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Abstract
Purpose An association between hospital volume and
postoperative mortality has been identified for several
oncologic surgical procedures. Our objective was to
analyze differences in surgical outcomes for patients
with rectal cancer according to hospital volume in the
state of California.
Methods A cross-sectional study from 2000 to 2005 was
performed using the state of California Office of State-
wide Health Planning and Development database. Hos-
pitals were categorized into low (≤30)-, medium (31–
60)-, and high (>60)-volume groups based on the total
number of rectal cancer operations performed during the
study period.
Results Overall, 7,187 rectal cancer operations were per-
formed. Of the 321 hospitals in the study cohort, 72 %

(n0232), 20 % (n065), and 8 % (n024) were low-,
medium-, and high-volume hospitals, respectively. Postop-
erative mortality was significantly lower- in high-volume
hospitals (0.9 %) when compared to medium- (1.1 %) and
low-volume hospitals (2.1 %; p<0.001). High-volume hos-
pitals also performed more sphincter-preserving procedures
(64 %) when compared to medium- (55 %) and low-volume
hospitals (51 %; p<0.001).
Conclusions These data indicate that hospital volume cor-
relates with improved outcomes in rectal cancer surgery.
Rectal cancer patients may benefit from lower mortality
and increased sphincter preservation in higher-volume
centers.
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Introduction

Recent studies have documented the relationship between
hospital volume and surgical outcomes. Higher hospital
volume has been linked to lower postoperative mortality
and complications for a number of surgical oncology pro-
cedures [1–3] though the degree of association is subject to
the specific operation being performed. For example, sig-
nificant differences in mortality have been recognized for
esophageal [4–6] and pancreatic resections [7–10] accord-
ing to hospital volume. For colorectal cancer surgery, a
volume-related effect on postoperative mortality and sphinc-
ter preservation has also been identified [11–15]. However,
surgery is inherently different for rectal cancer than colon
cancer and there is paucity of data regarding a volume-to-
outcome relationship specifically for rectal cancer surgery.

There is ongoing national debate regarding the need to
regionalize complex surgical procedures [16–19]. Although
the Institute of Medicine has recommended the regionaliza-
tion of esophageal and pancreatic surgery [20], no guidance
currently exists for rectal cancer surgery. Given its complex-
ities, it may be reasonable to believe that rectal cancer
surgery can be performed with improved results at higher-
volume institutions. As such, more data regarding rectal
cancer surgery outcomes is necessary before recommenda-
tions can be proposed. The aim of this study was to deter-
mine the relationship between hospital volume and surgical
outcomes in patients with rectal cancer.

Methods

OSHPD database

The state of California Office of Statewide Health Planning
and Development (OSHPD) database was accessed to col-
lect data on all California hospitals that had performed rectal
cancer surgery on an elective or emergent basis between the
years 2000 and 2005. OSHPD is a registry of all California
hospitals that requires mandatory reporting of specific hos-
pital outcomes. The registry was designed to collect both
clinical and financial data [21–23]. Clinical data that is
tracked by OSHPD include cancer diagnosis, type of sur-
gery, length of hospital stay, hospital mortality, complica-
tions, and comorbidities.

By using the appropriate procedure code from the Inter-
national Classification of Disease version 9 (ICD-9) [24],
we assessed all patients diagnosed with rectal cancer (code
154.1) who underwent surgery by low anterior resection
(CPT code 48.63) or abdominoperineal resection (CPT code
48.5). Patients with colon or rectosigmoid cancer were
excluded. Primary outcomes measured were surgical

morbidity, mortality (defined as the in hospital rate of
death), and rates of sphincter-preserving surgery.

Validity of volume measure

Hospitals were ranked by volume according to the total
number of operations performed between 2000 and 2005
in accordance with previously described benchmarks of
categorizing hospital volume [2, 12, 13, 25]. Hospital vol-
ume was categorized as low, medium, or high depending on
the total number of rectal cancer operations performed dur-
ing the 6-year period. This stratification allowed for approx-
imate equal distribution of patients into the three groups.
Low-, middle-, and high-volume hospitals were defined as
the completion of ≤30, 31–60, and >60 cancer operations,
respectively, during the 6-year period.

Statistical analyses

Differences in length of stay between hospital volume
groups were determined using an analysis of variance. For
univariate analysis, a Mantel–Haenszel chi-square test with
ordered categories was performed. A multivariate logistic
regression analysis was used to identify differences in mor-
tality and sphincter preservation in relation to hospital vol-
ume controlling for age, gender, race, ethnicity, and surgery
type. All tests were two-sided and statistical significance
was set at p00.05. Statistical analyses were performed using
the SPSS statistical software program (SPSS® v. 15.0, Chi-
cago, IL, USA).

Results

Demographic comparison

Using the OSHPD database, 7,187 rectal cancer operations
that were performed in 321 hospitals were identified and
subsequently assessed in our study. Patient characteristics
were then compared after stratification into low-, medium-,
and high-volume groups. We found significant differences
in age, race, and ethnicity distributions among patients in
each hospital volume group (Table 1). The low-volume
hospitals had a significantly higher proportion of older and
Hispanic patients and a significantly lower proportion of
Caucasian patients.

Comparison of clinical outcomes

Postoperative morbidity, mortality, and rate of sphincter
preservation were also compared after patients were strati-
fied into volume groups, univariate and multivariate analy-
sis controlling for the aforementioned differences in patient
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populations were then conducted. Raw data showed signif-
icantly higher mortality in low-volume hospitals (2.1 %) as
compared with medium- (1.1 %) and high-volume hospital
(0.9 %, p<0.001; Table 2). Additionally, when volume
groups were further stratified by deciles of hospital volume,
a subset of very high volume hospitals that had much lower
postoperative mortality (0.3 %) was identified. Each of these
institutions performed over 120 rectal cancer operations
during the 6-year study period. The potential association
of demographic factors with postoperative mortality was
then assessed (Table 3). High hospital volume, younger
age, female gender, and sphincter-preserving procedure
were significantly associated with lower mortality by uni-
variate analysis. Hospital volume, age, and gender remained
as independent prognostic factors for determining mortality
by multivariate analysis (Table 3).

High-volume hospitals also performed a higher percent-
age of sphincter-preserving surgery (Table 2). When evalu-
ating the relationship of demographic factors to sphincter
preservation, univariate analysis identified high hospital
volume, younger age, female gender, and non-Hispanic
ethnicity as significant factors associated with sphincter-
preserving procedures. By multivariate analysis, these afore-
mentioned factors as well as non-White race independently

predicted the performance of sphincter-preserving opera-
tions (Table 4). High-volume hospitals have lower percent-
age of co-morbidity about 20 % when compared with 24 and
22 % for medium- and low-volume hospital, respectively,
but these results are not statistically significant.

Discussion

This analysis of the OSHPD database identified significant
differences in surgical outcomes for rectal cancer in the state
of California. We recognized an inverse relationship be-
tween hospital volume and postoperative mortality, though
there were differences in demographic factors between hos-
pital volume groups. This inverse relationship remained
apparent after the effects of age, gender, race, ethnicity,
and surgery type were controlled by multivariate analysis.
Additionally, we identified a subgroup of hospitals with the
highest volume (>20 rectal cancer operations per year) with
the corresponding lowest overall mortality rate (0.3 %). This
low mortality correlated with previously published figures
worldwide. One group in Japan recorded 0 % mortality in
159 patients with rectal cancer operated upon at the Cancer
Institute Hospital,over a 3-year period in Tokyo, Japan [26].
Other large rectal cancer series have reported mortality
between 0 and 3 % following rectal cancer surgery [27,
28]. We also recognized a linear relationship between

Table 1 Comparison of demographic factors between hospital volume
groups

Hospital volume, N (%)

Variables Low Medium High p valuea

Total 2,364 2,686 2,137

Age

<65 828 (39) 1036 (43) 870 (50) <0.001
≥65 1,279 (61) 1,393 (57) 854 (50)

Unknown 257 257 413

Sex

Male 1,118 (56) 1,351 (59) 940 (59) 0.07
Female 865 (44) 935 (41) 647 (41)

Unknown 381 400 550

Race

White 1,461 (80) 1,738 (83) 1,228 (86) <0.001
Black 79 (4) 52 (3) 64 (5)

Asian/Pacific 171 (10) 205 (10) 114 (8)

Others 115 (6) 89 (4) 20 (1)

Unknown 538 602 711

Ethnicity

Hispanic 273 (16) 177 (9) 114 (8) <0.001
Non-Hispanic 1,475 (84) 1,831 (91) 1,256 (92)

Unknown 616 678 767

N number of patients, % percentage of the total number of patients
within the specified hospital volume group
a Chi-square test

Table 2 Outcomes of rectal cancer surgery according to hospital
volume

Hospital volume

Outcome Low Medium High p valuea

Average yearly
case volume

1–5 6–10 11–24

Number of
hospitals

232 65 24

Number of
patients

2,364 2,686 2,137

Mortality,
N (%)

50 (2.1) 29 (1.1) 19 (0.9) <0.001

Complicationsb,
N (%)

524 (22) 644 (24) 430 (20) 0.709

Sphincter
preservationc,
N (%)

1197 (51) 1485 (55) 1361 (64) <0.001

Length of stay,
(days), mean
(SD)

9.7 (7.3) 9.2 (8.1) 8.8 (6.1) <0.001d

N number of patients, % percentage of the total number of patients
within the specified hospital volume group
aMantel–Haenszel chi-square test
b Number of patients who suffered a postoperative complication
c Number of patients who underwent a low anterior resection
d Analysis of variance
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hospital volume and sphincter-preserving surgery. Specifi-
cally, a higher proportion of sphincter-preserving surgery
was performed in high-volume centers. Surprisingly, the rate
of sphincter-preserving surgeries in our study is below that
reported in many other large series from around the globe.
Ricciardi et al. published a large study looking at rates of

sphincter-sparing surgery in the USA over time. The authors
showed that most patients with rectal cancer in the USAwho
were treated with radical surgery between 1988 and 2003
had a colostomy. Interestingly, the proportion of sphincter-
sparing procedures did increase from 26.9 % in 1988 to
48.3 % in 2003, though there has been no significant change

Table 3 Univariate and multi-
variate analysis of the associa-
tions of demographic factors to
the outcome of mortality

LAR low anterior resection, APR
abdominoperineal resection, CI
confidence interval

Univariate Multivariate

Predictor Odds ratio (95 % CI) p value Odds Ratio (95 % CI) p value

Hospital volume

Low 1 1 –

Middle 0.51 (0.32–0.80) 0.003 0.46 (0.27–0.78) 0.004

High 0.42 (0.24–0.71) 0.001 0.45 (0.24–0.84) 0.013

Age

<65 1 1

≥65 5.06 (2.75–9.32) <0.001 4.82 (2.39–9.72) <0.001

Gender

Female 1 1

Male 1.89 (1.16–3.06) 0.009 1.85 (1.12–3.05) 0.017

Race

White 1 1

Non-White 0.73 (0.37–1.39) 0.319 0.83 (0.42–1.64) 0.591

Ethnicity

Hispanic 1 1

Non Hispanic 2.21 (0.81–6.08) 0.114 2.23 (0.80–6.20) 0.124

Type of surgery

LAR 1 1

APR 1.59 (1.06–2.37) 0.023 1.28 (0.81–2.04) 0.289

Table 4 Univariate and multi-
variate analysis of the associa-
tions of demographic factors to
to the rates of sphincter saving

CI confidence interval

Univariate Multivariate

Predictor Odds ratio (95 % CI) p value Odds ratio (95 % CI) p value

Hospital volume

Low 1 1 –

Middle 1.21 (1.08–1.35) 0.001 1.14 (0.99–1.29) 0.054

High 1.71 (1.57–1.93) <0.001 1.63 (1.40–1.89) <0.001

Age

<65 1 1

≥65 0.84 (0.76–0.92) <0.001 0.84 (0.75–0.95) 0.004

Gender

Female 1 1

Male 0.87 (0.78–0.97) 0.009 0.88 (0.78–0.98) 0.020

Race

White 1 1

Non-White 1.12 (0.97–1.29) 0.131 1.20 (1.04–1.39) 0.019

Ethnicity

Hispanic 1 1

Non-Hispanic 1.46 (1.22–1.74) <0.001 1.45 (1.22–1.74) <0.001
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in the rate of sphincter-sparing surgery after 1999. This
study also showed that the care of rectal cancer in the
USA does not achieve the quality reported by our European
colleagues, where rectal cancer care has been increasingly
regionalized [29]. We therefore propose that our study rep-
resents the current overall rates of sphincter-preservation in
the USA, or at least in California. This rate appears to have
changed little since 2002–2004 when another study done by
the same author used the hospitals discharge data from 21
states across the USA. This study examined the factors that
are associated with the high rate of nonrestorative proctec-
tomy with colostomy performed in greater than 60 % of all
patients with rectal cancer [30].

Comparison of volume groups revealed several notable
differences and univariate and multivariate analyses identi-
fied clinical factors that were associated with inferior surgi-
cal outcomes. Elderly individuals (i.e., >65 years of age)
had higher postoperative mortality and lower rates of
sphincter preservation (Tables 3 and 4). We postulate that
a lower rate of sphincter-preserving surgery in the elderly
may reflect the surgeon’s selection of fecal diversion in
patients with higher risk for fecal incontinence [31, 32].

Male gender was also associated with higher postopera-
tive mortality and lower rates of sphincter-preserving sur-
gery [33, 34]. These outcomes may be secondary to
technically demanding low anterior resection in the male
pelvis resulting in lower rates of sphincter preservation [35].
Accordingly, our study identifies hospital volume as a con-
tributing factor to improved surgical outcomes in higher-
volume institutions and implicates additional factors that
may have importance in a volume-to-outcome relationship.
These factors likely include other patient demographic char-
acteristics within each hospital volume category.

Interestingly, despite the differences in mortality, there
was no significant difference in surgical morbidity (P value,
0.709) when comparing the different volume groups 20, 24,
and 22 % for high-, medium-, and low-volume hospital,
respectively. These results are interesting but must be inter-
preted with some degree of caution. One explanation is that
in a group with lower rates of anastomotic creation, one
would expect a lower rate of anastomotic complications.
Additionally, prior studies have documented the weakness
of administrative data to accurately report postoperative
complications when using ICD-9-CM complication codes
[36, 37]. In contrast, the reporting of postoperative deaths or
mortality in the OSPHD database is mandatory.

There are a limited number of studies comparing short-
term surgical outcomes and their relationship to hospital
volume in rectal cancer. Hodgson et al. analyzed the Cal-
ifornia Cancer Registry in patients with rectal and rectosig-
moid cancers and identified improved 30-day mortality and
lower colostomy rates in higher-volume institutions [15].
The results of our study corroborate this data; however, we

excluded patients with rectosigmoid cancers because the
inherent risks of surgical morbidity and mortality are dis-
tinctly less than for rectal cancers. In contrast, a study by
Schrag et al., utilizing the SEER-Medicare database did not
identify a statistical difference in 30-day mortality according
to hospital volume in patients greater than 65 years of age
[13]. Their disparate results may be secondary to a smaller
cohort of patients who were also age restricted according to
Medicare criteria.

Our study does have limitations inherent to use of the
OSHPD database. Given its administrative nature, the data-
base does not allow for true risk stratification. As such, the
comparisons of co-morbidities were absent which may limit
the subsequent comparisons in patient mortality. Further-
more, OSHPD does not collect clinical data such as tumor
size, stage, tumor distance from the anal sphincter, or the use
of adjuvant radiation or chemotherapy all of which may
impact the selection of a sphincter-preserving procedure.
Additionally, surgeon-specific volume could not be evaluat-
ed in this study given the database limitations. However,
hospital volume alone appears to be an appropriate surro-
gate for surgeon volume in colorectal resections [38].

In conclusion, our study suggests that high-volume cen-
ters have improved outcomes for rectal cancer surgery re-
garding lower mortality and increase rates of sphincter-
preserving surgery. However, additional studies are neces-
sary to fully categorize clinical and pathologic factors that
may impact differences in outcome.
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