate a clear association between pro-
cedure volume and overall survival
(P<.001; FIGURE 1A). The difference in
5-year mortality for patients operated on
at the very high- vs the low-volume hos-
pitals was 4.4% (54.8%-50.4%; Table 2).
Since a 2% absolute mortality differ-
ence is evident at 30 days, 45% (2/4.4)
of the survival difference appears to be
attributable to the immediate postop-
erative period and 55% to more distal
events. Figure 1B demonstrates that
similar results are obtained for colon
cancer-specific survival (P<<.001).

Adjusted risk ratios and confidence in-
tervals for overall mortality for patients
in each hospital volume category com-
pared with patients operated on at the
very high-volume institutions are shown
in Table 2. The volume-outcome asso-
ciation remained highly significant for
both overall mortality (P<<.001) and co-
lon cancer-specific mortality (P<<.001)
after adjusting for other variables.

We examined subgroups of patients
with identical American Joint Commit-
tee on Cancer tumor stage (FIGURE 2).
Whereas hospital volume was predic-
tive of survival for patients with stage
11 (P<<.001 adjusted) and stage III dis-
ease (P<<.001 adjusted), it was not sig-
nificant for patients with either stage I
or stage 1V disease.

Other Factors

Our adjusted models included variables
associated with either shorter colon can-
cer survival (advanced clinical stage,
comorbidity, obstruction, perforation) or
shorter life expectancy (male sex, older
age, black race, and low socioeconomic
status). Male sex, older age, black race,

©2000 American Medical Association. All rights reserved.
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advanced clinical stage, high comorbid-
ity, low income, obstruction or perfora-
tion, and emergent hospitalization were
independent predictors of poor progno-

HOSPITAL PROCEDURE VOLUME AND COLON CANCER

sis but adjusting for these variables did
not change our results.

Variation in synchronous hepatic re-
section (ICD-9-CM codes 50.22, 50.3,

50.4) did not confound the volume-

outcome association because it was per-

formed at a similar low frequency (0.4%-
0.6%) at hospitals in each volume

Table 1. Patients With Colon Cancer According to the Procedure Volume of the Hospital Where Surgery Was Performed*

Patients by Hospital Volume, %1%

1
Very High

Patient Characteristics No. (%) of Patientst Low Medium High
Total
No. of patients 27986 (100) 6837 7105 6947 7097
No. of hospitals 611 (100) 440 89 51 31
Sex
Male 12550 (44.8) 44.9 44.9 45.6 44.0
Female 15436 (55.2) 55.1 55.1 54.4 56.0
Age at diagnosis, y
65-69 5462 (19.5) 20.8 18.9 19.2 19.2
70-74 6640 (23.7) 23.9 24.0 23.2 23.9
75-79 6493 (23.2) 22.1 23.3 241 23.3
=80 9391 (33.6) 33.2 33.8 33.6 33.7
Race
White 23679 (84.6) 80.3 83.6 86.1 88.4
Black 1991 (7.1) 74 7.2 5.5 8.6
Other 2316 (8.3) 12.6 9.2 8.4 3.0
AJCC stage
I 5377 (19.2) 18.0 18.4 20.0 20.4
Il 10137 (36.2) 35.5 36.3 35.5 37.5
Il 7150 (25.6) 24.8 26.3 25.0 26.1
Y 3886 (13.9) 13.9 13.6 14.4 13.6
Unstaged 1436 (5.1) 7.8 5.3 5.0 2.5
Romano-Charlson comorbidity
18261 (65.2) 64.8 64.8 65.5 65.9
1 6796 (24.3) 24.4 24.6 24.3 23.8
2 2929 (10.5) 10.8 10.6 10.2 10.3
Median census tract income quartile
Highest 6783 (24.2) 18.8 20.4 28.1 29.6
Third 6795 (24.3) 20.8 23.5 24.5 28.3
Second 6800 (24.3) 22.7 28.1 24.2 22.1
Lowest 6802 (24.3) 33.5 24.5 20.6 18.8
Area not tracted 806 (2.9) 4.2 3.5 2.7 1.2
Obstruction or perforation
No 25447 (90.9) 89.9 90.2 91.2 92.4
Yes 2539 (9.1) 10.1 9.8 8.8 7.6
Emergent hospitalization
No 22478 (80.9) 82.6 82.7 81.3 74.8
Yes 5508 (19.7) 17.4 17.3 18.7 25.2
SEER registry
California
Los Angeles 4297 (15.4) 25.7 16.3 14.8 4.9
San Francisco-Oakland 2412 (8.6) 9.0 14.0 7.5 4.0
San Jose-Monterey 1328 (4.8) 3.1 3.4 6.5 6.0
Connecticut 4414 (15.8) 5.7 71 13.9 36.0
Atlanta, Ga 1476 (5.3) 4.6 7.8 3.3 5.4
Hawaii 687 (2.4) 3.9 2.2 3.8 0.0
lowa 4280 (15.3) 23.5 12.0 14.0 12.0
Detroit, Mich 4486 (16.0) 6.8 12.2 16.6 28.3
New Mexico 885 (3.2) 6.4 4.3 2.0 0.0
Utah 993 (3.5) 5.1 74 21 0.0
Seattle, Wash 2728 (9.7) 6.5 13.6 15.5 3.4

*AJCC indicates American Joint Committee on Cancer; SEER, Surveillance, Epidemiology, and End Results.

TExpressed as patients unless otherwise indicated.
FHospital procedure volume is defined as the number of operations performed during the study period, 1991-1996. Low-volume hospitals performed 1 to 57 procedures; medium,
58 to 112; high, 113 to 165; and very high, 166 to 383.
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quartile. We considered the possibility
that regional differences in care might ac-
count for our results.” Although high-
volume hospitals were more highly
concentrated in some SEER regions
(Connecticut and Detroit, Mich) than in
others (Iowa and Los Angeles, Calif),
stratification by registry did not change
our results because there was minimal
geographic variation in mortality rates.

Postoperative Chemotherapy

The pronounced association between
volume and long-term survival for pa-
tients with stage III disease (Figure 2)

prompted us to examine patterns of
postoperative chemotherapy use as a
possible process measure that might ac-
count for this observation. Among the
6423 patients with stage III tumors who
survived 3 months postoperatively and
were enrolled in Medicare Part B, 3519
(54.8%) had at least 1 Medicare claim
for chemotherapy within 3 months of
surgery. Specifically, 51.2% of pa-
tients at low-volume; 56.6% at medium-
volume; 55.6% at high-volume; and
55.5% at very high-volume hospitals re-
ceived chemotherapy within 3 months
of primary surgery. Although this trend

was marginally significant (P=.02; and
P=.07 when adjusted for within-
hospital correlation), when we added
chemotherapy use to our Cox model for
stage 111, hospital procedure volume re-
mained a significant predictor of sur-
vival in adjusted analyses.

COMMENT

Among a population-based cohort of
Medicare beneficiaries with primary co-
lon cancer, we found that hospital pro-
cedure volume predicts both short- and
long-term survival following surgical re-
section. We failed to find any evidence

]
Table 2. Magnitude and Significance of the Association Between Hospital Procedure Volume and Mortality

30-Day Mortality

Overall Survival

Risk Ratio (95% Confidence Interval)

Hospital Volume*  No. of Patients IMortality, % P for Trend‘l'I Mosrte\l(l‘iat?/t % l Unadjusted Adjustedt P Value§
All Stages
Very high 7097 3.5 7] 50.4 1.00 1.00 ]
High 6947 4.4 <001 51.5 1.07 (1.02-1.12) 1.10 (1.05-1.15) <001
Medium 7105 5.0 53.6 1.12(1.07-1.18) 1.13(1.08-1.18)
Low 6837 55 _| 54.8 1.15(1.10-1.21) 1.16 (1.11-1.21)
Total 27986 4.6 52.7
Stage |
Very high 1446 1.7 7] 30.9 1.00 1.00 ]
High 1392 2.2 03 29.0 0.98 (0.86-1.12) 1.02 (0.89-1.16) 10
Medium 1308 2.7 32.7 1.09 (0.95-1.25) 1.15(1.00-1.31)
Low 1231 3.0 | 34.5 1.10 (0.96-1.26) 1.14 (0.99-1.30) _|
Total 5377 2.3 31.7
Stage Il
Very high 2658 3.3 7] 40.5 1.00 1.00 ]
High 2469 3.7 001 41.6 1.06 (0.97-1.16) 1.11 (1.02-1.21) <001
Medium 2581 5.1 42.9 1.11 (1.02-1.21) 1.15 (1.06-1.25)
Low 2429 5.0 | 441 1.14 (1.05-1.24) 1.18 (1.08-1.29)_|
Total 10137 4.3 42.2
Stage Il
Very high 1850 2.8 7] 56.0 1.00 1.00 ]
High 1735 3.9 005 58.5 1.10 (1.01-1.20) 1.12 (1.02-1.22) <001
Medium 1871 4.8 60.2 1.14 (1.05-1.24) 1.16 (1.06-1.26)
Low 1694 4.9 | 62.5 1.20 (1.10-1.31) 1.23 (1.12-1.34) _|
Total 7150 4.1 59.2
Stage IV
Very high 964 8.4 7] 94.7 1.00 1.00 i
High 1001 9.6 09 95.4 1.08 (0.99-1.19) 1.12 (1.02-1.23) 10
Medium 968 8.2 94.0 1.04 (0.95-1.14) 1.06 (0.96-1.16)
Low 953 10.2 _| 94.8 1.07 (0.98-1.17) 1.09 (0.99-1.20) _|
Total 3886 9.1 94.7

*Hospital procedure volume indicates the number of operations performed during the study period, 1991-1996. See Table 1 for exact numbers.
1P values for trend were calculated using the Mantel-Haenszel test and adjusted for within-hospital correlation.

FAdjusted for sex, age at diagnosis, race, clinical stage, comorbidity, median income, and presence of emergent indications for surgery according to the categories in Table 1.

§P values were calculated using the likelihood ratio test.
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Figure 1. Postoperative Overall Survival (N=27986) and Colon Cancer-Specific Survival (n=27561) According to Hospital Procedure Volume
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Figure 2. Postoperative Stage-Specific Survival According to Hospital Procedure Volume
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]
Table 3. Potential Consequences of Hypothetical Policies Mandating Colon Cancer Surgery

at Hospitals With Minimum Volume Thresholds*

No. (%)
IPatients Redirected Hospitals DiscontinuingI Mean 30-Day
Procedure Volume to Another Hospital Colon Cancer Surgery Postoperative
Thresholdt (N = 27 986) (n=611) Mortality, %
No threshold 0(0) 0(0) 4.59
5 280 (1) 134 (22) 4.58
8 560 (2) 177 (29) 4.55
15 1400 (5) 263 (43) 4.44
24 2800 (10) 330 (54) 4.34
35 4200 (15) 379 (62) 4.22
58 7000 (25) 440 (72) 414
113 14000 (50) 529 (87) 3.73
166 21000 (75) 580 (95) 3.50

*These estimates illustrate the potential consequences for study cohort members if colon cancer surgery were to be
performed at hospitals with various minimum volume thresholds based on patterns of care during 1991-1996. The
analysis assumes a best-case scenario such that all rerouted patients have surgery at an institution in the top pro-

cedure volume quartile in which 30-day mortality is 3.5%.

TVolume thresholds based on 1991-1996 Surveillance, Epidemiology, and End Results (SEER)-Medicare case volume.

that underlying differences in the char-
acteristics of patients accounted for our
results. Although the association be-
tween postoperative mortality and hos-
pital procedure volume is statistically sig-
nificant, the absolute magnitude of the
difference (2%) was more modest than
the 7% to 15% differences observed for
pancreatectomy and esophagectomy.'®

Our results are consistent with those
recently reported by Harmon et al,’ who
analyzed the association between hos-
pital volume and inhospital mortality for
9739 colorectal cancer patients treated
at 50 hospitals in Maryland. In our co-
hort, the top 5% (31/611) of hospitals
cared for 25% of patients; in their co-
hort, the top 12% (7/50) of hospitals
cared for 32% of patients. Both studies
show that in the United States, colon
cancer surgery is currently performed at
many hospitals with very low-case vol-
umes, that there is a statistically signifi-
cant correlation between high volume
and favorable outcomes not attribut-
able to differences in case mix, and that
the order of magnitude of the absolute
postoperative mortality difference is
small (1.7%-2%).

Previous analyses demonstrating a re-
lationship between hospital case vol-
ume and clinical outcomes have sug-
gested that selected procedures should
be regionalized and services restricted
to centers performing a minimum num-
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ber of cases.?!” To illustrate the poten-
tial consequences of colon cancer sur-
gery regionalization, we have calculated
the number of hospitals that would have
to discontinue colon cancer surgery and
the number of patients who would need
to be referred elsewhere if mandatory
minimum volume thresholds were
implemented (TABLE 3). Under the op-
timistic assumptions that rerouting pa-
tients to very high-volume hospitals
would be feasible, cause no adverse con-
sequences, and achieve surgical out-
comes similar to those for patients in the
top-volume quartile, our results show
that regionalization would affect many
institutions and require relocation of
many patients to obtain modest, al-
though appreciable, increments in sur-
vival. If our results are extrapolated to
the approximately 70000 colon cancer
resections performed annually in the
United States, in a best-case scenario, re-
routing patients treated at hospitals in
the low-volume quartile to the very high-
volume quartile could potentially avert
350 postoperative deaths and a total of
770 deaths 5 years after colon cancer sur-
gery. Whether regionalization of colon
cancer surgery is warranted to achieve
a benefit of this magnitude should be a
matter of public policy debate.

In urban areas such as Detroit and At-
lanta, Ga, hospitals with large caseloads
are located in proximity to low-volume

centers, but in areas such as Iowa and
Utah, regionalization policies mandat-
ing care in high-volume institutions
could require patients to travel long dis-
tances. As a result, the efficacy and ex-
pense of alternatives to regionalization,
such as continuing education for surgi-
cal care teams at hospitals with low-
case volumes, merit further study. In ad-
dition, we concur with Hillner et al> who
recently emphasized that identification
of the mechanisms underlying varia-
tion in outcomes should facilitate initia-
tives tailored to address specific short-
comings and is therefore a research
priority.

Several concerns regarding our analy-
sis must be noted. First, the potential for
inaccurate coding exists for any claims-
based analysis.***® However, the lack of
ambiguity regarding the colon cancer di-
agnoses coupled with the fact that com-
plete coding for major surgical proce-
dures favorably affects hospital and
physician reimbursement suggests that
the claims-based approach we used
should be more accurate than it may be
for other conditions. Second, we deter-
mined surgical volume based only on the
number of operations performed in the
Medicare population. However, this
method has been validated and Medi-
care case volume appears highly corre-
lated with total volume.'®

Although the SEER cohort is popu-
lation-based, generalizability of our
analysis may be limited by the restric-
tion of our study cohort to the subset
of Medicare-eligible patients older than
65 years who were not enrolled in a
health maintenance organization at di-
agnosis.” Nevertheless, because the me-
dian age of colon cancer diagnosisis 71
years,” and less than 20% of patients
were health maintenance organiza-
tion enrollees, our cohort is represen-
tative of a substantial proportion of pa-
tients in the United States.

Why do high-volume hospitals achieve
superior outcomes? Our analysis sug-
gests that the answer is not attributable
to differences in patient characteristics.
The 30-day mortality differences sug-
gest that either intraoperative and/or
immediate postoperative care vary with
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institutional caseload. In part, the effect
may result from the skill of the indi-
vidual surgeon.” However, other analy-
ses have shown that hospital volume is
astronger determinant of outcomes than
individual surgeon volume suggesting
thataccess to an entire team of health care
professionals (surgeons, anesthesiolo-
gists, nurses, radiologists) is impor-
tant.” It is unlikely that the association
between hospital volume and both over-
all and colon cancer-specific survival is
attributable to a single mechanism. Con-
ceivably, surgeons at high-volume hos-
pitals perform more meticulous dissec-
tions. Evidence that local recurrences
were more common at low-volume hos-
pitals would lend support to the inter-
pretation that surgical expertise is the pri-
mary determinant of outcome, but this
detail was not available from medical
claims. Patients at high-volume hospi-
tals may undergo more careful postop-

HOSPITAL PROCEDURE VOLUME AND COLON CANCER

erative surveillance or receive more inten-
sive subsequent treatment. However, no
strong association between adjuvant che-
motherapy treatment and hospital pro-
cedure volume was evident. Our claims-
based approach did not permit us to
examine cumulative dose or dose inten-
sity of chemotherapy, and such differ-
ences might account for at least a small
proportion of the volume-outcome effect.

Caution is warranted in interpreting
our results and indeed those of all vol-
ume-outcome studies.'*** Our analy-
sis cannot demonstrate the direction of
any causal relationship between vol-
ume and outcome. While we presume
that high volumes contribute to good out-
comes it is also plausible that good out-
comes lead to high volumes. We empha-
size that the implication of our analysis
is not that colon cancer surgery should
be limited to high-volume institutions.
Rather, we intend that it provoke in-

depth scrutiny of the processes of care
at high-volume institutions that deter-
mine their success and those at low-
volume institutions that may account for
their relative shortcomings. Our results
underscore the need for further research
to identify those specific features and pro-
cesses of care that underlie the volume-
outcome relationship. This insight should
help policymakers and should enable
hospitals to design and implement strat-
egies to improve the quality of care.
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