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Background: This study was designed to investigate the early
outcomes after surgical treatment of malignant large bowel obstruc-
tion (MBO) and to identify risk factors affecting operative mortality.
Methods: Data were prospectively collected from 1046 patients
with MBO by 294 surgeons in 148 UK hospitals during a 12-month
period from April 1998. A predictive model of in-hospital mortality
was developed using a 3-level Bayesian logistic regression analysis.
Results: The median age of patients was 73 years (interquartile
range 64–80). Of the 989 patients having surgery, 91.7% underwent
bowel resection with an overall mortality of 15.7%. The multilevel
model used the following independent risk factors to predict mor-
tality: age (odds ratio �OR� 1.85 per 10 year increase), American
Society of Anesthesiologists grade (OR for American Society of
Anesthesiologists grade I versus II,III,IV-V � 3.3,11.7,22.2),
Dukes’ staging (OR for Dukes’ A versus B,C,D � 2.0, 2.1, 6.0), and
mode of surgery (OR for scheduled versus urgent, emergency � 1.6,
2.3). A significant interhospital variability in operative mortality was
evident with increasing age (variance � 0.004, SE � 0.001, P �
0.001). No detectable caseload effect was demonstrated between
specialist colorectal and other general surgeons.
Conclusions: Using prognostic models, it was possible to develop a
risk-stratification index that accurately predicted survival in patients
presenting with malignant large bowel obstruction. The methodol-
ogy and model for risk adjusted survival can set the reference point

for more accurate and reliable comparative analysis and be used as
an adjunct to the process of informed consent.

(Ann Surg 2004;240: 76–81)

Malignant large bowel obstruction (MBO) is a high-risk
condition, which occurs in 15% of patients presenting

with colorectal cancer.1,2 It is associated with a high postop-
erative morbidity and mortality and has a poor 5-year surviv-
al.3,4 Population studies5,6 have shown that 25% of all post-
operative deaths after surgery for bowel cancer occur in
patients who present with bowel obstruction. It therefore
provides an ideal condition in which to study the general
problem of quantifying surgical risk according to case-mix,
including the preoperative morbid state of the patient. There
is increasing emphasis on objective assessment and transpar-
ency of clinical outcomes with the intention of comparison
between hospitals and clinicians.7,8 Such assessments can be
truly objective only if careful adjustment for patient risk
factors is undertaken.

The present study was set up by the Association of
Coloproctology of Great Britain and Ireland to investigate the
results of surgery for malignant large bowel obstruction and
to present broad, overall benchmarks by which future stan-
dards may be set. The study was also used to identify risk
factors that determine postoperative survival of patients with
MBO and to develop a risk-stratification system to be used as
an adjunct to the process of informed consent.

METHODS
The MBO study was undertaken during a 1-year period

from April 1998 to March 1999. The participating surgeons
and their teams, who joined the study on a voluntary basis,
collected prospective data locally. A 2-side A4 proforma was
used to collect data, which included demographic details,
preoperative assessment and clinical staging, the nature of
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surgical treatment, postoperative course, and pathology. Pro-
formas were returned centrally and data entered into a Mi-
crosoft Access 2000 (Microsoft Corporation, Redmond, WA)
database for analysis.

Target Population
Patients undergoing surgery for MBO, including pal-

liative or diagnostic procedures, using general or regional
anesthesia. MBO was defined as clinical or radiologic evi-
dence of distended large and/or small bowel secondary to
colorectal cancer and presenting as an emergency.

Outcomes
Primary outcome was in-hospital postoperative mortal-

ity, defined as death during the same hospital admission as
the operation, regardless of cause. Secondary outcome in-
cluded the length of hospital stay measured in days and
defined as the time from the date of the main operative
procedure to the discharge date or death. The patient and
procedural risk-factors included: (1) age; (2) gender; (3)
American Society of Anesthesiologists (ASA) grade; (4)
surgical procedure categorized according to the OPCS4 sys-
tem;9 (5) operative urgency classified as emergency, urgent,
scheduled or elective according to the National Confidential
Enquiry into Perioperative Deaths (NCEPOD) classifica-
tion;10 (v6) cancer staging according to the clinical findings
and histologic Dukes’ classification for Colorectal cancer;11 (7)
timing of surgery during a twenty 4 hour period; (8) whether the
cancer was excised; (9) grade of operating surgeon (10) consul-
tant ACPGBI membership. Each risk-factor was assigned a
“reference” category which represents the subcategory with the
lowest impact on in-hospital mortality (odds ratio of 1): eg, age
� 65 years for “age group” or scheduled surgery for “operative
urgency” as shown in Table 1.

Statistical Analysis
Unifactorial logistic regression was used to identify risk

factors for in-hospital operative mortality. Continuous vari-
ables such as age were categorized into appropriate sub-
groups representing age strata of increasing operative risk. A
three-level hierarchical logistic regression model was used
for identifying independent risk factors of operative mortality
and their interactions terms, as well as adjusting for the
clustering of adverse outcomes within individual hospitals.
The initial model estimates were derived using a second order
penalized quasi likelihood estimation.12 Subsequently, a
Bayesian approach was used, utilizing diffuse priors (Gamma
(�,�) prior distribution, where � was set to 0.001) and the
Gibb’s resampling method with 50,000 iterations to calculate
confidence limits and to correct bias in the parameter estima-
tion.13 The probability of operative mortality (log it yijk) of

patient i, operated by surgeon j, in hospital k was calculated
using by the equation shown in Figure 1.

This technique provided separate risk-models and pre-
diction lines to fit each individual surgeon at each hospital. A
special weighted average of these models, so called “random
effect” model was then used to derive the composite MBO
model. The performance of the MBO model was evaluated by
measures of calibration, discrimination and subgroup analy-
sis. Calibration or goodness-of-fit refers to the ability of the
model to assign the correct probabilities of outcome to
individual patients and was measured by the Hosmer-Leme-
show statistic.14 Model discrimination refers to the ability of
the model to assign higher probabilities of death to patients
who actually die compared with those who live. This was
measured by the area under the receiver operator character-
istic curve or c-index.15 The ratio of the observed to expected
operative mortality rate for each unit was multiplied by the
mean overall operative mortality from the pooled data from
all hospitals to derive the unit risk-adjusted operative mor-
tality rate.

Software
The following statistical software packages were used

to develop the risk model: “Statistical Package for the Social
Sciences” version 11 for Windows (SPSS, Chicago, IL),
MLwiN Version 1.2 (University of London), and WinBUGS
Version 1.4 (Imperial College & MRC, UK).

RESULTS

Patients, Surgeons and Hospitals in the Study
A total of 294 surgeons from 148 hospitals contributed

1046 cases to the study. Data analysis was based on 989
(94.6%) of 1046 patients satisfying the inclusion criteria.
Excluded from the analysis were patients managed without
surgery (n � 13) and patients whose operative mortality was
not recorded (n � 44; 0.4%).

The median number of cases per center was 6 (range 1
to 41) and the median number of cases per consultant was 3
(range 1 to 19). The average age of male patients was 69.7
years (range 21 to 93 years) and of female patients 72.9 years
(range 22 – 99). The median length of hospital stay was 14
days (range 1–141 days). Demographic characteristics and
postoperative mortality for the various patient related risk
factors are shown in Table 1 with their unadjusted odds ratios
calculated relative to each risk factor’s reference category.

The Relationship Between Age and In-Hospital
Mortality

This is shown in Figure 2 for scheduled and urgent
procedures among individual units. The hierarchical regres-
sion model provided individual prediction lines for each
hospital with different gradients and intercepts on the verti-
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cal-axis. The median regression line for the study population
was superimposed on the prediction lines for individual
hospitals. Increasing age was shown to be associated with a

higher operative mortality among the strata of operative
urgency, with adjusted odds ratio of 1.85 per 10 years
increase in age, confidence interval 1.52–2.26.

TABLE 1. Patient Demographic Characteristic and Univariate and Multivariate Analysis for Prediction of Operative Mortality
for Patients Presenting With Malignant Large Bowel Obstruction Model

Variable Subgroup

Number of
patients

(% of total)

Postoperative
Deaths n �

(% mortality)

Unadjusted
Odds ratio

(OR)*

95% (CI) for
unadjusted

OR*
Adjusted

Odds ratio*
95% CI for

adjusted OR*

Age (years) �65 258 (26.1) 14 (5.4) 1 1

65–7 297 (30.0) 39 (13.1) 2.63 1.40–1.98 2.97 1.26–7.08

75–84 301 (30.4) 66 (21.9) 4.89 2.67–8.94 4.31 1.83–10.05

�85 126 (12.7) 34 (27.0) 6.44 3.30–12.54 5.87 2.27–15.14

Missing 7 (0.7) 2 (28.6)

Gender Male 478 (48.3) 68 (14.2) 1

Female 510 (51.6) 86 (16.9) 1.22 0.86–1.73

Missing 1 (0.1) 1 (100)

ASA I 117 (11.8) 3 (2.6) 1 1

II 423 (42.8) 32 (7.6) 3.11 0.94–10.34 3.32 0.73–15.18

III 297 (30.0) 71 (23.9) 11.93 3.68–38.72 11.73 2.58–53.36

IV–V 91 (9.2) 39 (42.9) 28.49 8.42–96.42 22.33 4.58–109.68

Missing 61 (6.2) 10 (16.4)

Dukes’ staging A 22 (2.2) 2 (9.1) 1

B 339 (34.3) 37 (10.9) 1.23 0.28–5.45 1.98 0.35–11.08

C 328 (33.2) 40 (12.2) 1.39 0.31–6.17 2.04 0.36–11.53

D 247 (25) 58 (23.5) 3.07 0.70–14.52 5.95 1.04–33.94

Missing 53 (5.4) 18 (34.0)

Operative urgency Scheduled 391 (39.5) 50 (12.8) 1 1

Urgent 460 (46.5) 79 (17.2) 1.71 1.01–2.87 1.55 0.93–1.80

Emergency 130 (13.1) 26 (20.0) 1.41 0.96–2.07 2.30 1.14–4.60

Missing 8 (0.8) 0 (0.0)

Time of day 08:00–17:00 670 (67.7) 99 (14.8) 1

1700–24:00 241 (24.4) 45 (18.7) 1.32 0.90–1.95

24:00–08:00 33 (3.3) 3 (9.1) 0.57 0.17–1.93

Missing 45 (4.6) 8 (17.8)

Cancer resection Yes 857 (86.7) 118 (13.8) 1

No 127 (12.8) 36 (28.3) 2.48 1.61–3.82

Missing 5 (0.5) 1 (20.0)

Procedure Left and sigmoid colectomy 236 (23.9) 27 (11.4) 1

Subtotal colectomy 85 (8.6) 10 (11.8) 1.03 0.48–2.23

Hartmann’s procedure 168 (17.0) 28 (16.7) 1.55 0.86–2.27

Right hemicolectomy 361 (36.5) 59 (16.3) 1.5 0.92–2.46

Palliative stoma 72 (7.3) 15 (20.8) 2.04 1.02–4.09

Enteroenteric bypass 33 (3.3) 10 (30.3) 3.36 1.44–7.82

Other 4 (0.4) 1 (25.0) 2.58 0.26–25.69

Missing 30 (3.0) 5 (16.7)

Constant (standard error) �5.501 (1.13)

Total 989 (100) 155 (15.7)

*ORs and 95% confidence intervals (CI) were calculated using univariate and multivariate logistic regression analysis. Each subgroup is compared
separately with the reference category (odds ratio of one). ASA indicates American Society of Anesthesiologists.

Tekkis et al Annals of Surgery • Volume 240, Number 1, July 2004

© 2004 Lippincott Williams & Wilkins78



Variation of Postoperative Mortality by Age,
ASA Grade, and Operative Urgency

This is shown in Figure 3. Operations performed on an
urgent or emergency basis were associated with a higher
operative mortality in all 4 ASA strata compared with sched-
uled operations having adjusted for age, ASA and unit effect.

Identification of Independent Risk Factors
In the MBO model, 4 risk factors were found to be

independent predictors of operative mortality. Their adjusted
odds ratios and 95% confidence intervals are shown in Table
1. Cancer excision, timing of surgery and type of operative
procedure did not appear to confer any added advantage by
introducing them into the model. On further testing no sig-
nificant first order interactions between the risk factors were
identified in the dataset. The model fitted the data well
(calibration Hosmer-Lemeshow statistic; �2�7.606, 8df, P �
0.473), and had adequate discriminant ability (area under the
receiver operator characteristic curve 0.801, standard er-
ror�0.019). The MBO model-predicted operative mortality
for 6 types of operative procedures, was well within the
confidence limits of the observed outcome as shown in Figure
4. (Hosmer-Lemeshow statistic: 3.21, 5df, P � 0.668). No
significant differences were obtained between the observed
and expected mortality rates among the strata of age, ASA,
Dukes’ stage and urgency of the procedure.

Comparison Between Hospitals and Surgeons
A greater variation in operative mortality was evident

in the elderly patients between centers. With increasing age,
the individual hospital prediction lines diverged away from
the average prediction line for both elective and emergency
procedures (Fig. 2). The between-hospital variability for the
line gradient or slope, was formally tested by the level-3
variance and was found to be statistically significant. (� v2

2 �
0.004, SE 0.001, �2 � 0.303, 1df, P � 0.001). No significant

FIGURE 2. Variation of in-hospital operative mortality (plotted
on the logit scale) with age across scheduled and urgent
procedures. Each line represents individual prediction curves
for each hospital. The median regression line (bold black) is
superimposed on the prediction curves for individual hospitals.

FIGURE 1. Hierarchical logistic regression equation used for
calculating the probability of death in patients undergoing
surgery for malignant large bowel obstruction.

FIGURE 3. Variation of operative mortality by age, ASA grade
and operative urgency. The regression lines have been ad-
justed for age, ASA, operative urgency using a 3-level hierar-
chical logistic regression model. Sc, scheduled procedure; Ur,
urgent procedure, Em, emergency procedure.

Annals of Surgery • Volume 240, Number 1, July 2004 Malignant Large Bowel Obstruction

© 2004 Lippincott Williams & Wilkins 79



interhospital variability was demonstrated for the line inter-
cepts or constants (� v1

2 � 0.024, SE 0.030, �2 � 0.346, 2df,
P � 0.556). In hospital mortality was also compared between
consultant surgeons who were members (cases 545) and
nonmembers (cases 444) of the ACPGBI. The median num-
ber of operated cases per ACPGBI member was 4 (range 1 to
19) compared with 2 (range 1 to 11) for nonmembers. There
was no difference in the adjusted operative mortality rate
between the 2 groups.

DISCUSSION
Patients with MBO are biologically a continuum rang-

ing from complete obstruction to an incidental finding at
elective operation with fecal loading in a nondilated bowel
proximal to a tight stricture and outcomes may vary greatly,
according to the degree of obstruction. In the present study,
the definition of MBO was first presentation of a colorectal
cancer as an emergency with radiologic or clinical evidence
of distended large and / or small bowel as suggested by
Fielding et al.16 The study was conducted on a voluntary
basis in hospitals scattered throughout the UK. Since these
units were not selected at random, inferences about how
representative the outcomes are of the overall UK population
cannot be made. However, outcome results were similar to
the total population studies in Wessex,5 Trent and Wales.6

A relatively new statistical method called hierarchical
regression analysis was adopted to develop the MBO model.
This method is particularly useful in modeling observations
that have a hierarchical or clustered structure. Such data are
routinely found in various fields, such as patients within
hospitals17,18 or pupils within schools.19 Older approaches

tend to simply ignore the hierarchical structure of the data,
performing the analysis by disaggregating all the data to the
lowest level and subsequently applying standard methodolo-
gies. The penalty for ignoring the clustered nature of patients
within hospitals is that the standard error of the regression
coefficients, which describes the performance of each hospi-
tal, is lower.20 Nonhierarchical models are unable to allow for
the distorting potential of small numbers of operated cases,
deprived catchment populations and other possible risk fac-
tors. Such units may be divergent or under-perform by
chance, rather than provide suboptimal care. Hierarchical
models work on the basic principle that the true performance
rates for different centers are drawn from a normal distribu-
tion and, as a consequence, the performance rate (unit coef-
ficient) of each hospital is weighted according to the number
of cases submitted. This may allow for risk factors, which
may be specific to an individual center, such as deprivation.
The unit coefficients are therefore shrunk towards the popu-
lation mean with greater shrinkage for smaller centers. The
shrinkage attempts to simulate the regression to the mean,
thus providing a more realistic and accurate estimate of
long-term performance.

The use of operative mortality to compare quality of
care between providers demands comprehensive, accurate
and reliable information that is clinically valid. At present,
data quality was limited by the observational nature of the
study. Implementation of such prediction systems within
hospitals should lead to an increased awareness in the use of
such data, with subsequent improvement in the quality of the
data collection.

It is no longer safe to define standards such as postop-
erative mortality in terms of a single number without adjust-
ment for risk factors. The present study demonstrated that
although the average postoperative mortality was 16.5%
(95% confidence interval 14.3–18.9), it ranged from 1.0% in
a fit 60-year-old having a curative right hemicolectomy, to
near 50% in an 80-year-old ASA III patient having a pallia-
tive left hemicolectomy. This separation of patients according
to risk is becoming increasingly important, particularly in
elderly patients, when the benefits of surgery may be out-
weighed by the risk. Difficult clinical decisions may be easier
if the MBO model is applied in the preoperative setting to
provide patients with an estimated numerical probability of
survival as part of the counseling and decision-making pro-
cess of informed consent. This is relevant as the recent
advances in colonic stenting offers an alternative definitive
treatment to potentially high-risk surgery. In the present study
we identified 4 important predictors of outcome, namely age,
ASA grade, operative urgency and Dukes’ staging which are
in agreement with previously published work.2,4,21 Using
unadjusted and risk-adjusted outcomes, we demonstrated that
the mortality following surgery for MBO was similar be-
tween ACPGBI and non-ACPGBI members and between

FIGURE 4. Bar charts comparing the observed and predicted
in-hospital operative mortality by type of operative procedure.
95% confidence intervals are displayed around the observed
outcome. (Hosmer-Lemeshow statistic: 3.21, 5df, P � 0.668).
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hospitals. This can be used to reassure the public and health
providers that immediate survival after surgery for MBO is
not greatly affected by these factors.

CONCLUSIONS
The present study is an example of the means by which

a professional body can conduct outcomes research at a
national level. We demonstrated the feasibility of central data
harvesting using precise definitions to ensure standardization
and uniformity of data collection. Hierarchical regression
analysis identified factors that were most important in deter-
mining mortality of patients with obstructed colorectal cancer
and provided accurate risk-adjusted outcomes.
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