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Introduction: In patients with left-sided obstructive colon cancer (LSOCC), a stoma is often constructed as
part of primary treatment, but with a considerable risk of becoming a permanent stoma (PS). The aim of
this retrospective multicentre cohort is to identify risk factors for a PS in LSOCC and to develop a pre- and
postoperative prediction model for PS.
Materials and methods: Data was retrospectively obtained from 75 hospitals in the Netherlands. Patients
who had curative resection of LSOCC between January 1, 2009 to December 31, 2016 were included with
a minimum follow-up of 6 months after resection. The interventions analysed were emergency resection,
decompressing stoma or stent as bridge-to-elective resection. Main outcome measure was presence of PS
at the end of follow-up. Multivariable logistic regression analysis was performed to identify risk factors
for PS at primary presentation (T0) and after resection, in patients having a stoma in situ (T1). These risk
factors were used to construct a web-based prediction tool.
Results: Of 2099 patients included in the study (T0), 779 had a PS (37%). A total of 1275 patients had a
stoma in situ directly after resection (T1), of whom 674 had a PS (53%). Median follow-up was 34 months.
Multivariable analysis showed that older patients, female sex, high ASA-score and open approach were
independent predictors for PS in both the T0 and T1 population. Other predictors at T0 were sigmoid
location, low Hb, high CRP, cM1 stage, and emergency resection. At T1, subtotal colectomy, no primary
anastomosis, not receiving adjuvant chemotherapy and high pTNM stage were additional predictors. Two
predictive models were built, with an AUC of 0.74 for T0 and an AUC of 0.81 for T1.
Conclusions: PS is seen in 37% of the patients who have resection of LSOCC. In patients with a stoma in
situ directly after resection, 53% PS are seen due to non-reversal. Not only baseline characteristics, but
also treatment strategies determine the risk of a PS in patients with LSOCC. The developed predictive
models will give physicians insight in the role of the individual variables on the risk of a PS and help in
informing the patient about the probability of a PS.
© 2022 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
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[1,2]. In case of resection with primary anastomosis, surgeons often
create a temporary defunctioning ileostomy in the emergency
setting. These stomas might reduce the risk of anastomotic leakage,
but up to 35% are not closed, leaving a patient with a permanent
stoma (PS) [3e5]. Patients with a PS may suffer from different types
of stoma related complications. The choice for an ileostomy or a
colostomy remains a subject of debate. It is known that an ileos-
tomy is often associated with high-output stoma, increasing the
risk of dehydration and metabolic complications, especially in
elderly patients [5e8]. A colostomy is more often associated with
parastomal herniation, skin care problems and stoma retractions
[7e9].

Alternatively, a decompressing stoma can be constructed as a
bridge to elective surgery (BTS) [10,11]. Due to the ileocecal valve,
preferably a decompressing colostomy is constructed. Reversal of a
decompressing stoma often requires a 3-stage procedure, and
several studies have shown that 10e30% of these decompressing
stomas become permanent [4,10,11]. BTS can also be accomplished
by endoscopic insertion of a self-expandable metallic stent (SEMS).
Data concerning the risk of PS after stenting in LSOCC is heterog-
enous [3,12,13].

Multiple studies have been conducted to evaluate risk factors for
PS in patients with rectal cancer surgery [14e17]; however, such
studies in LSOCC remain scarce. Rectal cancer studies found that
American Society of Anaesthesiologists (ASA) score, advanced
cancer and open surgery are all potential pre-intervention risk
factors for a PS [14,16,17]. Our Dutch Snapshot Research Group
found that after ER in LSOCC, anaemia, impaired kidney function,
and metastatic disease at presentationwere all risk factors for non-
closure of a temporary decompressing stoma [3]. However, it is
unclear whether these risk factors also apply following a BTS
approach. Furthermore, the risk profile for PS might have changed
in the postoperative setting for those patients with a stoma present
after resection. Therefore, the aim of the current study was to
identify risk factors for a PS at initial presentation, as well as after
resection, in LSOCC.

2. Materials and methods

2.1. Design

This national cohort study was performed by the Dutch Snap-
shot Research Group (DSRG) according to a predefined protocol
[2,18]. Data of 3153 patients who had a resection for LSOCC be-
tween January 1, 2009, to December 31, 2016 were retrieved from
the Dutch Colorectal Audit (DCRA). Surgical residents from the
DSRG extended this database with additional disease, procedural
and outcome data from the original patient files in 75 Dutch hos-
pitals. Data entry was performed from August 2017 to December
2017. The institutional review board of the Amsterdam University
Medical Centre, the Netherlands, approved this study.

2.2. Population

Patients were included from the DCRA in case of (1) clinical
signs of an ileus, (2) confirmation of obstruction on CT with a dis-
tended colon proximal to the obstruction, (3) tumour localization at
the splenic flexure, descending colon or sigmoid, and (4) histo-
logically proven cancer. The exclusion criteria were (1) unknown
follow-up data, (2) palliative intention, (3) free air on CT, (4) double
tumour, (5) stoma at the time of initial presentationwith LSOCC, (6)
missing stoma data, and (7) survival/follow-up less than 6 months.
Patients who were treated with Emergency resection, DS as BTS
and SEMS as BTS were included. Patients were categorized by
having a PS or not having a PS at the end of follow-up.
739
2.3. Primary outcome and definitions

Primary outcomewas having a PS at the end of follow-up, with a
minimum follow-up of 6 months after tumour resection. Risk fac-
tors for PS were analysed for two different patient scenarios, T0 and
T1. T0 was defined as the initial presentation with LSOCC within the
above defined overall population. The T1 population comprised all
patients with a stoma in situ directly after tumour resection. Thus,
patients with both (new) defunctioning stomas as well as the pri-
marily placed decompressing stomas are included. All patients with
bowel continuity after resection from the T0 population are thereby
excluded. This was done to identify risk factors for non-closure of
the stoma.

2.4. Predictive variables

Based on presumed association with PS, and literature, the
following variables were included for univariable analysis of the T0
population: age, sex, body mass index (BMI; <18.5 vs. 18.5e25.0 vs.
25.0e30.0 vs. >30.0), America Society of Anaesthesiology (ASA)
classification (1e2 vs. 3e4), tumour location (splenic flexure vs.
descending colon vs. sigmoid), preoperative haemoglobin (Hb; >7.0
vs. �7.0 mmol/l), preoperative C-Reactive Protein (CRP; <10 vs.
10e50 vs. >50 mg/l), preoperative creatinine (<110 vs. 110e200 vs.
>200 mmol/l), cT stage (T1-3 vs. T4), cM stage (0 vs. 1), Treatment in
high caseload hospital, interval between presentation and first
intervention (�1 day vs. > 1 day), type of procedure (ER vs. SEMS as
BTS vs. decompressing stoma as BTS), and surgical approach
(laparoscopic vs. open surgery). For the T1 population, the following
variables were analysed: age, sex, BMI, ASA, tumour location, in-
terval between presentation and first intervention, type of pro-
cedure (segmental resection vs. subtotal colectomy), surgical
approach, neo-adjuvant treatment during bridging interval, (par)
enteral feeding until resection, primary anastomoses, pTNM stage
(1e3 vs. 4), post-operative complications, and adjuvant chemo-
therapy. BMI was categorized according to the standard ‘Centres for
disease control and prevention’ definition [19]. Cut-off levels of Hb
and creatinine were selected based on clinical references. For pre-
operative CRP the first category was determined based on clinical
reference values and the other categories based on a q-q plot of CRP
vs PS. For “Treatment in high caseload hospital”, the cut-off was
selected using the median. Hospitals with 20 or more LSOCC re-
sections annually were scored as high caseload hospital.

2.5. Statistical analysis

Baseline characteristics were separately analysed for the T0 and
T1 populations using descriptive statistics. Continuous values were
shown as means (standard deviations, SDs) or median (minimum,
maximum). Logistic regression was used for univariable analysis of
the primary outcome parameter in the two populations separately.
All variables with a p-value <0.1 in univariable analysis were
included in the multivariable model with a backward stepwise
approach. The multivariable logistic regression model was tested
for multicollinearity. Missing data was imputed using multiple
imputation in SPSS, if data was missing at random. Finally, cross-
validation and bootstrapping were performed to correct for opti-
mism. We used the AUC guidelines where 0.7 to 0.8 is considered
acceptable, 0.8 to 0.9 is considered excellent, and more than 0.9 is
considered outstanding [20].

The independent predictive variables were subsequently used
to construct a web-based predictive tool (Evidencio, Haaksbergen,
the Netherlands). This graphic regression model is constructed
using statistics in which predictive variables are implemented into
an equation. Both models were cross-validated with a 10-fold
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cross-validation (cv). The average cvAUC was calculated including
the corresponding bootstrap bias corrected 95% CI. Furthermore, a
sensitivity analysis of our regression models was performed using
split-sample validation. A 0.8e0.2% spilt ratio and a balanced split
method were used to avoid oversampling resulting in an equal
proportion of stoma cases in each group. A p-value of <0.05 was
considered statistically significant. Analyses were performed using
IBM SPSS version 27 and R version 4.1.2 (R foundation, Austria).
3. Results

3.1. Patient characteristics

From 3153 patients in the original study population, 1054 were
excluded (Fig. 1). A total of 2099 patients were included in the T0
population, of whom 779 (37%) had a PS after at least 6 months of
follow-up. The median (IQR) follow-up was 34 (19e54) months.
Baseline characteristics of the T0 population are displayed in
Table 1. Patients in the PS group were older (<0.001), had a higher
ASA score (<0.001), more sigmoid tumours (<0.001), more often
Hb < 7 mmol/L (<0.001), creatinine >200 mmol/L (<0.002) or CRP
>10 (<0.001), and more often metastases at presentation (<0.001),
and underwent open surgery (<0.001) and ER (<0.001).

After resection, 824 (39%) of the 2099 patients did not have a
stoma in situ. The remaining 1275 were included in the T1 analysis
(Table 2). Of those 1275 patients with a stoma in situ directly after
tumour resection, 674 (53%) still had a PS after at least 6 months of
follow-up. Patients inwhom the stomawas never closedwere older
(<0.001), more often female (<0.011), had higher ASA score
(<0.001), more often open surgery (<0.001), ER (<0.001), and
subtotal colectomies performed (<0.001), less often underwent
Fig. 1. Patient flow of study participants.
CT: computed tomography, FU: follow up, BTS: bridge to surgery, SEMS: self-expandable m
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primary anastomoses (<0.001), had a higher rate of resection
related complications (0.016), higher pTNM stage (<0.001), and less
often received adjuvant chemotherapy (<0.001). Sub-analysis of
the male and female population was performed to further analyse
possible confounders. Female patients in the PS group more
frequently had a history of abdominal surgery compared to male
patients at T1 (OR 2.64, 95% CI 1.89e3.69), in particular urogenital
operations (OR 12.48, 95% CI 5.91e26.53).
3.2. Logistic regression analysis

In the univariable analysis at T0, age, female sex, high ASA-score,
BMI <18.5, sigmoid tumours, low Hb, high creatinine, high CRP,
presence of metastasis, open approach and ERwere associatedwith
a PS based on a p-value <0.10. All variables except for BMI and
creatinine remained independently associated with PS (p-value
<0.05) in the multivariable regression analysis (Table 3). Moreover,
the multicollinearity analysis showed tolerance values of >0.4,
which is acceptable.

The univariable analysis of the 1275 patients at T1 showed age,
female sex, high ASA-score, BMI <18.5, open approach, ER, subtotal
colectomy, no primary anastomosis, resection related complication,
no adjuvant chemotherapy, and high pTNM stage to be risk factors
for a PS. In multivariable analysis, BMI <18.5, ER and resection
related complications appeared not associated with PS. All other
variables were independent predictors for PS (Table 4).
3.3. Predictive model

Two regression models were built (T0 and T1). They were
developed using the independent predictors of the multivariable
etal stent, DS: Decompressing stoma.



Table 1
Baseline characteristics at T0, with a minimum follow-up of 6 months*.

Variable Group Total n (%) T0 - Initial presentation with acute LSOCC (n ¼ 2099)

No permanent stoma n (%) Permanent stoma n (%) p

Total n (%) 2099 1320 (62.9) 779 (37.1)
Age Mean (SD) 68.73 (11.60) 66.28 (11.37) 72.89 (10.76) <0.001
Sex Male 1141 (54.4) 737 (55.8) 404 (51.9) 0.08

Female 958 (45.6) 583 (44.2) 375 (48.1)
ASA score I-II 1495 (71.2) 1028 (77.9) 467 (59.9) <0.001

III-IV 583 (27.8) 279 (21.1) 304 (39.0)
Missing 21 (1.0) 13 (1.0) 8 (1.0)

BMI (kg/m2) 18.5e25.0 864 (41.2) 553 (41.9) 311 (39.9) 0.37
<18.5 40 (1.9) 20 (1.5) 20 (2.6)
25.0e30.0 669 (31.9) 426 (32.3) 243 (31.2)
>30.0 215 (10.2) 132 (10.0) 83 (10.7)
Missing 311 (14.8) 189 (14.3) 122 (15.7)

Tumor location Sigmoid 1447 (68.9) 865 (65.5) 582 (74.7) <0.001
Splenic flexure 274 (13.1) 192 (14.5) 82 (10.5)
Descending colon 378 (18.0) 263 (19.9) 115 (14.8)

Hemoglobin at presentation (mmol/L) >7.0 1749 (83.3) 1126 (85.3) 623 (80.0) <0.001
�7.0 196 (9.3) 96 (7.3) 100 (12.8)
Missing 154 (7.3) 98 (7.4) 56 (7.2)

Creatinine at presentation (umol/L) �110 1648 (78.5) 1048 (79.4) 600 (77.0) 0.002
110e200 236 (11.2) 136 (10.3) 100 (12.8)
>200 19 (0.9) 5 (0.4) 14 (1.8)
Missing 196 (9.3) 131 (9.9) 65 (8.3)

CRP at presentation (mg/L) �10 828 (39.4) 579 (43.9) 249 (32.0) <0.001
10e50 808 (38.5) 494 (37.4) 314 (40.3)
>50 296 (14.1) 148 (11.2) 148 (19.0)
Missing 167 (8.0) 99 (7.5) 68 (8.7)

cT stage cT1-cT3, cTx 2007 (95.6) 1264 (95.8) 743 (95.4) 0.68
cT4 92 (4.4) 56 (4.2) 36 (4.6)

cM stage cM0, cMx 1914 (91.2) 1232 (93.3) 682 (87.5) <0.001
cM1 185 (8.8) 88 (6.7) 97 (12.5)

Treatment in high caseload hospital No 533 (25.4) 335 (25.4) 198 (24.7) 0.98
Yes 1566 (74.6) 702 (74.6) 581 (74.6)

Interval between presentation and first intervention �1 day 1185 (56.5) 755 (57.2) 430 (55.2) 0.37
>1 day 914 (43.5) 565 (42.8) 349 (44.8)

Approach Laparoscopic 352 (16.8) 281 (21.3) 71 (9.1) <0.001
Open 1733 (82.6) 1034 (78.3) 699 (89.7)
Missing 14 (0.7) 5 (0.4) 9 (1.2)

Treatment Emergency resection 1649 (78.6) 974 (73.8) 675 (86.6) <0.001
DS as BTS 262 (12.5) 198 (15.0) 64 (8.2)
SEMS as BTS 188 (9.0) 148 (11.2) 40 (5.1)

ASA: American Society of Anesthesiology, CRP: C-Reactive Protein, cT: clinical Tumor stage, cN: clinical lymph node metastasis stage, cM: clinical metastasis stage, BMI: Body
Mass Index, SEMS: Self Expandable Metal Stent, DS: Decompressing Stoma, BTS: Bridge to Surgery followed by resection, p: p-value, NA: not applicable. *: Median (IQR) 34
(19e54) months.
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logistic regression analysis in Tables 3 and 4. After correction for
optimism, the T0-model showed a cvAUC of 0.74 (Fig. 2) whereas
the T1-model showed a cvAUC of 0.81 (Fig. 3). Finally, two graphical
web-based predictive models were developed to predict the risk of
PS at T0 and at T1 (Supplementary Fig. 1 and Supplementary Fig. 2,
respectively).
4. Discussion

This national cohort study on LSOCC revealed an overall PS rate
of 37%, and found that patient and disease related factors, as well as
treatment related factors were associated with the risk of PS.
Among patient related factors were age, sex, and ASA-score. Dis-
ease related factors included tumour location, Hb level, CRP level
and presence of metastasis. Risk factors for PS related to surgical
treatment were open approach, ER, subtotal colectomy and no
primary anastomosis. The predictive model developed for T0 (initial
presentation) demonstrated an acceptable cvAUC of 0.74, whereas
the predictive model of T1 (having a stoma in situ directly after
resection) showed an excellent cvAUC of 0.81.

To our knowledge, this is the first study analysing risk factors for
741
a PS after resection of LSOCC, in which different treatment strate-
gies are compared. Moreover, this study analysed predictive vari-
ables both at presentation and after resection of the primary
tumour, thus also analysed risk factors for non-closure of a stoma.
Overall PS rate in the current study was 37%, with the highest PS
rate after ER, which is in line with previous studies [21,22]. In the
emergency setting, a Hartmann's procedure is often performed in
patients with sigmoid tumours [1]. The current results confirm that
tumour location in the sigmoid is an independent risk factor for PS.
With regard to disease characteristics, presence of metastases is a
strong independent risk factor for a PS (Table 3 and Table 4). Pa-
tients with stage IV disease might initially receive a temporary
stoma. However, if their disease progresses or they receive systemic
therapy for longstanding control of disease, further surgical treat-
ment to restore bowel continuity is often avoided.

Patient characteristics such as old age and high ASA score, often
represent frail health status, and the clinical condition might
further deteriorate in those with an inflammatory response as re-
flected by high CRP levels and/or anaemia. Patients who are in poor
clinical condition are less likely to receive an anastomosis after
resection. This might explain why these variables are independent



Table 2
Baseline characteristics at T1, with a minimum follow-up of 6 months*.

Variable Group Total n (%) T1 - Stoma in situ after resection of LSOCC (n ¼ 1275)

No permanent stoma Permanent stoma p

Total n (%) e 1275 (100) 601 (47) 674 (53) e

Age Mean 69.79 65.83 73.32 <0.001
Sex Male 701 (55.0) 353 (58.7) 348 (51.6) 0.011

Female 574 (45.0) 248 (41.3) 326 (48.4)
ASA score I-II 856 (67.1) 456 (75.9) 400 (59.3) <0.001

III-IV 407 (31.9) 140 (23.3) 267 (39.6)
Missing 12 (0.9) 5 (0.8) 7 (1.0)

BMI (kg/m2) 18.5e25.0 537 (42.1) 256 (42.6) 281 (41.7) 0.372
<18.5 25 (2.0) 7 (1.2) 18 (2.7)
25.0e30.0 403 (31.6) 195 (32.4) 208 (30.9)
>30.0 133 (10.4) 63 (10.5) 70 (10.4)
Missing 177 (13.9) 80 (13.3) 97 (14.4)

Tumor location Sigmoid 967 (75.8) 456 (75.9) 511 (75.8) 0.980
Splenic flexure 132 (10.4) 63 (10.5) 69 (10.2)
Descending colon 176 (13.8) 82 (13.6) 94 (13.9)

Interval between presentation and first intervention �1 day 739 (58.0) 359 (59.7) 380 (56.4) 0.078
>1 day 533 (41.8) 239 (39.8) 294 (43.6)
Missing 3 (0.2) 3 (0.5) 0 (0)

Approach Laparoscopic 161 (12.7) 109 (18.2) 52 (7.8) <0.001
Open/Conversion 1103 (87.3) 490 (81.8) 613 (92.2)

Treatment Emergency resection 1050 (82.4) 465 (77.4) 585 (86.8) <0.001
DS as BTS 171 (13.4) 114 (19.0) 57 (8.5)
SEMS as BTS 54 (4.2) 22 (3.7) 32 (4.7)

Neoadjuvant therapy during bridging interval No 1248 (97.9) 586 (97.5) 662 (98.2) 0.376
Yes 27 (2.1) 15 (2.5) 12 (1.8)

(Par)enteral feeding during bridging interval No 1246 (97.7) 587 (97.7) 659 (97.8) 0.90
Yes 29 (2.3) 14 (2.3) 15 (2.2)

Type of resection Segmental resection 1210 (94.9) 587 (97.7) 623 (92.4) <0.001
Subtotal colectomy 64 (5.0) 13 (2.2) 51 (7.6)
Missing 1 (0.1) 1 (0.2) 0 (0)

Primary anastomosis No 1001 (78.5) 393 (65.4) 608 (90.2) <0.001
Yes 274 (21.5) 208 (34.6) 66 (9.8)
Missing 0 (0) 0 (0) 0 (0)

Resection related complications No 742 (58.2) 371 (61.7) 371 (55.0) 0.016
Yes 533 (41.8) 230 (38.3) 303 (45.0)

pTNM stage** I-III 1134 (88.9) 562 (93.5) 572 (84.9) <0.001
IV 141 (11.1) 39 (6.5) 102 (15.1)

Able to receive adjuvant chemotherapy No 726 (56.9) 270 (44.9) 456 (67.7) <0.001
Yes 549 (43.1) 331 (55.1) 218 (32.3)

ASA: American Society of Anesthesiology, BMI: Body Mass Index, SEMS: Self Expandable Metal Stent, DS: Decompressing Stoma, BTS: Bridge to Surgery followed by resection,
pTNM: pathological TNM stage, p: p-value, NA: not applicable. *: Median (IQR) 31 (18e50) months **: cM is also used to identify metastases for pTNM staging.

B. Zamaray, J.V. Veld, T.A. Burghgraef et al. European Journal of Surgical Oncology 49 (2023) 738e746
risk factors for a PS. This is in line with rectal cancer studies,
identifying comparable variables to be independently associated
with PS after rectal cancer surgery [7,9,23e25].

Female patients had a higher risk of a PS compared to male
patients. This might be explained by confounders. One of these
confounders is previous abdominal surgery. Previous abdominal
surgery was found to be a significant predictor of PS in univariable
analysis, but was no longer significant in the multivariable analysis.
Further analysis of the data demonstrated that female patients have
significantly more previous abdominal surgery compared to male
patients. A reason for this might be pregnancy/gynaecology related
interventions with related pelvic floor disorders.

The procedural predictive variables open surgery and ER were
previously reported as risk factors for a PS [1,22e24]. Probably,
open surgery is not causally related to PS and several confounders
might play a role in this observed association. Open procedures
might have been performed more often by non-GI surgeons, lead-
ing to more PS [26]. Also, open surgery might correlate with, ileus,
sepsis, or a challenging procedure [26]. All these factors are
inherently associated with poor postoperative outcomes, and these
conditions might be reasons not to construct a primary anasto-
mosis [27e29]. Studies in diverticulitis also revealed that stomas
are less often reversed if index surgerywas performed open instead
742
of laparoscopically [30]. Concerning ER, this strategy in itself also
increases the risk of complications and stoma placement
[10,22,31e33]. The current results underline the latter, with ER
being an independent risk factor for PS in themultivariable analysis
at T0.

Both BTS techniques appeared to decrease the risk of PS.
Decompressing the distended bowel will facilitate the construction
of a primary anastomosis and reduce the risk of anastomotic
leakage, consequently decreasing the risk of a PS.2929 Moreover,
patient condition can be optimized during the BTS interval by
adequate feeding, which also optimizes surgical conditions with
higher chance of primary restoration of bowel continuity.

At T1, decompressing stoma was associated with lower PS rates
in the current analysis. However, in the multivariable analysis no
risk reduction was seen. This can be explained by the correlation of
decompressing stomawith the variable “primary anastomosis”. If a
decompressing stoma is placed as primary intervention, surgeons
tend to keep this stoma in situ to protect the primary anastomosis
that is made after resection. Apparently, the decompressing stoma
that subsequently functions as a protective stoma is often reversed
at a later stage. This confirms previous observations [34].

Interestingly, receiving adjuvant chemotherapy was associated
with a lower risk of PS. A possible explanation might be that



Table 3
Univariable and multivariable analysis of risk factors for permanent stoma at T0, with a minimum follow-up of 6 months*.

Variable Univariable analysis Multivariable analysis

OR (95% CI) P OR (95% CI) P

Age Mean 1.06 (1.05, 1.07) <0.001 1.05 (1.04, 1.06) <0.001
Sex Male Reference Reference

Female 1.17 (0.98, 1.40) 0.078 1.31 (1.07, 1.59) 0.008
ASA score ASA I-II Reference Reference

ASA III-IV 2.37 (1.95, 2.88) <0.001 1.84 (1.49, 2.28) <0.001
BMI 18.5e25.0 Reference Reference

<18.5 1.78 (0.94, 3.36) 0.076
25.0e30.0 1.01 (0.82, 1.25) 0.895
>30.0 1.12 (0.82, 1.52) 0.477

Tumor location Sigmoid Reference Reference
Splenic flexure 0.64 (0.48, 0.84) 0.001 0.62 (0.46, 0.84) 0.002
Descending colon 0.65 (0.51, 0.83) <0.001 0.64 (0.49, 0.83) 0.001

Hemoglobin at presentation (mmol/L) >7.0 Reference Reference
�7.0 1.78 (1.34, 2.37) <0.001 1.40 (1.02, 1.93) 0.040

Creatinine at presentation (umol/L) (first) �110 Reference Reference
110e200 1.28 (0.97, 1.69) 0.077
>200 4.89 (1.75, 13.65) 0.002

CRP at presentation (mg/L) �10 Reference Reference
10e50 1.54 (1.27, 1.88) <0.001 1.35 (1.09, 1.67) 0.006
>50 2.52 (1.94, 3.28) <0.001 2.20 (1.65, 2.94) <0.001

cT stage cT1-3, cTx Reference
cT4 1.09 (0.71, 1.68) 0.64

Metastases at presentation cM0, cMx Reference Reference
Yes 1.99 (1.47, 2.70) <0.001 2.95 (2.11, 4.11) <0.001

Treatment in high caseload hospital No Reference
Yes 1.00 (0.81, 1.22) 0.98

Interval between presentation and first intervention �24 h Reference
>24 h 1.09 (0.91, 1.30) 0.37

Approach Laparoscopic Reference Reference
Open 2.66 (2.02, 3.50) <0.001 2.03 (1.48, 2.79) <0.001

Treatment Emergency resection Reference Reference
DS as BTS 0.47 (0.35, 0.63) <0.001 0.64 (0.45, 0.90) 0.01
SEMS as BTS 0.39 (0.27, 0.56) <0.001 0.40 (0.27, 0.60) <0.001

ASA: American Society of Anesthesiology, CRP: C-Reactive Protein, cT: clinical Tumor stage, cM: clinical Metastasis stage, BMI: Body Mass Index, SEMS: Self-Expandable Metal
Stent, DS: Diverting Stoma, BTS: Bridge To Surgery, OR: Odds Ratio, CI: Confidence Interval, p: p-value. *: Median (IQR) 34 (19e54) months.
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patients who are not able to receive adjuvant chemotherapy are in
poor condition. Patients did not receive adjuvant chemotherapy
probably because of postoperative complications, severe comor-
bidities, malnutrition, or any other reason related to poor health
status, and are therefore also less likely to have their stoma
reversed.

We build twoweb-based predictive tools that can be easily used
by physicians (supplementary 1 and supplementary 2). Both tools
can assist the physician in informing the patient about the proba-
bility of a PS. Previous studies have demonstrated that preoperative
stoma education leads to better acceptance andmanagement of the
stoma [35]. The web-tools will also give physicians insight into the
role of the individual variables on the probability of a PS. This is
especially relevant considering the fact that several surgical treat-
ment variables appeared to be associated with risk of PS.

The current study has several limitations. Due to the retro-
spective design, this study is at risk of selection bias. The DCRA
database only includes patients who had resection of colon cancer.
Thus, patients who had a SEMS or decompressing stoma as BTS but
never underwent tumour resection, for instance due to disease
progression, were not included. On the contrary, all patients
receiving ER were included. However, the impact on the findings
might be limited, because patients with palliative treatment in the
ER group were excluded. Furthermore, patients who have a stoma
in situ at T1 are more at risk of having certain baseline (T0) risk
factors for a PS. For instance, surgeons are more likely to place a
stoma in patients with higher ASA score, to reduce the risk of
anastomotic leakage [27]. Also, the reason and considerations why
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a stoma became a PS is not documented. Moreover, all patients who
died within 6 months or were lost to follow-up within 6 months
after resection are excluded. However, if these patients would be
included, these patients would not have had enough time to have
their stoma reversed. Thus, they would be scored as patients with
PS incorrectly. Finally, the minimum follow-up period of 6 months
in the current study might be short to definitively conclude that a
stoma is permanent. Patients with a stomawhowere lost to follow-
up after 6 months might still have their stoma reversed elsewhere.
However, with amedian (IQR) follow-up of 34 (19e54)months, this
might concern a limited number of patients.

In conclusion, this study demonstrates that after resection of
LSOCC, 37% of the patients are left with a PS. If a stoma is left in situ
after resection of LSOCC, 53% of these patients will have a PS. Not
only patient and tumour characteristics, but also treatment stra-
tegies affect the risk of a PS. This should be taken into account when
treating LSOCC. The web-based predictive tools have acceptable to
excellent predicting ability and should be further tested in clinical
practice.
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Table 4
Multivariable analysis of risk factors for a permanent stoma at T1, with a minimum follow-up of 6 months*.

T1 - Stoma in situ after resection of LSOCC (n ¼ 1275)

Univariable analysis Multivariable analysis

OR (95% CI) p OR (95% CI) p

Age Mean 1.07 (1.06, 1.08) <0.001 1.07 (1.05, 1.09) <0.001
Sex Male Reference Reference

Female 1.33 (1.07, 1.67) 0.011 1.50 (1.12, 1.94) 0.002
ASA score ASA I-II Reference Reference

ASA III-IV 2.17 (1.70, 2.77) <0.001 1.50 (1.14, 1.99) 0.004
BMI 18.5e25.0 Reference Reference

<18.5 2.34 (0.96, 5.70) 0.06
25.1e30.0 0.97 (0.75, 1.26) 0.83
>30.0 1.01 (0.69, 1.48) 0.95

Tumor location Sigmoid Reference Reference
Splenic flexure 0.98 (0.68, 1.41) 0.90
Descending colon 1.02 (0.74, 1.41) 0.89

Interval between presentation and first intervention �1 day Reference Reference
>1 day 0.86 (0.69, 1.08) 0.19

Approach Laparoscopic Reference Reference
Open/Conversion 2.62 (1.85, 3.73) <0.001 1.58 (1.03, 2.40) 0.035

Treatment Emergency resection Reference Reference
DS as BTS 0.40 (0.28, 0.56) <0.001
SEMS as BTS 1.16 (0.66, 2.02) 0.61

Neoadjuvant therapy during bridging interval No Reference Reference
Yes 0.71 (0.33, 1.53) 0.34

Parenteral feeding during bridging interval No Reference Reference
Yes 0.95 (0.46, 1.99) 0.90

Type of resection Segmental resection Reference Reference
Subtotal colectomy 3.70 (1.99, 6.88) <0.001 4.38 (2.17, 8.82) <0.001

Primary anastomosis No Reference Reference
Yes 0.21 (0.15, 0.28) <0.001 0.22 (0.15, 0.31) <0.001

Resection related complications No Reference Reference
Yes 1.31 (1.05, 1.64) 0.02

pTNM stage** I-III Reference Reference
IV 2.57 (1.75, 3.78) <0.001 5.06 (3.19, 8.03) <0.001

Able to receive adjuvant chemotherapy No Reference Reference
Yes 0.39 (0.31, 0.49) <0.001 0.64 (0.49, 0.86) 0.002

ASA: American Society of Anesthesiology, BMI: Body Mass Index, SEMS: Self-Expandable Metal Stent, DS: Diverting Stoma, BTS: Bridge to Surgery, OR: Odds Ratio, CI:
Confidence Interval, p: p-value. *: Median (IQR) 31 (18e50) months. **: cM is also used to identify metastases in pTNM stage.

Fig. 2. Receiver operating curve of T0 model. cvAUC: cross-validated Area Under the
Curve.
cvAUC: 0.74.

Fig. 3. Receiver operating curve of T1 model. cvAUC: cross-validated Area Under the
Curve.
cvAUC: 0.81.

B. Zamaray, J.V. Veld, T.A. Burghgraef et al. European Journal of Surgical Oncology 49 (2023) 738e746

744



B. Zamaray, J.V. Veld, T.A. Burghgraef et al. European Journal of Surgical Oncology 49 (2023) 738e746
(UK), Motus GI (USA), MicroTech (China) and eNose (Netherlands),
and is in the advisory board of Motus GI (USA) and Boston Scientific
(USA). The authors declare no other conflict of interest. The
research plan was not preregistered.

CRediT authorship contribution statement

Bobby Zamaray: Conceptualization, Methodology, Validation,
Formal analysis, Investigation, Resources, Data curation, Writing e

original draft, Writing e review & editing, Visualization. J.V. Veld:
Conceptualization, Methodology, Validation, Formal analysis, Re-
sources, Data curation, Writing e original draft, Writing e review&
editing. T.A. Burghgraef: Conceptualization, Methodology, Re-
sources, Data curation, Writing e review & editing. R. Brohet:
Methodology, Validation, Formal analysis, Investigation, Resources,
Data curation, Writing e review & editing. H.L. van Westreenen:
Conceptualization, Methodology, Validation, Writing e review &
editing, Supervision, Project administration, Funding acquisition.
J.E. van Hooft: Conceptualization, Methodology, Writing e review
& editing, Funding acquisition. P.D. Siersema: Conceptualization,
Methodology, Writing e review & editing, Funding acquisition. P.J.
Tanis: Conceptualization, Methodology, Writing e review & edit-
ing, Supervision, Funding acquisition. E.C.J. Consten: Conceptuali-
zation, Methodology, Writing e review & editing, Supervision,
Funding acquisition.

Acknowledgements

Dutch Snapshot Research Group collaborators (DSRG): H. Algera,
G.D. Algie, C.S. Andeweg, T.E. Argillander, M.N.N.J. Arron, K. Arts,
T.H.J. Aufenacker, M. van Basten Batenburg, A.J.N.M. Bastiaansen,
G.L. Beets, W.A. Bemelman, A. van den Berg, B. van de Beukel,
R.L.G.M. Blom, B. Blomberg, E.G. Boerma, F.C. den Boer, F. ter Borg,
W.A.A. Borstlap, N.D. Bouvy, J.E. Bouwman, N.D.A. Boye, A.R.M.
Brandt-Kerkhof, H.T. Bransma, A. Breijer, W.T. van den Broek, M.E.E.
Broker, J.P.M. Burbach, E.R.J. Bruns, R.M.P.H. Crolla, M. Dam, L.
Daniels, J.W.T. Dekker, A. Demirkiran, K.W. van Dongen, S.F. Dur-
maz, A. van Esch, J.A. van Essen, P. Fockens, J.W. Foppen, E.J.B.
Furnee, A.A.W. van Geloven, M.F. Gerhards, E.A. Gorter, W.M.U. van
Grevenstein, J. van Groningen, I.A.J. de Groot-van Veen, H.E. Haak,
J.W.A. de Haas, P. van Hagen, E.E. van Halsema, J.T.H. Hamminga, K.
Havenga, B. van den Hengel, E. van der Harst, J. Heemskerk, J.
Heeren, B.H.M. Heijnen, L. Heijnen, J.T. Heikens, M. van Heinsber-
gen, D.A. Hess, N. Heuchemer, C. Hoff, W. Hogendoorn, A.P.J. Hou-
dijk, N. Hugen, B. Inberg, T.L. Janssen, D. Jean Pierre, W.J. de Jong,
A.C.H.M. Jongen, A.V. Kamman, J.M. Klaase,W. Kelder, E.F. Kelling, R.
Klicks, G.W. De Klein, F.W.H. Kloppenberg, J.L.M. Konsten, L.J.E.R.
Koolen, V. Kornmann, R.T.J. Kortekaas, A. Kreiter, B. Lamme, J.F.
Lange, T. Lettinga, D. Lips, G. Lo, F. Logeman, Y.T. van Loon, M.F. Lutke
Holzik, C.C.M. Marres, I. Masselink, A. Mearadji, G. Meisen, A.G.
Menon, J.W.S. Merkus, D.J.L.M. de Mey, H.C.J. van der Mijle, D.E.
Moes, C.J.L. Molenaar, M.J. Nieboer, K. Nielsen, G.A.P. Nieu-
wenhuijzen, P.A. Neijenhuis, P. Oomen, N. van Oorschot, K. Parry,
K.C.M.J. Peeters, T. Paulides, I. Paulusma, F.B. Poelmann, S.W. Polle, P.
Poortman, M.H. Raber, R.J. Renger, B.M.M. Reiber, R. Roukema,
W.M.J. de Ruijter, M.J.A.M. Russchen, H.J.T. Rutten, J. Scheerhoorn, S.
Scheurs, H. Schippers, V.N.E. Schuermans, H.J. Schuijt, J.C. Sierink, C.
Sietses, R. Silvis, J. van der Slegt, G.D. Slooter, M. van der Sluis, P. van
der Sluis, N. Smakman, D. Smit, A.B. Smits, T.C. van Sprundel, D.J.A.
Sonneveld, C. Steur, J. Straatman, M.C. Struijs, H.A. Swank, A.K.
Talsma, M. Tenhagen, J.A.M.G. Tol, J.L. Tolenaar, L. Tseng, J.B. Tuyn-
man, M.J.F. van Veen, S.C. Veltkamp, A.W.H. van de Ven, L. Verkoele,
M. Vermaas, H.P. Versteegh, L. Verslijs, T. Visser, J.H.W. de Wilt, D.
van Uden, W.J. Vles, R.J. de Vos tot Nederveen Cappel, H.S. de Vries,
S.T. van Vugt, G. Vugts, J.A. Wegdam, T.J. Weijs, B.J. van Wely, M.
745
Westerterp, H.L. van Westreenen, B. Wiering, N.A.T. Wijffels, A.A.
Wijkmans, L.H. Wijngaarden, M. van de Wilt, F. Wit, E.S. van der
Zaag, D.D.E. Zimmerman, T.L.R. Zwols.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ejso.2022.12.008.

References

[1] Arezzo A, Passera R, lo Secco G, et al. Stent as bridge to surgery for left-sided
malignant colonic obstruction reduces adverse events and stoma rate
compared with emergency surgery: results of a systematic review and meta-
analysis of randomized controlled trials. Gastrointest Endosc 2017;86(3):
416e26. https://doi.org/10.1016/j.gie.2017.03.1542.

[2] Veld JV, Amelung FJ, Borstlap WAA, et al. Changes in management of left-sided
obstructive colon cancer: national practice and guideline implementation.
J Natl Compr Cancer Netw 2019;17(12):1512e20. https://doi.org/10.6004/
jnccn.2019.7326.

[3] van Ommeren, Olijve SJ, Burbach JPM, Furn�ee EJB, et al. Risk factors for non-
closure of an intended temporary defunctioning stoma after emergency
resection of left-sided obstructive colon cancer. Int J Colorectal Dis 2020;35(6).
https://doi.org/10.1007/s00384-020-03559-1.

[4] €Oist€am€o E, Hjern F, Blomqvist L, Falk�en Y, Pekkari K, Abraham-Nordling M.
Emergency management with resection versus proximal stoma or stent
treatment and planned resection in malignant left-sided colon obstruction.
World J Surg Oncol 2016;14(1). https://doi.org/10.1186/s12957-016-0994-2.

[5] Arezzo A, Passera R, lo Secco G, et al. Stent as bridge to surgery for left-sided
malignant colonic obstruction reduces adverse events and stoma rate
compared with emergency surgery: results of a systematic review and meta-
analysis of randomized controlled trials. Gastrointest Endosc 2017;86(3):
416e26. https://doi.org/10.1016/j.gie.2017.03.1542.

[6] Amelung FJ, van ’t Hullenaar CPD, Verheijen PM, Consten ECJ. Dubbelloops
ileostoma versus colostoma: wat verdient de voorkeur? Ned Tijdschr Gen-
eeskd 2017:161.

[7] Schlesinger NH, Smith H. The effect of a diverting stoma on morbidity and risk
of permanent stoma following anastomotic leakage after low anterior resec-
tion for rectal cancer: a nationwide cohort study. doi:10.1007/s00384-020-
03625-8/Published.

[8] Gavriilidis P, Azoulay D, Taflampas P. Loop transverse colostomy versus loop
ileostomy for defunctioning of colorectal anastomosis: a systematic review,
updated conventional meta-analysis, and cumulative meta-analysis. Surg
Today 2019;49(2). https://doi.org/10.1007/s00595-018-1708-x.

[9] Kim MJ, Kim YS, Park SC, et al. Risk factors for permanent stoma after rectal
cancer surgery with temporary ileostomy. Surgery 2016;159(3):721e7.
https://doi.org/10.1016/j.surg.2015.09.011.

[10] Veld Jv, Amelung FJ, Borstlap WAA, et al. Comparison of decompressing stoma
vs stent as a bridge to surgery for left-sided obstructive colon cancer. JAMA
Surg 2020;155(3):206e15. https://doi.org/10.1001/jamasurg.2019.5466.

[11] Amelung FJ, Mulder CLJ, Verheijen PM, Draaisma WA, Siersema PD,
Consten ECJ. Acute resection versus bridge to surgery with diverting co-
lostomy for patients with acute malignant left sided colonic obstruction:
systematic review and meta-analysis. Surg Oncol 2015;24(4). https://doi.org/
10.1016/j.suronc.2015.10.003.

[12] Veld J, Umans D, van Halsema E, et al. Self-expandable metal stent (SEMS)
placement or emergency surgery as palliative treatment for obstructive
colorectal cancer: a systematic review and meta-analysis. Crit Rev Oncol
Hematol 2020;155. https://doi.org/10.1016/j.critrevonc.2020.103110.

[13] Cirocchi R, Arezzo A, Sapienza P, et al. Current status of the self-expandable
metal stent as a bridge to surgery versus emergency surgery in colorectal
cancer: results from an updated systematic review and meta-analysis of the
literature. Medicina 2021;57(3). https://doi.org/10.3390/medicina57030268.

[14] Kim S, Kim MH, Oh JH, et al. Predictors of permanent stoma creation in pa-
tients with mid or low rectal cancer: results of a multicentre cohort study
with preoperative evaluation of anal function. Colorectal Dis 2020;22(4):
399e407. https://doi.org/10.1111/codi.14898.

[15] Gessler B, Haglind E, Angenete E. Loop ileostomies in colorectal cancer
patients-morbidity and risk factors for nonreversal. J Surg Res 2012;178(2):
708e14. https://doi.org/10.1016/j.jss.2012.08.018.

[16] Mak JCK, Foo DCC, Wei R, LawWL. Sphincter-preserving surgery for low rectal
cancers: incidence and risk factors for permanent stoma. World J Surg
2017;41(11). https://doi.org/10.1007/s00268-017-4090-8.

[17] Jutesten H, Draus J, Frey J, et al. High risk of permanent stoma after anasto-
motic leakage in anterior resection for rectal cancer. Colorectal Dis
2019;21(2). https://doi.org/10.1111/codi.14469.

[18] Borstlap WAA, Deijen CL, den Dulk M, et al. Benchmarking recent national
practice in rectal cancer treatment with landmark randomized controlled
trials. Colorectal Dis 2017;19(6). https://doi.org/10.1111/codi.13644.

[19] Centers Dis Control Prev. Prevention C for DC and defining adult overweight
and obesity | overweight & obesity | CDC. Published online, 1, https://www.

https://doi.org/10.1016/j.ejso.2022.12.008
https://doi.org/10.1016/j.gie.2017.03.1542
https://doi.org/10.6004/jnccn.2019.7326
https://doi.org/10.6004/jnccn.2019.7326
https://doi.org/10.1007/s00384-020-03559-1
https://doi.org/10.1186/s12957-016-0994-2
https://doi.org/10.1016/j.gie.2017.03.1542
http://refhub.elsevier.com/S0748-7983(22)01354-3/sref6
http://refhub.elsevier.com/S0748-7983(22)01354-3/sref6
http://refhub.elsevier.com/S0748-7983(22)01354-3/sref6
https://doi.org/10.1007/s00595-018-1708-x
https://doi.org/10.1016/j.surg.2015.09.011
https://doi.org/10.1001/jamasurg.2019.5466
https://doi.org/10.1016/j.suronc.2015.10.003
https://doi.org/10.1016/j.suronc.2015.10.003
https://doi.org/10.1016/j.critrevonc.2020.103110
https://doi.org/10.3390/medicina57030268
https://doi.org/10.1111/codi.14898
https://doi.org/10.1016/j.jss.2012.08.018
https://doi.org/10.1007/s00268-017-4090-8
https://doi.org/10.1111/codi.14469
https://doi.org/10.1111/codi.13644
https://www.cdc.gov/obesity/adult/defining.html


B. Zamaray, J.V. Veld, T.A. Burghgraef et al. European Journal of Surgical Oncology 49 (2023) 738e746
cdc.gov/obesity/adult/defining.html. [Accessed 23 March 2021].
[20] Hosmer DW, Lemeshow S, Sturdivant RX. Applied logistic regression. Wiley;

2013. https://doi.org/10.1002/9781118548387.
[21] €Oist€am€o E, Hjern F, Blomqvist L, Falk�en Y, Pekkari K, Abraham-Nordling M.

Emergency management with resection versus proximal stoma or stent
treatment and planned resection in malignant left-sided colon obstruction.
World J Surg Oncol 2016;14(1):232. https://doi.org/10.1186/s12957-016-
0994-2.

[22] van Hooft JE, Bemelman WA, Oldenburg B, et al. Colonic stenting versus
emergency surgery for acute left-sided malignant colonic obstruction: a
multicentre randomised trial. Lancet Oncol 2011;12(4):344e52. https://
doi.org/10.1016/S1470-2045(11)70035-3.

[23] Zhou X, Wang B, Li F, Wang J, Fu W. Risk factors associated with nonclosure of
defunctioning stomas after sphincter-preserving low anterior resection of
rectal cancer: a meta-analysis. Dis Colon Rectum 2017;60(5):544. https://
doi.org/10.1097/DCR.0000000000000819. 554.

[24] Li C, Qin X, Yang Z, et al. A nomogram to predict the incidence of permanent
stoma in elderly patients with rectal cancer. Ann Transl Med 2021;9(4):342.
https://doi.org/10.21037/atm-21-29. 342.

[25] Pan HD, Peng YF, Wang L, et al. Risk factors for nonclosure of a temporary
defunctioning ileostomy following anterior resection of rectal cancer. Dis
Colon Rectum 2016;59(2):94e100. https://doi.org/10.1097/
DCR.0000000000000520.

[26] Keller DS, Pedraza R, Flores-Gonzalez JR, LeFave JP, Mahmood A, Haas EM. The
current status of emergent laparoscopic colectomy: a population-based study
of clinical and financial outcomes. Surg Endosc 2016;30(8):3321e6. https://
doi.org/10.1007/s00464-015-4605-z.

[27] Kryzauskas M, Bausys A, Degutyte AE, et al. Risk factors for anastomotic
leakage and its impact on long-term survival in left-sided colorectal cancer
746
surgery. World J Surg Oncol 2020;18(1):205. https://doi.org/10.1186/s12957-
020-01968-8.

[28] Telem DA. Risk factors for anastomotic leak following colorectal surgery. Arch
Surg 2010;145(4):371. https://doi.org/10.1001/archsurg.2010.40.

[29] Venara A, Hamel JF, Beyer-Berjot L, et al. Link between postoperative ileus and
anastomotic leakage: a structural equation modelling approach. Surg. Open
Digestive Advan. 2021;2:100009. https://doi.org/10.1016/j.soda.2021.100009.

[30] Vennix S, Lips DJ, di Saverio S, et al. Acute laparoscopic and open sigmoi-
dectomy for perforated diverticulitis: a propensity score-matched cohort.
Surg Endosc 2016;30(9):3889e96. https://doi.org/10.1007/s00464-015-4694-
8.

[31] Boland PA, Kelly ME, Donlon NE, et al. Outcomes following colonic stenting for
malignant left-sided bowel obstruction: a systematic review of randomised
controlled trials. Int J Colorectal Dis 2019;34(10):1625e32. https://doi.org/
10.1007/s00384-019-03378-z.

[32] Tan L, lin Liu Z, ni Ran M, et al. Comparison of the prognosis of four different
treatment strategies for acute left malignant colonic obstruction: a systematic
review and network meta-analysis. World J Emerg Surg 2021;16(1):11.
https://doi.org/10.1186/s13017-021-00355-2.

[33] Veld Jv, Amelung FJ, Borstlap WAA, et al. Decompressing stoma a s bridge to
elective surgery is an effective strategy for left-sided obstructive colon cancer.
Ann Surg 2020;272(5):738e43. https://doi.org/10.1097/
SLA.0000000000004173.

[34] Kronborg O. Acute obstruction from tumour in the left colon without spread.
Int J Colorectal Dis 1995;10(1):1e5. https://doi.org/10.1007/BF00337576.

[35] Wasserman M, McGee M. Preoperative considerations for the ostomate. Clin
Colon Rectal Surg 2017;30:157e61. https://doi.org/10.1055/s-0037-1598155.
03.

https://www.cdc.gov/obesity/adult/defining.html
https://doi.org/10.1002/9781118548387
https://doi.org/10.1186/s12957-016-0994-2
https://doi.org/10.1186/s12957-016-0994-2
https://doi.org/10.1016/S1470-2045(11)70035-3
https://doi.org/10.1016/S1470-2045(11)70035-3
https://doi.org/10.1097/DCR.0000000000000819
https://doi.org/10.1097/DCR.0000000000000819
https://doi.org/10.21037/atm-21-29
https://doi.org/10.1097/DCR.0000000000000520
https://doi.org/10.1097/DCR.0000000000000520
https://doi.org/10.1007/s00464-015-4605-z
https://doi.org/10.1007/s00464-015-4605-z
https://doi.org/10.1186/s12957-020-01968-8
https://doi.org/10.1186/s12957-020-01968-8
https://doi.org/10.1001/archsurg.2010.40
https://doi.org/10.1016/j.soda.2021.100009
https://doi.org/10.1007/s00464-015-4694-8
https://doi.org/10.1007/s00464-015-4694-8
https://doi.org/10.1007/s00384-019-03378-z
https://doi.org/10.1007/s00384-019-03378-z
https://doi.org/10.1186/s13017-021-00355-2
https://doi.org/10.1097/SLA.0000000000004173
https://doi.org/10.1097/SLA.0000000000004173
https://doi.org/10.1007/BF00337576
https://doi.org/10.1055/s-0037-1598155

	Risk factors for a permanent stoma after resection of left-sided obstructive colon cancer – A prediction model
	1. Introduction
	2. Materials and methods
	2.1. Design
	2.2. Population
	2.3. Primary outcome and definitions
	2.4. Predictive variables
	2.5. Statistical analysis

	3. Results
	3.1. Patient characteristics
	3.2. Logistic regression analysis
	3.3. Predictive model

	4. Discussion
	Disclaimer
	CRediT authorship contribution statement
	Acknowledgements
	Appendix A. Supplementary data
	References


