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INTRODUCTION
Despite advances in surgical approaches, emergency colorectal surgery has high mortality and 
morbidity.1 The mortality rates after emergency colorectal surgery range from 2.3% to 80%.2,3 
This wide range is secondary to the expertise of the surgical center and the patients’ comorbidi-
ties. Colorectal emergency situations such as diverticulitis, trauma and ischemia may be related 
to either benign or malignant etiologies.3 

Colorectal cancer is the reason behind colorectal emergencies in 85% of the cases, with colonic 
obstruction in 11%-43% of all presentations.4 Perforation and obstruction of the colon and rec-
tum are important factors leading to postoperative mortality in patients with emergency admis-
sions.5 The comorbidities that cannot be managed adequately in emergency colorectal surgery 
and which cause highest mortality are cardiopulmonary, renal and thromboembolic diseases.6 

Scoring systems for use in predicting postoperative mortality after surgical procedures 
already exist. The Physiological and Operative Severity Score for the enUmeration of Mortality 
and morbidity (POSSUM) and the Portsmouth-Physiological and Operative Severity Score for 
the enUmeration of Mortality and morbidity (p-POSSUM) are two examples of such scoring 
systems. Both of these use physiological and operative parameters.7 Through use of these sys-
tems, it was realized that advanced age and high frequency of emergency procedures within col-
orectal surgery made these two scores inadequate. Thus, after omission of certain parameters, 
a new model was devised for colorectal surgery, which was named the colorectal-Physiological 
and Operative Severity Score for the enUmeration of Mortality and morbidity (cr-POSSUM).8 
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ABSTRACT
BACKGROUND: Despite advances in surgical approaches, emergency colorectal surgery has high mor-
tality and morbidity.
OBJECTIVE: We aimed to create a simple and distinctive scoring system, for predicting mortality among 
patients undergoing emergency colorectal surgery.
DESIGN AND SETTING: Prediction model development study based on retrospective data-gathering.
METHODS: Patients who underwent emergency colorectal surgery between March 2014 and December 
2016 at a single tertiary-level referral center were included in our study. Patient demographics, comorbidities, 
type of surgery, etiology and laboratory and radiological findings were collected retrospectively and ana-
lyzed. A new clinical score (named the Numune emergency colorectal resection score) was constructed from 
the last logistic regression model, in which one point was assigned for the presence of each predictive factor.
RESULTS: 138 patients underwent emergency colorectal surgery. These comprised 64 males (46.4%) 
and 74 females (53.6%), with a mean age of 64 years. Multivariate analysis revealed that blood urea 
nitrogen level > 65 mg/dl (odds ratio, OR: 8.03; 95% confidence interval, CI: 2.16-15.77), albumin level 
< 0.7 mg/dl (OR: 4.43; 95% CI: 1.96-14.39) and American Society of Anesthesiologists score ≥ 3 (OR: 3.47; 
95% CI: 0.81‑9.18) were associated with postoperative complications. The Numune score was graded from 
I to III. The risk of mortality was found to be 63.2% in the group with grade III, which accounted for 35.2% 
of the subjects. There were 37 postoperative deaths.
CONCLUSIONS: Surgeons need scoring systems, especially to predict postoperative mortality. We pro-
pose the Numune emergency colorectal resection score for emergency surgical procedures as a practical, 
usable and effective system for predicting postoperative morbidity.
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The cr-POSSUM system consists of multiple variables and 
defines a physiological score and an operative score. Following this, 
predictive values can be found through logarithmic equations. 
Computer software needs to be used in order to calculate predictive 
scores. The cr-POSSUM system can accurately predict postopera-
tive complications, but unfortunately it is not practical, especially 
in emergency situations. 

OBJECTIVE
To propose a scoring system for predicting mortality among 
patients undergoing emergency colorectal surgery.

METHODS
Local ethics board approval was obtained for this study, through 
registration number E-18-1938 (date: April 25, 2018). The patients 
included in this study underwent emergency colorectal surgery 
between March 1, 2014, and December 30, 2016, at a single tertiary-
level referral center. The sociodemographic features, comorbidi-
ties, American Society of Anesthesiologists score, etiology, labora-
tory and radiological findings, blood transfusions, operative time, 
indications for surgery and type of surgery of the 138 patients thus 
included were analyzed retrospectively. Twenty-six patients whose 
data were incomplete were excluded from the study. Postoperative 
complications and mortality rates were also analyzed.

The following data were collected and used in the analyses as 
independent variables: age, gender, results from liver function tests 
(aspartate aminotransferase, alanine aminotransferase, alkaline phos-
phatase, gamma-glutamyl transferase and total and direct bilirubin), 
renal function tests, albumin level, complete blood cell count, type of 
surgery, presence of ostomy, operative time and blood transfusion. The 
primary endpoint (dependent variable) was postoperative mortality.

Continuous data were presented as the mean value ± standard 
deviation. Differences in continuous variables were analyzed using 
the Mann-Whitney U test. The Shapiro-Wilk test was used to assess 
normality of data distribution. Categorical variables were analyzed 
using chi-square tests. Logistic regression was used to identify the 
factors associated with mortality. The results from the multivariate 
analysis were presented as odds ratios with 95% confidence inter-
vals. Receiver operating characteristic curve analyses were used 
to determine the optimal cutoff values for continuous variables. 

A new clinical score (named the Numune emergency colorectal 
resection score) was constructed from the final logistic regression 
model, in which one point was assigned for the presence of each 
predictive factor. Model discrimination was measured as the area 
under the receiver operating characteristic curve. The discrimi-
nation of the prognostic model was considered perfect if the area 
under the curve was 1, good if the area under the curve was > 0.8, 
moderate if the area under the curve was 0.6-0.8 and poor if the 
area under the curve was < 0.6.1 Specificity, sensitivity, positive 

predictive value, negative predictive value, negative likelihood 
ratio and positive likelihood ratio were also calculated.

RESULTS
During the study period, emergency colorectal surgery was per-
formed on 138 patients. These comprised 64 males (46.4%) and 
74 females (53.6%), with a median age of 64 years (minimum: 23; 
maximum: 91). 

The patients were classified according to their American Society of 
Anesthesiologists (ASA) score. Among them, 4 (2.90%) were classified 
as presenting ASA score I, 40 (28.99%) as ASA score II, 55 (39.86%) 
as ASA score III and 39 (28.26%) as ASA score IV. Twenty-three 
patients (16.7%) received blood transfusions during their surgery. 

The most frequent surgical site was the right colon, followed in 
sequence by the sigmoid colon, the descending colon and the rectum. 
The average operative time was 147 ± 29 minutes (Table 1). The most 
common indication for the surgery was obstruction, and the other 
indications were perforation and ischemia. The most common etiol-
ogies were colorectal cancer in 76 patients (55.07%), ischemic colitis 
in 27 patients (19.5%) and volvulus in 11 patients (7.97%) (Table 1).

All the operations were performed by general surgeons. 
Regarding the type of surgery, right hemicolectomy was con-
ducted in the cases of 64 patients (46.9%), followed by left hemi-
colectomy in 21 (15.2%), low anterior resection in 15 (10.9%), 
anterior resection in 13 (9.4%), total abdominal colectomy in 5 
(3.6%) and subtotal abdominal colectomy in 4 (2.9%). A preven-
tive ostomy was created in 86 patients (62.3%).

Thirty-seven postoperative deaths occurred (26.8% of the 
patients). The main reason for mortality was sepsis, which occurred 
in the cases of 17 patients (11.6%). The other reasons for mortal-
ity comprised multiple organ failure in 12 patients (8.2%), pneu-
monia in 6 (4.1%) and pulmonary thromboembolism in 2 (1.4%) 
(Table 1). There were 38 occurrences of minor complications 
among the patients. Surgical wound infection was the most com-
mon minor complication (15.9%). Other reasons for occurrences 
of wound infection included bleeding in 3 patients (2.1%), anas-
tomotic leakage in 7 (4.8%), necrosis of ostomy in 3 (2.1%) and 
postoperative ileus in 1 (0.7%).

In univariate analyses, age greater than 65 years, American 
Society of Anesthesiologists score greater than or equal to 3, 
blood urea nitrogen level higher than 65 mg/dl, creatinine higher 
than 1.2 mg/dl, albumin level lower than 2.7 mg/dl, aspartate 
aminotransferase level higher than 50 u/ml and indication for 
resection were found to be statistically associated with postop-
erative mortality (Table 1).

Multivariate risk prediction model and prediction score
All of the variables that could be assessed before the opera-
tion were included in the multivariate model. Three variables 
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Table 1. Demographic and clinical characteristics of patients

Variable
Survivors 
(n = 101)

Non-survivors 
(n = 37)

P

Mean age (years) 61 ± 14 72 ± 12 < 0.0001

Gender, male/female 53/48 12/25 0.0109

White blood  
cell count (/mm3)

13.07 ± 
5.69

13.88 ± 7.44 0.0634

Aspartate aminotransferase (U/l) 20 (17-27) 139.63 (18-52) 0.005

Alanine aminotransferase (U/l) 14 (11-20) 148 (10-32) 0.718

Blood urea nitrogen (mg/dl) 39 (30-53) 70 (50-113) < 0.0001

Creatinine (U/l)
0.97  

(0.80-1.14)
1.33  

(1.19-1.99)
< 0.0001

Albumin (mg/dl) 3 (2.6-3.4) 2.55 (2.1-2.8) 0.003

American Society of Anesthesiologists 
score ≥ 3

60 25 < 0.0001

Etiology

< 0.0001

Colorectal cancer 66 10

Ischemia 8 19

Volvulus 8 3

Diverticulitis 6 1

Other 13 4

Type of surgery

Right hemicolectomy 47 17

Left hemicolectomy 16 5

Low anterior resection 10 5

Sigmoid resection 10 4

Transvers colectomy 2 0 0.613

Anterior resection 11 2

Total colectomy 2 3

Subtotal colectomy 3 1

Operation time 149 ± 27 140 ± 29 0.5

Preventive ostomy +/- 57/44 29/8 0.028

Reason for mortality

Sepsis 0 17

Multiple organ failure 0 12

Pneumonia 0 6

Pulmonary thromboembolism 0 2

were found to be significant in this analysis: blood urea nitro-
gen level > 65 mg/dl (odds ratio, OR: 8.03; 95% confidence inter-
val, CI:  2.16-15.77); albumin level < 0.7 mg/dl (OR: 4.43; 95% 
CI: 1.96-14.39); and American Society of Anesthesiologists score 
≥ 3 (OR: 3.47; 95% CI: 0.81-9.18) (Table 2). 

A probability score was calculated by adding together the num-
ber of points assigned to each variable. Although the regression coef-
ficients ranged from 1.24 to 2.08, one point was assigned to each of 
these risk factors, for simplicity. The resulting Numune emergency 
colorectal resection score (composed of the blood urea nitrogen 
level, albumin level and American Society of Anesthesiologists 
score) was graded on a range from I to III. 

Table 2. Multivariate logistic regression model for predictors 
of mortality

Regression 
coefficient

Odds 
ratio

95% 
confidence 

interval
P

Score 
points

American Society of 
Anesthesiologists 
score ≥ 3

1.247 3.478 0.81-9.18 0.048 1

Blood urea nitrogen 
level > 50 mg/dl 

2.083 8.032 2.16-15.77 0.001 1

Albumin level 
< 2.7 mg/dl

1.7 5.48 1.96-14.39 0.0006 1

Three groups of patients were defined based on the Numune 
emergency colorectal resection score. The first group, with a score 
graded as I, comprised 64.8% of the patients, and their mortality 
rate was 7.1%. The second group included patients with a score 
graded as II, who had a mortality rate of 26.6%; this group com-
prised approximately 28% of the cohort. The third group, which 
comprised approximately 35.2% of the patients, included those 
with a Numune emergency colorectal resection score graded as 
III, and their mortality rate was 63.15% (Table 3). 

The specificity, sensitivity, positive predictive value, negative 
predictive value, negative likelihood ratio and positive likelihood 
ratio for the Numune emergency colorectal resection grades of II 
or III were 64.36%, 86.49%, 47.06%, 92.86%, 0.21 and 2.43, respec-
tively. The area under the receiver operating characteristic curve 
was 0.794 (95% CI: 0.704-0.885) for the Numune emergency col-
orectal resection score (Figure 1).

DISCUSSION
Prediction of postoperative mortality after emergency colorectal 
surgery is an ongoing field of research. In this study, we defined 
a new scoring system, the Numune emergency colorectal resec-
tion score. The simplicity of our calculation is quite apparent, as 
it uses only three variables, among which two are part of the rou-
tine serum biochemistry evaluation: blood urea nitrogen level, 
albumin level and American Society of Anesthesiologists score. 

Several scoring systems are used within colorectal surgery to 
predict postoperative morbidity and mortality. The Physiological 
and Operative Severity Score for the enUmeration of Mortality and 
morbidity (POSSUM) was designed by Copeland et al. in order to 
evaluate postoperative morbidity and mortality.9 The Portsmouth-
Physiological and Operative Severity Score for the enUmeration 

Table 3. Risk of mortality according to the Numune emergency 
colorectal resection  score
Numune emergency colorectal resection score Mortality 

rate (%)Grade Score points
I (70 patients) 0 5 (7.14)
II (30 patients) 1 8 (26.6)
III (38 patients) ≥ 2 24 (63.15)
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of Mortality and morbidity (P-POSSUM) and the colorectal-Phys-
iological and Operative Severity Score for the enUmeration of 
Mortality and morbidity (cr-POSSUM) were designed based on 
the POSSUM scoring system. 

The most recent of these scoring systems, i.e. cr-POSSUM, con-
sists of 10 parameters (six for the physiological severity score and 
four for the operative severity score), and the final score is calcu-
lated by means of a logarithmic equation.10 Although some medi-
cal electronic software for calculating this score exists, this scoring 
system is impractical, given that it necessitates greater effort and 
more data. Moreover, it has been reported that cr-POSSUM may 
either overestimate or underestimate mortality.11,12

Heriot et al. studied prediction of postoperative morbidity 
and mortality among elderly patients who underwent colorectal 
surgery, and they designed the elderly colorectal cancer model.1 
However, this scoring system has not undergone any external val-
idation. In addition, the Association of Coloproctology of Great 
Britain and Ireland Malignant Large Bowel Obstruction model was 
generated to evaluate in-hospital mortality. This consists of four 
parameters.14 It may be practical to use but, like the elderly col-
orectal cancer model, it has not been externally validated. 

Furthermore, Sluis et al. published the Identification of Risk 
in Colorectal Surgery score. They stated that their scoring sys-
tem presented greater discriminatory capacity than that of the 
cr-POSSUM scoring system and that of the American Society of 
Anesthesiologists score classification for predicting postoperative 
mortality.15 The Identification of Risk in Colorectal Surgery scoring 
system may be useful generally in colorectal surgery. 

Our scoring system consists of three parameters, and the physi-
ological status of the patients is evaluated by means of the American 
Society of Anesthesiologists score classification. The Numune 
emergency colorectal resection score is useful in emergency pro-
cedures, and is simple to use.

The scoring system of the French Association of Surgery 
(Association Française de Chirurgie, AFC) uses four simple param-
eters to predict postoperative mortality, comprising intraopera-
tive fecal contamination, operative time greater than six hours, 
American Society of Anesthesiologists score > 2 and smoking.16 
These parameters were found to be independent risk factors for mor-
tality after colorectal surgery. However, the Elderly-Physiological 
and Operative Severity Score for the enumeration of Mortality and 
Morbidity was found to be better than the AFC scoring system 
for predicting postoperative mortality after colorectal surgery.17  
We used the American Society of Anesthesiologists score, blood 
urea nitrogen level and albumin level in the Numune emergency 
colorectal resection score, and these are helpful for preoperatively 
predicting the postoperative mortality. 

Another scoring system that has been used to predict postoper-
ative morbidity and mortality is the American College of Surgeons 

surgical risk calculator.18 T﻿he colon-specific model of this scoring 
system uses multiple factors affecting postoperative morbidity 
and mortality. This surgical risk calculator may help surgeons to 
estimate patient-specific postoperative risks but, again, it requires 
too many parameters, in comparison with the Numune emergency 
colorectal resection score. 

Some medical calculators or scoring systems are available elec-
tronically. These software programs may help in using the scor-
ing systems correctly, but are more useful in elective surgical pro-
cedures. For emergency surgery, systems that are more practical 
and easier to use, like the Numune emergency colorectal resection 
score are more useful.

However, one shortcoming of our scoring system is that it con-
tains the American Society of Anesthesiologists score, which is sub-
jective and can give rise to inter-observer variability.19 Our scoring 
system may help clinicians to select high-risk patients for transfer 
to an advanced center.

There are some limitations to our study. We did not have any 
control group, and so the positive predictive value of the study 
was low. The analyses were not assessed regarding the underlying 
indications or type of surgery. All of these are shortcomings of the 
study. The patients’ ages were found to be significant only in the 
univariate analyses. This may have been related to the distribution 
of the ages of the patients included in our study. Future studies may 
reveal that age is an important parameter and, if so, our scoring 
system may need to be updated. 

Figure 1. The area under the receiver operating characteristic curve 
(AUROC) was 0.794 (95% confidence interval, CI: 0.704-0.885) for the 
Numune emergency colorectal resection score.
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CONCLUSION
Surgeons need scoring systems or some parameters in order 
to predict postoperative morbidity and, especially, mortality. 
Therefore, researchers need to make efforts towards devising 
optimal scoring systems for use both in elective and in emer-
gency surgery. The Numune emergency colorectal resection 
score for use in relation to emergency surgical procedures seems 
to be an option for predicting postoperative mortality among 
patients undergoing emergency colorectal surgery.

REFERENCES
1.	 Kwan TL, Lai F, Lam CM, et al. Population-based information on 

emergency colorectal surgery and evaluation on effect of operative 

volume on mortality. World J Surg. 2008;32(9):2077-82. PMID: 18560933; 

doi: 10.1007/s00268-008-9632-7.

2.	 Fazio VW, Tekkis PP, Remzi F, Lavery IC. Assessment of operative risk in 

colorectal cancer surgery: the Cleveland Clinic Foundation colorectal 

cancer model. Dis Colon Rectum. 2004;47(12):2015-24. PMID: 15657649; 

doi: 10.1007/s10350-004-0704-y.

3.	 Järvinen O, Laurikka J, Salenius JP, Tarkka M. Acute intestinal ischaemia. A 

review of 214 cases. Ann Chir Gynaecol. 1994;83(1):22-5. PMID: 8053632.

4.	 Kısaoğlu A, Özoğul B, Aköz A, et al. The outcome of surgical treatment 

in patients with obstructive colorectal cancer. Dicle Medical Journal. 

2013;40(3):401-5. doi: 10.5798/dicletip.2013.03.0297.

5.	 Biondo S, Ramos E, Fraccalvieri D, et al. Comparative study of left colonic 

Peritonitis Severity Score and Mannheim Peritonitis Index. Br J Surg. 

2006;93(5):616-22. PMID: 16607684; doi: 10.1002/bjs.5326.

6.	 Iversen LH, Bulow S, Christensen IJ, et al. Postoperative medical 

complications are the main cause of early death after emergency 

surgery for colonic cancer. Br J Surg. 2008;95(8):1012-9. PMID: 18563787; 

doi: 10.1002/bjs.6114.

7.	 Prytherch DR, Whiteley MS, Higgins B, et al. POSSUM and Portsmouth 

POSSUM for predicting mortality. Physiological and Operative Severity 

Score for the enUmeration of Mortality and morbidity. Br J Surg. 

1998;85(9):1217-20. PMID: 9752863; doi: 10.1046/j.1365-2168.1998.00840.x.

8.	 Oomen JL, Cuesta MA, Engel AF. Comparison of outcome of POSSUM, 

p-POSSUM, and cr-POSSUM scoring after elective resection of the 

sigmoid colon for carcinoma or complicated diverticular disease. 

Scand J Gastroenterol. 2007;42(7):841-7. PMID: 17558908; doi: 

10.1080/00365520601113810.

9.	 Copeland GP, Jones D, Walters M. POSSUM: a scoring system for surgical audit. 

Br J Surg. 1991;78(3):355-60. PMID: 2021856; doi: 10.1002/bjs.1800780327.

10.	 Tekkis PP, Prytherch DR, Kocher HM, et al. Development of a dedicated 

risk-adjustment scoring system for colorectal surgery (colorectal POSSUM). 

Br J Surg. 2004;91(9):1174-82. PMID: 15449270; doi: 10.1002/bjs.4430.

11.	 Senagore AJ, Warmuth AJ, Delaney CP, Tekkis PP, Fazio VW. POSSUM, 

p-POSSUM, and Cr-POSSUM: implementation issues in a United States 

health care system for prediction of outcome for colon cancer resection. 

Dis Colon Rectum. 2004;47(9):1435-41. PMID: 15486738; doi: 10.1007/

s10350-004-0604-1.

12.	 Anwar MA, D’Souza F, Coulter R, et al. Outcome of acutely perforated 

colorectal cancers: experience of a single district general hospital. Surg 

Oncol. 2006;15(2):91-6. PMID: 17049848; doi: 10.1016/j.suronc.2006.09.001.

13.	 Heriot AG, Tekkis PP, Smith JJ, et al. Prediction of postoperative 

mortality in elderly patients with colorectal cancer. Dis Colon Rectum. 

2006;49(6):816-24. PMID: 16741639; doi: 10.1007/s10350-006-0523-4.

14.	 Tekkis PP, Kinsman R, Thompson MR, Stamatakis JD; Association of 

Coloproctology of Great Britain, Ireland. The Association of Coloproctology 

of Great Britain and Ireland study of large bowel obstruction caused by 

colorectal cancer. Ann Surg. 2004;240(1):76-81. PMID: 15213621. 

15.	 van der Sluis FJ, Espin E, Vallribera F, et al. Predicting postoperative 

mortality after colorectal surgery: a novel clinical model. Colorectal 

Dis. 2014;16(8):631-9. PMID: 24506067; doi: 10.1111/codi.12580.

16.	 Alves A, Panis Y, Mathieu P, et al. Mortality and morbidity after surgery of 

mid and low rectal cancer. Results of a French prospective multicentric 

study. Gastroenterol Clin Biol. 2005;29(5):509-14. PMID: 15980743; doi: 

10.1016/S0399-8320(05)82121-9.

17.	 Tran Ba Loc P, du Montcel ST, Duron JJ, et al. Elderly POSSUM, a dedicated 

score for prediction of mortality and morbidity after major colorectal 

surgery in older patients. Br J Surg. 2010;97(3):396-403. PMID: 20112252; 

doi: 10.1002/bjs.6903.

18.	 Bilimoria KY, Liu Y, Paruch JL, et al. Development and evaluation of the 

universal ACS NSQIP surgical risk calculator: a decision aid and informed 

consent tool for patients and surgeons. J Am Coll Surg. 2013;217(5):833‑42 

e1-3. PMID: 24055383; doi: 10.1016/j.jamcollsurg.2013.07.385.

19.	 Owens WD, Felts JA, Spitznagel EL Jr. ASA physical status classifications: 

a study of consistency of ratings. Anesthesiology. 1978;49(4):239-43. 

PMID: 697077.

Sources of funding: None

Conflict of interest: None

Date of first submission: August 6, 2018

Last received: January 10, 2019

Accepted: January 24, 2019

Address for correspondence:

Sadettin Er

Ankara Numune Training and Research Hospital, Department of Surgery

Talatpaşabulvari, No: 44, 

06100 Ankara — Turkey

Tel: +90 312 508 50 35

Cel: +90 505 779 70 29

E-mail: ersadettin74@gmail.com


