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Abstract
Preoperative prediction of morbidity in colorectal cancer (CRC) surgery helps to optimize the surgical outcome. In this study, we
aim to develop a dedicated equation for predicting operative morbidity using colorectal possum scoring system and also to
validate the predictive accuracy of CR-POSSUM scoring system in prognosticating actual complications. We did a retrospective
analysis of 322 patients undergoing colorectal cancer surgery from a single centre in South India from 2004 to 2016. Mortality
and morbidity risk factors as defined by CR POSSUM were collected from 322 patients who underwent CRC surgery and were
used to derive equations to predict morbidity, and the results were compared with the observed morbidity. Logistic regression
analysis was used to derive the equation. The model fit and model discrimination were analysed using the Hosmer-Lemeshow
statistical test for goodness of fit, the NagelkerkeR2 and area under the receiver operating characteristic (ROC) curve respectively.
Out of 322 patients, 103 (32%) patients developed complications and 10 (3%) died due to complications. The regression equation
we derived has an overall correct classification of about 70% (P < 0.01) with positive and negative predictive value of 60% and
73% respectively. The Hosmer-Lemeshow goodness of fit was 3.147 (P = 0.829), and the Nagelkerke R2 was 17% and area under
ROC as model discrimination was 71.6%. Hence, CR-POSSUM scoring which was originally used for predicting mortality risk
can also be extrapolated to predict morbidity.
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Introduction

Colorectal malignancy is the third most common malignancy
among men and the second most common among women
around the world [1]. Fortunately, in India, the incidence is
not too high. However, the incidence has been found to be
rising, with the AAR (adjusted annual incidence rate) for colon

cancer in men and women being 4.4 and 3.9 per 100,000,
respectively [2]. Being in a country, where people living with
poor access to quality healthcare, extreme presentation like ad-
vanced stage and perforation are common in tertiary care cen-
tres [3, 4]. In such scenarios, the mortality and morbidity for the
patients undergoing surgery are relatively high [5].
Complications following major surgeries will proportionately
increase the hospital cost and duration of hospital stay [6].
Apart from such hardships, complications also had an adverse
impact on long-term survival [7]. So in a country like India,
where the spending on health by the government is low and
health insurance is under-penetrated, morbidity following ama-
jor surgical procedure will further drain the already constrained
resources [8]. The complication rates are not uniform and can-
not be generalised, as there are certain factors, such as age,
patients’ co-morbidity and operative severity, influencing the
outcome of surgery [9]. So, putting together these factors and
assessing the postoperative outcome preoperatively will help in
optimizing the available resources. In such cases, the predictive
scoring has to bemore accurate, and its predictive ability should
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be proven in multiple centres. In our study, we devised a mor-
bidity scoring system with already established parameters in
CR-Possum which influence the outcome of colorectal surgery
in terms of mortality and assessed the model calibration and
discrimination with statistical analysis tools.

Patient and Methods

Data of 506 patients undergoing colorectal surgery for colo-
rectal malignancy from January 2004 to December 2017 was
collected from the medical records department of a single
tertiary care centre. The in-patient files were analysed and
the required variables as per CR-POSSUM scoring [physio-
logic severity score (PSS) (age, cardiac failure if any, systolic
blood pressure, pulse, urea, haemoglobin) and operative se-
verity score (OSS) (operative severity, peritoneal soiling, op-
erative urgency, cancer staging in Dukes)] were collected and
entered in an excel data sheet. Patient files, with singlemissing
variable, were excluded from the study. Therefore, only 322
patients with complete details were included. The dichoto-
mous outcome of each patient, either dead/alive, with/
without complication, was entered. Presence or absence of
complications, such as haemorrhage, wound infection, wound
dehiscence, anastomotic leak, deep vein thrombosis, pulmo-
nary embolus, cerebrovascular accident, myocardial infarc-
tion, cardiac failure, impaired renal function and respiratory
failure were also entered. Complications were also graded
based on Clavien-Dindo scale of surgical morbidity, and all
grades were considered. Duration of hospital stay in terms of
number of days for each patient was also recorded. The study
was approved by institutional ethics committee.

Statistical Analysis

The data was analysed using SPSS version 24. Mean and
standard deviation were calculated for continuous variables.
Chi-square test was done to check association between cate-
gorical variables. The equation to predict morbidity was de-
rived using multiple logistic regression analysis, and the mod-
el discrimination was measured by calculating the area under
ROC (receiver operating characteristic) curve. The
Nagelkerke R2 and the Hosmer-Lemeshow statistics were
used for model calibration (goodness of fit). Positive and neg-
ative predictive values were also calculated. P < 0.05 was con-
sidered as statistically significant.

Results

Out of a total of 506 patients undergoing colorectal surgery for
malignancy, 322 (63.2%) satisfied the criteria to be included

in the study. Among the 322 patients, 103 (31.9%) developed
complications and 10 (3%) patients died of complications.
The average duration of hospital stay for all patients who
underwent surgery was 15.5 days. The mean duration of in-
hospital stay for patients with and without complications was
18 and 14.5 days respectively (P = 0.01) which was statisti-
cally significant. The proportion of patients with and without
complications and in-hospital stay days are shown in Fig. 1.
The summary of procedures and their associated complica-
tions were shown in Table 1. The complications rates were
more in tumours located in sigmoid and rectum compared to
other sites (P < 0.05). The complications were graded as per
Clavin-Dindo classification. Wound-related complication tops
the list (37%) followed by respiratory complications (18%).
These are shown in Table 2. The patient’s demographic char-
acteristics and the in-hospital morbidity rates for the factors
taken into consideration for CR-POSSUM scoring are shown
in Table 3. Majority of the patients are in the age group less
than 60 years (51%) and there is a male preponderance (61%).
Table 4 summarizes the CR-POSSUM scoring system which
we used for the analysis. The equation we derived using above
d a t a wa s I n (R / ( 1 − R) ) = −4 . 8 3 + 0 . 0 9 ( PSS ) +
0.35(OSS)(P < 0.001). The positive and negative predictive
value of the equation was 60.87% and 73.09% respectively.
The overall percentage of correct classification was 70%. The
goodness of fit was looked at to check whether the predicted
probability was assigned accordingly to individual patient’s
outcome. The Hosmer-Lemeshow test statistics was 3.147
(P = 0.829) which was reasonably a good fit for higher the P
value, more fit the model is. The Nagelkerke R2 which was
another test to check goodness of fit was fairly good (17%).
Model discrimination calculated by area under ROC curve
was 71.6% (Fig. 2), which was reasonably a fair discrimina-
tion. The observed and expected ratio was almost close to 1
among the different range of predictions.

Discussion

POSSUM AND P-POSSUM were original scoring systems
which enumerated the mortality and morbidity in a patient
undergoing major surgeries [10, 11]. These have been validat-
ed in numerous studies outside the UK, and their value in
surgical audit has been proven beyond doubt [12–14]. A study
conducted by the American College of Surgeons (ACS-
NSQIP) in 2005 to 2006 showed that ten procedure groups
among various general surgical operations accounted for 62%
of complications, and colectomywas topping in the list [15]. It
accounts for 24% of adverse events. CR-POSSUM, devel-
oped by Tekkis et al., a modification in the original scoring
system, was designed for enumeration of mortality in patients
undergoing colorectal procedures [16]. Since the mortality
following colorectal surgery was brought down with
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improvement in postoperative critical care but the morbidity
following such procedures especially in patients undergoing
emergency surgery for perforation and obstruction was con-
siderably high [17]. Complication rates in surgery for colorec-
tal malignancy elective and emergency were 26 and 38% re-
spectively. In our study, the overall complication rate was
31.9%. The original CR-POSSUMwas devised by identifying

odds of risk factor causing mortality. However, it was a well-
known fact that mortality was the end point of severe morbid-
ity [18, 19]. Therefore, we used the same scoring system to
analyse the outcome in terms of complications in our study.
The equation, though, using the same odds as for mortality did
not overpredict morbidity in our study. But in the physiolog-
ical severity scoring, except for preoperative cardiac status
and urea level, other variables have no significant correlation
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Fig. 1 Duration of hospital stay in
patients with and without
complications

Table 1 Tumour location and procedures with in-hospital complication
rates

Location of the tumour Patients Morbidity (%) X2 (P value)

Rectum 99 33(32) 14.40 (P = 0.04)
Sigmoid colon 77 31(30.1)

Ascending colon 43 9(8.7)

Transverse colon 39 9(8.7)

Caecum 24 6(5.8)

Descending colon 17 3(2.9)

Rectosigmoid junction 11 7(6.8)

Others 12 4(3.8)

Type of procedure Patients Morbidity (%)

Right hemicolectomy 99 25(24.2) 11.34 (P = 0.18)
Anterior resection 74 18(17.4)

APR 46 19(18.4)

Left hemicolectomy 34 9(8.7)

Sigmoidectomy 31 14(13.5)

Diversion colostomy 24 9(8.7)

Total colectomy 5 3(2.9)

Subtotal colectomy 2 1(0.9)

Others 9 3(2.9)

Table 2 Severity of complications graded as per Clavien-Dindo
classification

Grade of
complication

Type of complication No. of patients
(%) (n = 103)

I Wound infection requiring drainage 16(15.5)

Post op ventilation for > 1 day 6(5.8)

II Wound infection needs resuturing 22(21.3)

Respiratory infection 17(16.5)

PTE/DVT 4(3.8)

III Re-exploration due anastamotic leak 15(14.5)

Burst abdomen/resuturing 3(2.9)

UTI/sepsis 2(1.9)

SMV thrombosis 1(0.9)

IV Myocardial infarction 5(4.8)

Bowel gangrene 1(0.9)

Seizure 2(1.9)

Sepsis and hypotension 1(0.9)

V Severe sepsis 7(6.7)

ARDS 2(1.9)

Multivisceral metastasis 1(0.9)
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with outcome. Since wound infection and its sequelae occupy
a considerable share (37%) of complications in our study, the
role of physiological factors influencing the result may be less
significant compared to operative severity score where later

affects the outcome in terms of surgical site soft tissue infec-
tion [20]. Next common complications were respiratory
(16.5%) and anastamotic leak (14.5%). Regarding mortality,
CR-POSSUM observed and expected mortality ratio was 1

Table 3 Patient demographic and
in-hospital complication rates Variables in consideration No. of patients n = 322 No. of complication (n = 103)

Age

< 60 165 (51.2%) 50 (48.5%)

61–70 104 (32.3%) 36 (35.0%)

71–80 38 (11.8%) 11 (10.7%)

> 80 15 (4.7%) 5 (4.9%)

Sex

Male 197 (61.2%) 65 (63.1%)

Female 125 (38.8%) 37 (35.9%)

PSS

6 to 10 273 (84.8%) 81 (78.6%)

11 to 15 49 (15.2%) 22 (21.4%)

Operative severity scoring

Intermediate 27 (8.4%) 8 (7.8%)

Major 228 (70.8%) 61 (59.2%)

Complex major 67 (20.8%) 34 (33.0%)

Peritoneal soiling

None 275 (85.4%) 80 (77.7%)

Local pus 6 (1.9%) 3 (2.9%)

Faceal contamination 41 (12.7%) 20 (19.4%)

Operative urgency

Elective 280 (87%) 81 (78.6%)

Urgent 34 (10.6%) 18 (17.5%)

Emergency 8 (2.5%) 4 (3.9%)

Cancer staging

Dukes A, B 162 (50.3%) 43 (41.7%)

Dukes C 120 (37.3%) 42 (40.8%)

Dukes D 40 (12.4%) 18 (17.5%)

Table 4 Colorectal POSSUM scoring system

Score 1 2 3 4 8

Physiologic score

Age (yr) ≤ 60 61–70 71–80 ≥ 81
Cardiac failure None or mild Moderate Severe

Pulse (beats/min) 40–100 101–120 > 120 or < 40

Systolic BP (mmHg) 100–170 > 170 or 90–99 < 90

Urea (mmol/l) ≤ 10 10.1–15 > 15

Haemoglobin (g/dl) 13–16 10–12.9 or 16.1–18 < 10 or > 18

Operative severity score

Operative severity Minor Intermediate Major Complex major

Peritoneal soiling None or serous Local pus Free pus/feces

Operative urgency Elective Urgent Emergency

Cancer staging (dukes) None or dukes A, B Dukes C Dukes D
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and area under ROC curve was 80% showing good model
discrimination. But with low mortality rate [n = 10 (9.7%)]
in our study, the validity of it may not be reliable.

Among the various risk factors, age and cancer staging are
considered non-modifiable risk factors. The rest are modifi-
able risk factors and give the extent of scope to which the
complications can be prevented by addressing such factors.
But once patients present to tertiary centres in emergency or
semi-emergency conditions, most of the risk factors will be
present. Tackling such elements will be time-consuming and
lead to a further chance of increasing complication [21].
Surgical site-related complications top in our study (37%)
and elsewhere, as well [22]. They have an adverse impact in
terms of long-term survival [23]. Since operative factors play
a significant role in outcome in terms of wound infection as
per our study, measures that reduce the chance of acquiring
surgical site infections with high level of evidence are appro-
priate and timely administration of antibiotic, discontinuation
of prophylactic antibiotic within 24 h of surgery, optimization
of blood glucose levels and avoiding spillage of bowel con-
tents [21]. Similar to SSIs, respiratory complication and anas-
tomotic leak leading to deep-seated infection also affect the
long-term survival [24]. PSS and OSS both play a significant
role in predicting the latter two complications here. Hence
tackling both physiological and operative variable assumes
an important role prevention of these two problems.

CR-POSSUM, which was originally developed to predict
mortality, can also be used to predict morbidity. But, there are
some limitations to our study. Both CR-POSSUM and
POSSUM models for mortality and POSSUM model for
predicting morbidity left many variables like preoperative

nutrition level, operative duration, BMI and length of preop-
erative stay, all of which influence the eventual outcome.
These were not considered while developing the equation
[21]. But these scoring systems were developed 10 and
25 years ago respectively, andmany new influencing variables
were found in subsequent research.

Our results may be biased since there is a high proportion
of SSI-related complication.We, therefore, validated the equa-
tion after excluding this group of patients. We excluded sur-
gical site infection (SSI) in further analysis, to check whether
physiological factors had a role in predicting non-SSI-related
complications. We found that there was, indeed, a significant
association (P = 0.005) between PSS and other non-SSI com-
plications. The results were similar with few minor variations
in predictive values. So, if a new model is developed consid-
ering the various new variables, then the predictive accuracy
of such an equation can be close to reality.

To conclude, these predictive models once validated,
across various centres in India, can be used as a measure of
quality control in different institutions. Secondly, they can also
be used to allocate resources and adequately trained profes-
sionals to deal with those patients whose expected morbidity
and mortality are high.
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