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ABSTRACT

Background. The purpose of this study was to describe
hospital and geographic variation in 30-day risk of surgical
complications and death among colorectal cancer (CRC)
patients and the extent to which patient-, hospital-, and census-
tract-level characteristics increased risk of these outcomes.
Methods. We included patients at least 66 years old with
first primary stage I-III CRC from the 2000-2005 National
Cancer Institute’s Surveillance, Epidemiology, and End
Results data linked with 1999-2005 Medicare claims. A
multilevel, cross-classified logistic model was used to account
for nesting of patients within hospitals and within residential
census tracts. Outcomes were risk of complications and death
after a complication within 30 days of surgery.

Results. Data were analyzed for 35,946 patients under-
going surgery at 1,222 hospitals and residing in 12,187
census tracts; 27.2 % of patients developed complications,
and of these 13.4 % died. Risk-adjusted variability in
complications across hospitals and census tracts was sim-
ilar. Variability in mortality was larger than variability in
complications, across hospitals and across census tracts.
Specific characteristics increased risk of complications
(e.g., census-tract-poverty rate, emergency surgery, and
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being African-American). No hospital characteristics
increased complication risk. Specific characteristics
increased risk of death (e.g. census-tract-poverty rate,
being diagnosed with colon (versus rectal) cancer, and
emergency surgery), while hospitals with at least 500 beds
showed reduced death risk.

Conclusions. Large, unexplained variations exist in mor-
tality after surgical complications in CRC across hospitals
and geographic areas. The potential exists for quality
improvement efforts targeted at the hospital and/or census-
tract levels to prevent complications and augment hospi-
tals’ ability to reduce mortality risk.

Colorectal cancer (CRC) is the second leading cause of
cancer deaths in the United States.' Elderly CRC patients
are more likely to die than younger patients, especially
during the 30-day perioperative period.>® Wide variations
in mortality rates across both hospitals and geographic
areas suggest that safety and quality of cancer surgery
could be improved, but quality improvement efforts are
currently hampered by limited understanding of the reasons
for such variability.” To reduce 30-day mortality rates,
many organizations, including the Centers for Medicare
and Medicaid Services (CMS) and the Agency for
Healthcare Research and Quality, have focused quality
improvement efforts to reduce complications. However,
hospitals with high complication rates do not necessarily
have high mortality rates.® Alternately, hospitals with high
complication rates but low mortality rates may be
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implementing successful interventions while hospitals with
high mortality rates may not be as proficient at recognizing
and managing serious complications once they occur.’
Little is known about factors contributing to increased
risk of death after surgical complications.'® Identification
of factors underlying observed variations may assist with
identifying high-risk groups and opportunities to improve
surgical outcomes, thus reducing postoperative mortality.
Improving outcomes and reducing mortality are key
objectives in CRC surgical management, particularly
among elderly patients, those with comorbidities, or others
at high risk. Little research has comprehensively evaluated
hospital, patient, tumor, and neighborhood characteristics
associated with risk of death after complications.'"?
Accordingly, in this study we asked two questions. First,
we sought to describe variation in risk of CRC surgical
complications and also death after complications across
hospitals and geographic areas. Secondly, we wished to
examine the extent to which patient sociodemographic,
tumor, treatment, hospital, and neighborhood characteris-
tics were associated with increased likelihood of surgical
complications and also death after complications.

METHODS
Data Sources

We used 2000-2005 National Cancer Institute Surveil-
lance, Epidemiology, and End Results (SEER) data linked
with 1999-2005 Medicare claims. Of SEER cancer patients
aged 65 years or older, 94 % are linked with Medicare
data."® These data provide a rich source of information on
Medicare patients included in the SEER population-based
cancer registries.'? This study included data from 12 SEER
registries, representing about 14 % of the US population.
The study was reviewed and determined to be exempt from
Institutional Review Board (IRB) oversight.

Study Population

We selected patients 66 years of age or older with a first
primary invasive stage [-III CRC who had surgery between
2000 and 2005 with both Medicare Parts A and B. We
included patients at least 66 years of age to allow for
1 year of complete claims data prior to diagnosis to
determine comorbidity. Definitive CRC surgery (e.g.
colectomy, proctectomy) was measured by searching
inpatient, outpatient, and carrier claims using Healthcare
Common Procedure Coding System (HCPCS) and/or
International Classification of Diseases (version 9) codes.'*
The date of the most extensive surgery was defined as the
surgery date. We excluded patients with only autopsy or

death certificate records of their cancer diagnosis and
health maintenance organization members because claims
are not available for the latter groups.

Outcomes

Our retrospective cohort study used two outcomes: (1)
incidence of complications (e.g. postoperative pneumonia,
surgical-site infection, deep vein thrombosis) within
30 days following CRC surgery identified from Medicare
data using a previously developed algorithm and (2) all-
cause mortality within 30 days following surgery among
patients with one or more complications.'> The complica-
tions algorithm was developed by clinical experts and
consists of ICD-9 diagnosis and procedure codes repre-
senting CRC resection complications and their treatment,
including reoperations. Deaths occurring within 30 days of
surgery, prior to and after discharge, were included and
identified using Medicare data because SEER only includes
month and year of death.”'*!%1¢

Covariates

We included covariates based on their association with
incidence of complications, 30-day mortality, and a quality of
care conceptual model.'”~' Patient sociodemo graphic and area
characteristics included sex, race, comorbidity, dual eligibility
for Medicare and Medicaid, age, census-tract poverty rate, and
diagnosis year. To measure comorbidity (classified as none,
one, or two or more), we searched for multiple chronic condi-
tions occurring 1-12 months prior to diagnosis using the
Charlson comorbidity index, Klabunde adaptation.”” Dual eli-
gibility was defined as Medicaid eligibility for at least 1 month
during the year before diagnosis as proxy for low income.
Percentage of the population living in poverty in the census-
tract of the patient’s residence at diagnosis was obtained from
the 2000 Census. Hospital characteristics where surgery
occurred included number of hospital beds and teaching hos-
pital or not, obtained from the CMS Healthcare Cost Report and
Provider of Service files. Tumor characteristics included
American Joint Commission on Cancer (AJCC) stage, grade,
location, and histology. Tumor location was classified as
proximal colon (cecum, ascending), transverse colon (hepatic
flexure, transverse colon, splenic flexure), distal colon
(descending and sigmoid colon), or rectosigmoid junction or
rectum. Treatment characteristics within 30 days included
emergency surgery and type of surgery.'**"*

Statistical Analysis
A Bayesian multilevel, cross-classified logistic model

was used to account for nesting of CRC patients within
hospitals and within patient residential census tract to
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obtain geographic variability.”> Cross-classified models
allow patients to be nested within multiple separate, and
unrelated, grouping “levels.” This structure allows patients
from the same tracts to be treated at different hospitals and
the same hospitals to treat patients from different tracts.
Adjusted odds ratios and 95 % confidence intervals were
calculated based on all variables entered into multivariable
models. Model fit was based on Deviance Information
Criterion (DIC), with lower values indicating better fit. The
cross-classified Bayesian analysis was performed using
WinBUGS (version 1.4.3). After 5000 burn-in iterations,
5000 additional iterations were kept for parameter
estimates.

We calculated median odds ratio (MOR) to facilitate
interpretation of the variance across tracts and hospitals on
a scale directly comparable to odds ratios associated with
other variables in the model.** The MOR is based on the
random effects variance component (V) from the regression
model: MOR = exp(0.95\/V). It can be interpreted as the
median value of the ratio of predicted odds of the outcome
for two patients randomly selected from different tracts (or
hospitals) with equivalent covariates. If the MOR equals 1,
it indicates no variation in outcome across tracts or hos-
pitals. We obtained standard errors of census-tract-level
and hospital-level variances to compute 95 % credible
interval for MORs using Markov Chain Monte Carlo
methods.

We calculated census-tract-level predicted values for
both outcomes to describe geographic variability for tracts
with at least six patients. Similarly, we calculated hospital-
level predicted values for both outcomes to describe vari-
ability by randomly selecting ten hospitals each from
hospitals groups by patient volume: 20—49 or 50 or more.
Hospital-level and census-tract level predicted values were
computed from multivariable models by averaging patient-
level predicted probabilities for all patients residing in a
census tract/treated at a hospital.

We calculated population attributable risk of death for
all complications to characterize the clinical impact of each
complication on risk of death. Population attributable risk
is based on incidence of a complication and associated risk
of death.”” Attributable risk estimates were calculated
using winPEPI.*

RESULTS

Data included 35,946 patients undergoing CRC partial,
subtotal, or total colectomy at 1,222 hospitals and residing
in 12,187 census tracts. Most were white, not dual enrolled
in Medicaid, younger than 85, and lived in census tracts
with less than 10 % poverty rate (Table 1). Overall, 4.8 %
of patients died. Of all patients, 10,001 (27.2 %) developed

at least one complication; 65.8 % of these only during
surgery hospitalization, 18.2 % only after discharge, and
16.0 % both during and after hospitalization. Of those with
complications, 13.4 % (95 % CI 12.7-14.1) died. Of those
who died after a complication within 30 days of surgery,
73.0 % died during CRC surgery hospitalization.

Risk Factors for Complications and Death After
Complications

Characteristics independently associated with increased
risk of complications (Table 1) included being male, hav-
ing comorbid conditions, receiving Medicaid, age 75 or
older, more recent CRC diagnosis, lower surgeon case
load, stage II or III diagnosis, undifferentiated tumors,
emergency surgery, and total proctocolectomy. Patients of
other races than white or African-American were less
likely to develop complications. No hospital characteristics
were significantly associated with risk of complications.

Characteristics of CRC patients with one or more com-
plications at increased risk of dying within 30 days of
surgery included living in census tracts with >10 % poverty
rate, being male, older, stage II or Il diagnosis, having
undifferentiated tumors, colon (vs. rectal) cancer diagnosis,
and having emergency surgery (Table 1). Patients diagnosed
in 2005 and those with surgery at hospitals with at least 500
beds had a reduced risk of death after complications. Tumor
location was not associated with complication risk but did
increase the risk of death after a complication.

Characteristics increasing risk of complications but not
death after complications included having comorbid con-
ditions and being dual enrolled in Medicaid.

Census-Tract and Hospital Variability

Statistically significant geographic (census-tract) vari-
ability in risk of complications (0.09) was present across
census tracts, but risk-adjusted geographic variability was
six times larger (0.56) for death after complications
(Table 2). The MOR for census-tract variability in com-
plications was 1.34, indicating that the odds of
complications were greater than 1.34 for 50 % (median) of
2 randomly selected tracts. Hospital variability in compli-
cation risk (0.08) was small and the same as census-tract
variability. Hospital variability in death after complications
(0.16) was two times larger than hospital variability in
incidence of complications (0.08). The MOR of 1.45 (95 %
CI 1.33-1.58) indicates that the odds of death after com-
plications was greater than 1.45 for 50 % of 2 randomly
chosen hospitals. However, geographic variability in death
after complications (0.56) was much larger than hospital
variability in death after complications (0.16). Geographic
and hospital variability remained in multivariable models,
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TABLE 1 Characteristics of the study population of colorectal can-

cer patients,

adjusted risk of development of post-operative

complications and death among with at least one complication

Complication 30-Day postoperative
(n = 35,946) mortality

(n = 10,001)
% aOR 95% CI % aOR 95 % CI

Sociodemographic characteristics

Poverty rate (%)
<10
10-19
20+
Sex
Male
Female
Race
White
African-American
Other
Comorbidity
0
1
2+
Medicaid
Yes
No
Age
66-74
75-84
85+
Year
2000
2001
2002
2003
2004
2005

58.5
254
15.6

42.7
57.4

86.3
7.1
6.6

43.0
29.3
27.7

15.9
86.1

35.7
458
18.6

16.3
16.8
16.8
17.5
16.8
15.8

1.00
1.06
1.06

1.15
1.00

1.00
1.09
0.70

1.00
1.39
2.31

1.38
1.00

1.00
1.41
2.15

1.00
1.06
1.06
1.13
1.19
1.13

1.00
0.98

1.09

0.98
0.62

1.31
2.17

1.29

1.33
2.01

0.96
0.96
1.04
1.09
1.03

Hospital and surgeon characteristics

Beds
1-199
200-349
350499
500+

Teaching
Yes
No
Unknown

Surgeon case load
<21
21-38 1
39-69

25.2
28.6
23.8
224

49.7
354
14.9

229
22.7
22.1

1.00
1.00
1.03
1.06

1.00
1.00
0.89

1.14
1.08
0.97

0.91
0.93
0.94

0.92
0.89

1.05
0.99
0.90

1.14
1.15

1.21

1.21
0.78

1.48
2.45

1.49

1.49
2.31

1.16
1.16
1.24
1.30
1.23

1.09
1.14
1.19

1.09
1.09

1.23
1.17
1.05

56.0
26.1
17.4

1.00
1.21
1.25

1.03
1.02

1.42
1.53

43.8
56.2

1.42
1.00

1.24 1.63

85.7
8.5
5.8

1.00
0.87
0.85

0.67
0.62

1.14
1.16

31.7
29.0
39.3

1.00
1.09
0.97

0.93
0.83

1.29
1.14

20.8
79.2

0.95
1.00

0.80 1.13

27.7
46.4
259

1.00
1.57
3.04

1.30
2.50

1.89
3.71

15.4
16.4
16.3
17.7
17.8
16.4

1.00
0.97
0.85
0.85
0.83
0.75

0.77
0.67
0.68
0.67
0.60

1.22
1.08
1.06
1.05
0.95

25.0
28.5
23.6
229

1.00
0.89
0.90
0.80

0.72
0.71
0.61

1.08
1.13
1.05

49.8
355
14.7

1.00
1.16
1.24

0.96
0.98

1.40
1.57

24.9
233
20.8

1.21
1.06
1.10

0.98
0.86
0.88

1.50
1.31
1.37

TABLE 1 continued

Complication 30-Day postoperative
(n = 35,946) mortality
(n = 10,001)
% aOR 95 % ClI % aOR 95 % CI
70+ 23.0 1.00 21.2 1.00
Unknown 9.5 9.8
Tumor characteristics
AJCC stage
| 26.4 1.00 21.8 1.00
I 399 1.28 1.19 1.36 435 1.70 1.33 1.86
I 337 1.20 1.12 1.29 34.8 1.52 1.24 1.86
Grade
Well 8.8 1.00 8.3 1.00
differentiated
Moderately 68.1 1.00 091 1.09 67.5 097 0.74 1.27
Poorly 18.7 1.05 094 1.16 19.7 1.23 091 1.65
Undifferentiated 1.0 1.33 1.03 1.72 1.2 142 0.77 2.60
Unknown 35 1.03 087 1.21 3.3 093 0.59 1.47
Location
Proximal colon 40.7 0.79 0.72 0.87 38.6 143 1.09 1.87
Transverse colon 154 0.96 0.87 1.06 16.8 1.47 1.11 1.93
Distal colon 25,5 1.02 094 1.11 27.0 1.59 1.25 2.03
Rectal 18.4 1.00 17.6 1.00
Histology
Mucinous 86.6 1.00 86.0 1.00
adenocarcinoma
Other 129 1.02 094 1.10 134 1.03 0.85 1.24
adenocarcinoma
Non-adeno/ 0.5 1.34 097 1.87 0.7 1.07 0.52 222
unknown
Treatment characteristics
Emergency surgery
Yes 222 2.16 2.04 229 339 1.69 148 1.94
No 77.8 1.00 66.2 1.00
Type of surgery
Partial colectomy 43.2 1.00 42.8 1.00
Subtotal 55.7 1.03 0.97 1.11 52.5 0.89 0.76 1.05
colectomy/
hemicolectomy
Total (procto) 4.1 131 1.16 1.50 4.7 1.10 0.78 1.56

colectomy

aOR adjusted odds ratio, 95 % CI 95 % confidence interval

suggesting that none of the covariates (including hospital
characteristics) accounted for census-tract or hospital var-
iability in either outcome.

Among the 41 tracts with at least six patients, the observed
percentage of patients dying after complications ranged from
0.0 t0 50.0 % (mean 12.7 %; median 14.3 %). For 17 of 41
tracts, the observed percentage was higher than predicted,
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TABLE 2 Adjusted census-tract variability and hospital variability
in postoperative complications and 30-day postoperative mortality
among colorectal cancer patients

Complication 30-day postoperative mortality
Parameter 95 % CI ~ Parameter 95 % CI
Census-tract variability
Variance 0.09 0.06 0.12 0.56 0.28 0.83
MOR 1.34 1.28 1.40 2.03 1.67 2.39
Hospital variability
Variance 0.08 0.06 0.10 0.16 0.09 0.23
MOR 1.31 1.27 135 145 1.33 1.58

MOR median odds ratio, 95 % CI 95 %confidence interval

indicating that patients living in these tracts did worse than
expected controlling for covariates. For 24 of 41 tracts, the
observed percentage was lower than predicted, indicating
that patients in these tracts did better than expected.

Among the 30 hospitals with at least 20 patients, the
observed percentage of patients who died after complica-
tions ranged from 3.2 to 30.0 % (mean 13.2 %; median
13.0 %). For 15 of 30 hospitals, the observed percentage
was higher than predicted, indicating that patients treated at
these hospitals did worse than expected controlling for
covariates. For 15 of 30 hospitals, the observed percentage
was lower than predicted, indicating that patients treated at
these hospitals did better than expected.

Types of Complications and Death After Complications

The most common complications were pulmonary
(12.0 %, pneumonia and pulmonary failure combined),
infections other than surgical-site and pulmonary infections
(11.6 %), and surgical-site infections (7.6 %) (Table 3). At
least 20 % of patients died after developing pulmonary,
metabolic, or cardiac complications. Of the two types of
pulmonary complications, 29.7 % died following postoper-
ative pulmonary failure and 16.8 % died after postoperative
pneumonia. The attributable risk of death was highest for
pulmonary complications (47.9 %), suggesting that pre-
venting pulmonary complications might in turn decrease
mortality. Other complications with high attributable risks
were postoperative pulmonary failure (38.9 %) and infec-
tions other than pulmonary infections and surgical-site
complications (25.6 %). Risk of death increased dramati-
cally with increasing number of complications (Fig. 1).

DISCUSSION
This population-based study describes risk of complica-

tions, risk of death after complications, and associated
geographic and hospital variability following CRC surgery

TABLE 3 Types of complication associated with 30-day postoperative
mortality in colorectal cancer patients, SEER-Medicare data, 2000-2005

Type of No. No. 30-day AR, %
complication CRC deaths mortality, % 95 % CI)
patients 95 % CI)
Postoperative 2,515 748  29.7 (28.0-31.5) 38.9 (36.6-41.1)
pulmonary
failure®

Infection other than 4,159 593
surgical-site and
pulmonary
infections®

14.3 (13.2-15.3) 25.6 (23.2-28.0)

Postoperative 2,548 429 16.8 (15.4-18.3) 19.0 (17.0-21.1)

pneumonia®
Metabolic,
physiologic®
Cardiac (MI or 816 194
cardiogenic
shock)®
Surgical-site
infection™®
Deep vein 1,071 115
thrombosis,
pulmonary
embolism®
Hemorrhage 186 26
(postoperative
hemorrhage,
splenectomy)?®

Neurologic® 62 33

1,366 328 24.0 (21.8-26.3) 15.7 (14.1-17.5)

23.8 (20.9-26.7) 9.1 (7.8-10.5)

2,722 262 9.6 (8.5-10.7) 8.2 (6.5-10.0)

10.7 (8.9-12.6) 3.8 (2.7-5.0)

14.0 (9.0-19.0)

1.0 (0.5-1.6)

53.2 (40.8-65.7)
19.7 (10.5-29.0)

1.7 (1.3-2.2)
Hospital-acquired 71 14 0.6 (0.3-1.1)

injury®

Patients may have more than 1 complication
95 % CI 95 %confidence interval, AR, population attributable risk

? p < 0.01 for comparison of 30-day mortality between patients with and
those without specific complications

® Surgical-site infections include inflammation, fistula, drainage of post-
operative infection, operative debridement of wound complications,
reopening surgical site, reclosure of dehiscence/hernia, fecal diversion,
and bowel resection or repair

while integrating sociodemographic, clinical, tumor, treat-
ment, hospital, and geographic characteristics. Our study is
the first to demonstrate that variability of patient’s residential
location plays a much larger role in risk of death after CRC
surgery complications than hospital variability. Thus,
regardless of where they were treated and the types of sur-
gical treatment received, the experience of the surgeon, and
clinical, tumor, and patient characteristics, CRC patients
were at greater risk of death within 30 days following sur-
gery if they lived in areas with worse economic conditions.
Thus, in order to reduce risk of death after complications, it
becomes important to take into account the residential
location of patients upon discharge, particularly in census
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tracts where patients experienced higher than expected
mortality. Future studies should identify reasons for this
large geographic variation beyond factors included in this
study. Interventions should focus on reducing geographic
variability since characteristics of areas where CRC patients
live are out of the control of hospitals and may help explain
apparent differences in outcomes following complications.

Notably, patient-level factors associated with death after
complications were different from factors associated with
risk of complications. Death after complications was pri-
marily associated with adverse tumor characteristics
(advanced stage, poor or undifferentiated grade, and colon
tumors), age 75 or older, and male gender.’ Patients with
complications treated in hospitals with at least 500 beds
were less likely to die within 30 days after complications,
consistent with other studies.”” African-Americans and
dual-enrolled Medicaid patients were at increased risk of
developing complications, but not in risk of death after
complications. Racial disparities were also absent in other
studies examining short-term mortality.?’

Hospital variation in death after complications was
much larger than hospital variation in risk of complica-
tions, consistent with other studies.'' Hospital variability in
death was not explained by our measured covariates, sug-
gesting that quality of care may play a role. Quality of care
may be improved by implementing multidisciplinary
patient management (geriatricians or hospitalists in addi-
tion to surgeons), interventions shown to be effective in
other types of surgery; reducing patient-to-nursing ratio;
enhancing recovery after surgery; and implementing elec-
tronic medical records (EMR) models.?$34 Recently,

“enhanced recovery after surgery” or “fast-tracking” ini-
tiatives (e.g. perioperative and postoperative interventions,
improving patient education, preoperative nutrition, and
pain management, so patients can be mobilized and resume
normal diets earlier) designed to attenuate surgery stress
and enable rapid recovery, reduced incidence of compli-
cations but not mortality.’*>> With increasing EMR use,
validated models could identify high-risk patients for evi-
dence-based interventions such as multidisciplinary
management.>* However, this may not be feasible in
smaller low-resource hospitals.

As previously reported, adverse pulmonary events were
the most common complication.” Respiratory complica-
tions (including pulmonary failure and infections) were
associated with higher 30-day mortality risk. Hospitals
with higher rates of death after complications might focus
on aggressive management of these high-risk complica-
tions with fluid management and early mobilization
interventions.*®"” Greater surveillance among patients at
increased risk of death following complications and rapid
and appropriate intervention might increase the likelihood
of survival.*® Alternatively, hospitals could focus on pre-
venting pulmonary and other high-mortality complications,
such as interventions to reduce ventilator-assisted
pneumonia.”

Study strengths include integrating multiple patient,
tumor, geographic, hospital, and treatment factors into a
single model estimating both hospital and geographic
variability. However, our sample included only fee-for-
service Medicare-insured patients, limiting generalizabil-
ity. Also, claims data likely underreport complications;
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thus true incidence and attributable risk may be higher.*’ In
some instances it may be impossible to tell if a surgical-site
infection is reported because the patient is in the hospital,
or if the patient is in the hospital because of the surgical-
site infection. Clinical and laboratory variables were not
available. Serum albumin, creatinine, and inflammatory
markers might explain observed variations, if they varied
across hospitals or tracts.’**'**> We also could not measure
preoperative physical status, which is associated with 30-
day mortality.>*+!'=*

In conclusion, we identified large, unexplained variation in
30-day mortality after CRC surgery, across hospitals and
especially geographic areas. These results suggest significant
potential for hospital- and/or geographically targeted quality
improvement efforts to prevent complications and augment
hospitals’ ability to rescue patients after complications.
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