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Abstract
Purpose  Although not as life-threatening as anastomotic leakage, anastomotic stricture reduces the quality of life. The 
risk factors for such an important life complication have not been revealed. This article examines the risk factors affecting 
anastomotic strictures due to colorectal cancers.
Methods  Patients who underwent anterior and low anterior resection for colorectal cancer under elective conditions between 
2015 and 2021 were included in the study. The patients were divided into two groups, those who developed anastomotic 
stricture and those who did not. The parameters determined between the two groups were compared, and multivariate analysis 
of statistically significant parameters was performed.
Results  A total of 375 patients were included in the study. The anastomotic stricture was detected in 36 (9.6%) patients. 
In the multivariate analysis, non-mobilization of the splenic flexure and a proximal clean surgical margin of < 10 cm and a 
distal surgical margin of < 2 cm were identified as risk factors affecting anastomotic stricture. The risk factor with the highest 
odds ratio in the development of anastomotic stricture is the non-mobilization of the splenic flexure (p = 0.001, OR 11.375).
Conclusion  It is recommended that the mobilization of the splenic flexure to reduce the development of strictures. In addi-
tion, a clean surgical margin of 10 cm proximally and 2 cm distally and high ligation of the inferior mesenteric artery may 
reduce the development of stricture.
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Colorectal cancer (CRC) is the third most common malig-
nancy worldwide and the second leading cause of cancer-
related death in 2018 [1]. Surgery is the gold standard treat-
ment for colorectal cancer. In addition to surgical treatment, 
neoadjuvant CRT and cytotoxic chemotherapy have also 
improved survival rates [2–4].

Some complications related to anastomosis may develop 
in the surgical treatment of colorectal cancer. Anastomotic 
leakage is the most important life-threatening complication 
and occurs in 1–30% of patients [4, 5]. Many studies have 
been conducted to reveal the causes of anastomotic leaks 
[6–8].

The second important complication related to anastomo-
sis is anastomosis strictures. These complications occur in 
3–30% of patients [9, 10]. Although not as life-threatening 
as anastomotic leakage, anastomotic stricture reduces the 
quality of life and creates additional costs for treatment. 
Anastomotic stricture may cause urgent defecation, incon-
tinence, and obstructions in advanced cases [11]. The risk 
factors for such an important life complication have not been 
revealed yet. By revealing the risk factors that affect the 
development of stricture, these rates may decrease, which 
may positively affect the patients’ quality of life.

The current study aims to investigate the risk factors that 
are effective in forming benign anastomosis strictures in 
patients with colorectal cancer who underwent anterior and 
low anterior resection.

Materials and methods

The files of patients who underwent anterior and low ante-
rior resection for colorectal cancer under elective conditions 
in the general surgery department of Bakırkoy Training and 
Research Hospital between 2015 and 2021 were reviewed. 
Although the study was designed retrospectively, data were 
collected prospectively.

Patients who were diagnosed with colorectal cancer, 
stage 1–4 according to American Joint Committee on 
Cancer (AJCC) (8th edition), underwent anterior or low 
anterior resection and colorectal anastomosis, those with 
intact anastomosis and had moderate clinical status with 
post-operative radiological anastomotic leakage with anas-
tomotic continuity (including patients who performed sec-
ondary diverting ileostomy), and patients over 18 years of 
age were included in the study. Patients under 18 under-
went abdominoperineal resection, and in the second sur-
gery, performed Hartman colostomy for uncontrollable 

anastomotic leakage, patients who did not attend follow-up 
controls, and patients with local recurrence in colonosco-
pies were not included in the study.

Anastomosis performed above the peritoneal reflection 
was accepted as anterior resection, and anastomosis per-
formed below the peritoneal reflection was considered low 
anterior resection.

Anastomotic leaks included in the study describe 
patients without generalized peritonitis who were treated 
with drains and/or antibiotic therapy (Intravenous Cipro-
floxacin + Metronidazole) alone or underwent secondary 
ileostomy and endoscopic clips. Patients who underwent 
Hartman colostomy due to anastomotic leakage were 
excluded from the study.

All surgeries were performed by experienced colorectal 
surgeons working in the gastrointestinal surgery depart-
ment of our clinic.

All anastomosis procedures of the patients were per-
formed mechanically, and a circular stapler (EEA 31 mm 
DST circular stapler) was used during these procedures. 
All anastomoses were performed using the end-to-end 
technique.

The patients were divided into two groups: those with 
and without anastomotic stricture. The group with anas-
tomotic stricture included patients with stenosis that did 
not allow the passage of colonoscopy. All patients who 
underwent colonoscopy through the anastomosis without 
difficulty defined the group that did not develop anasto-
motic stricture.

All colonoscopies were performed and followed up by 
experienced colorectal surgeons. All colonoscopy pro-
cedures were performed with 12.8  mm diameter adult 
colonoscopies.

The formation of stenosis was detected in the colonos-
copies performed for complaints, such as constipation and 
incontinence of the patients, and in the control colonosco-
pies performed for annual control time or ileostomy closure.

A colonoscopic evaluation was performed on all patients 
included in the study. It was pathologically confirmed that 
the developing strictures were benign. Local recurrence or 
malignant strictures were excluded from the study.

Patients’ ages, genders, body mass index (BMI) values, 
comorbidities, American Society of Anesthesiology (ASA) 
scores, neoadjuvant treatments, types of surgery, post-oper-
ative complications, post-operative pathologies, presence of 
distant metastases, and post-operative chemotherapy were 
recorded. The obtained data were compared between the 
two groups, and multivariate analysis was performed for the 
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parameters with statistically significant differences between 
the two groups.

Ethical approval

All procedures in this study involving human participants 
were performed following the standard ethical guidelines, 
including the 1964 Declaration of Helsinki and all later 
amendments. The ethics committee approval for the study 
was obtained from the local ethics committee (Ethics com-
mittee approval date: 07.06.2021 Decision no: 2011-11-18).

Statistical analysis

Statistical analyses were performed using the SPSS (Statisti-
cal Package for the Social Sciences) 24.0 program (Armonk, 
NY). While descriptive statistical methods (Mean, Standard 
Deviation, Median, Frequency, Ratio, Minimum, and Maxi-
mum) were used to evaluate the study data, the independent 
sample t-test was used to compare the parameters with nor-
mal distribution between the two groups. The Pearson Chi-
Square test was used in the analysis of qualitative data. Mul-
tivariate regression analysis was used to determine the effect 
levels. Statistical significance was evaluated at p < 0.01 and 
p < 0.05 levels.

Results

Between January 2015 and January 2021, 394 patients 
underwent anterior and low anterior resection for colorectal 
cancer under elective conditions in our clinic. Seven of these 
patients were excluded from the study because uncontrolla-
ble leakage developed in their anastomoses, and the Hartman 
colostomy procedure was performed, four of them had local 
recurrence in control colonoscopies, and eight of them did 
not come to the follow-up controls after surgery. After the 
exclusion of patients who did not meet the study criteria, a 
total of 375 patients were included in the study.

One-hundred-twenty-six patients had sigmoid colon, 72 
had rectosigmoid, and 177 had rectal tumors. According to 
AJCC, 82 patients were stage 1, 128 were stage 2, 126 were 
stage 3, and 39 were stage 4.

Low anterior resection was performed in 177 patients, 
and anterior resection was performed in 198 patients. Divert-
ing ileostomy was performed in 165 patients at the first oper-
ation. A secondary ileostomy was performed in four patients 
due to anastomotic leakage.

Forty-eight patients had moderate anastomotic leakage 
(fistula-like contrast leakage from the anastomosis and/
or local abscess developing adjacent to the anastomosis). 
Twenty-eight of these patients had a diverting ostomy. 
Endoscopic clips were placed in three of these patients, 

and the other patients were followed up with only drains. 
Anastomotic leakage was observed in 20 patients without 
diverting ileostomy in the first operation. Secondary ileos-
tomy was performed in four of them, and these patients 
were included in the ileostomy-positive group. The endo-
scopic clip procedure was applied to two patients. Inter-
ventional drainage was applied to five patients. The other 
nine patients were followed up with only drains.

Neoadjuvant chemoradiotherapy was performed on a 
total of 82 patients. Our clinical approach is to perform 
standard long-course neoadjuvant chemoradiotherapy, but 
short-course chemoradiotherapy was performed on three 
patients included in the study. Diverting ileostomy was 
performed in 75 (91.5%) of the patients who received neo-
adjuvant chemoradiotherapy.

Post-operative chemotherapy was performed in patients 
with neoadjuvant chemoradiotherapy, with lymph node 
and/or distant metastases, with pT4 and pT3 with low-
level microsatellite instability (MSI-L). A total of 239 
patients received post-operative chemotherapy.

In the colonoscopies performed on these patients, anas-
tomotic stricture was not detected in 339 patients, while 36 
patients had anastomotic stricture, and the rate of benign 
anastomotic stricture in this study was 9.6% (Fig. 1). Anas-
tomotic stenosis was detected in 20 patients during prepa-
rations for ileostomy closure. Stenosis was found in the 
control colonoscopies performed with the complaints of 
difficult defecation and frequent defecation in 12 patients 
and the 1st year control colonoscopy in four patients. 
Although there were no clinical complaints in these four 
patients, colonoscopy could not be advanced proximally 
from the anastomosis line.

While 34 patients who developed stenosis were treated 
with balloon dilatation, anastomosis was performed again 
in one patient. One patient did not want to be treated by 
choosing to live with an ileostomy due to his advanced age 
and comorbidities.

In the univariant analysis, genders, ASA Scores, Charl-
son comorbidity index (CCI), diabetes mellitus (DM), 
heart failure (HF), hypertension (HT), chronic obstructive 
pulmonary disease (COPD), smoking status of patients, 
stages of tumor (according to AJCC), presence of distant 
metastases, neoadjuvant chemoradiotherapy intakes, sur-
gery time and surgery types (open, laparoscopic, robotic), 
operation times after neoadjuvant treatment, pathology 
results (stages of tumors according to AJCC, T stage, pres-
ence of lymph node metastases, number of lymph nodes 
removed, histological type of tumor), clinically moder-
ate anastomotic leakages, and the rates of post-operative 
chemotherapy did not differ statistically between the two 
groups (Tables 1, 2, 3).

While a higher mean BMI was an effective risk fac-
tor for the development of anastomotic stricture in the 
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univariate analysis, it was found to have no effect in the 
multivariate analysis (p = 0.029, p = 0.136, respectively) 
(Tables 1 and 4).

Diverting ileostomy was performed in 169 (45%) patients. 
Four of them had a secondary ileostomy. Although diverting 
loop ileostomy was detected as a risk factor affecting anasto-
motic stricture in the univariate analysis, it was determined 
that it had no effect in the multivariate analysis (p = 0.006, 
p = 0.121, respectively) (Table 3 and 4).

The distal surgical margin being at a distance of 0–2 cm 
from the mass and the proximal surgical margin being less 
than 10 cm were found to be risk factors affecting anasto-
motic stricture in both the univariant (p = 0.001) (Table 3) 
and multivariate analyses (p = 0.021, OR = 1.964, p = 0.046, 
OR 2.141, respectively) (Table 4).

Low ligation of IMA was performed in 44 (11.74%) 
patients, and high ligation was performed in 331 (88.26%) 
patients. Although low ligation of the inferior mesenteric 
artery was identified as an anastomotic stricture risk factor 
in the univariate analysis, it was found to have no effect in 
the multivariate analysis (p = 0.040, p = 0.434, respectively) 
(Tables 3 and 4).

The splenic flexure was mobilized in 364 (97%) patients 
and not in 11 (3%) patients. Non-mobilization of the splenic 
flexure was determined as a risk factor affecting anastomotic 
stricture in both univariant and multivariate analyses. Non-
mobilization of the splenic flexure was the most probable 

risk factor according to the odds ratio (p = 0.001, p = 0.001, 
OR 11.375, respectively) (Tables 3 and 4).

Discussion

Anastomotic strictures are one of the most common com-
plications of colorectal surgery, and anastomotic stricture 
is detected in up to 30% of cases by colonoscopic evalua-
tion [12, 13]. Although it is a fairly common complication, 
little attention has been paid to identifying risk factors for 
stricture formation. Ischemia is accepted to be the most com-
mon cause of stricture formation [14]. Predisposing factors 
have been identified, including anastomotic leaks, divert-
ing loop ileostomies, pelvic sepsis, obesity, bleeding, and 
neoadjuvant radiotherapy, but these have not always been 
confirmed [13, 14].

In the study by Picazo-Ferrera et al. [14], being less than 
52 years old was identified as a risk factor affecting anas-
tomotic stricture in both the univariant and the multivariate 
analysis. The current study concluded that age is not a fac-
tor in the formation of anastomotic stricture. In the study 
by Polese et al. [13], however, it has been determined that 
age does not affect the formation of anastomotic stricture, 
similar to the result obtained in this study.

Gender has an impact on anastomotic stricture. In the 
study by Bannura et al. [15], the male gender was determined 

Fig. 1   Flowchart of the study
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to be an effective risk factor in the formation of stricture in 
both univariant and multivariate analyzes. In the study by 
Polese et al. [13], although female gender was identified as a 
risk factor in the univariant analysis, it was found that it was 
ineffective in forming stricture in the multivariate analysis. 
In the current study, it was determined that gender was not 
a risk factor for stricture formation.

The study by Bertocchi et al. [16] stated that BMI is not a 
risk factor for the formation of anastomotic stricture in colo-
rectal anastomoses. In the current study, due to its higher 
average BMI value, it was found to be an effective risk factor 
in the formation of anastomotic stricture in the univariant 
analysis, but it was determined that it had no effect in the 
multivariate analysis. In the study by Silva-Velazco et al. 
[17], it was stated that anastomotic leaks are more common 
in patients with high BMI values. In the current study, the 
reason for the higher incidence of anastomotic stricture in 

patients with high BMI values may be small anastomotic 
leaks, which remain clinically invisible.

Previous studies determined that the presence of comor-
bidity in patients is not an effective risk factor for the forma-
tion of anastomotic stricture [12–14]. In the current study, 
comorbidity and high ASA score did not affect anastomotic 
stricture formation.

There is no study examining the relationship between the 
presence of distant metastases and anastomotic stricture. In 
the current study, however, it was determined that distant 
metastases did not affect anastomotic stricture.

In a randomized controlled study by Qin et al. [18], neo-
adjuvant radiotherapy was reported to increase the forma-
tion of anastomotic stricture. However, in the related study, 
the rate of opening a diverting loop ileostomy in patients 
who received radiotherapy was statistically more signifi-
cant than in patients who did not receive radiotherapy, and 

Table 1   Comparison of patient-dependent factors between the both groups

*American Society of Anesthesiology, **Chronic obstructive pulmonary disease, ***Body mass index, ****Charlson comorbidity index

Stricture group Non-stricture group p

n % n %

Age 0.642
  < 65 21 58.3 184 54.3
  ≥ 65 15 41.7 155 45.7

Gender 0.131
 Male 26 72.2 201 59.3
 Female 10 27.8 138 40.7

ASA* scores 0.710
 1–2 25 69.4 225 66.4
 3–4 11 30.6 114 33.6

Diabetes mellitus 0.059
 No 24 66.7 271 80.2
 Yes 12 33.3 67 19.8

Heart failure 0.495
 No 32 88.9 286 84.6
 Yes 4 11.1 52 15.4

Hypertension 0.185
 No 27 75.0 216 63.9
 Yes 9 25.0 122 36.1

COPD** 0.987
 No 34 94.4 319 94.4
 Yes 2 5.6 19 5.6

Smoking 0.848
 No 23 63.8 222 65.48
 Yes 13 36.2 117 34.52

Mean ± SD Mean ± SD

Age 58.44 ± 10.45 61.78 ± 11.53 0.147
BMI*** 27.26 ± 4.08 26.2 ± 4.17 0.029
CCI**** 4.77 ± 2.01 4.89 ± 1.88 0.059
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this was the biggest limitation of this study. Two studies 
investigating anastomotic stricture-independent risk fac-
tors found no effect of neoadjuvant radiotherapy on anasto-
motic stricture [13, 14]. Similarly, the current study deter-
mined that neoadjuvant radiotherapy was not an effective 
risk factor for the formation of anastomotic stricture.

The present study concluded that the timing of surgery 
after neoadjuvant radiotherapy did not affect the forma-
tion of anastomotic stricture. There is no study in which 
this result can be compared, but in a study by Terzi et al. 
[19], it was reported that there was no difference in terms 
of anastomotic leakage, other ileus, and infections that 
received surgical treatment in operations performed at the 
8th week and 12th week after radiotherapy.

Another result of this study is that open, laparoscopic, 
and robotic surgery options are not risk factors that 
increase anastomotic stricture. Studies in the literature 
have shown that the laparoscopic and open approach does 
not affect anastomotic stricture [13, 14].

In a recently published meta-analysis, it was stated that 
the mobilization of the splenic flexure could be ignored, and 
it was reported that its release did not increase anastomotic 
leakage and stricture. The rates of wound infection and 
reoperation were found to be increased in the laparoscopy 
subgroup [20]. In another study, it was reported that splenic 
flexure mobilization had no effect on anastomotic stricture 
[13]. The current study claims the opposite of these results, 
and non-mobilization of the splenic flexure was found to be 
an effective risk factor in the formation of anastomotic stric-
ture in both univariant and multivariate analysis. The results 
of the study by Hiranyakas et al. [21] are consistent with the 
results obtained in the current study, and it has been reported 
that non-mobilization of the splenic flexure increases both 
the anastomotic stricture formation and the rate of reopera-
tion. Due to the lack of mobilization of the splenic flexure, 
tension occurs in the anastomosis, and this causes ischemia, 
anastomotic leaks, and strictures due to intense inflammation 
in the anastomosis. The finding of splenic flexure mobili-
zation among the techniques that should be routinely per-
formed to reduce colorectal anastomotic leakage in a study 
also supports our conclusion [22].

It has been reported that high or low ligation of the infe-
rior mesenteric artery does not make a difference to the risk 
of developing complications and oncologic outcomes [23]. 
Polese et al. [13] reported that the attachment site of the infe-
rior mesenteric artery did not affect the anastomotic stric-
ture. In the current study, unlike other studies, anastomotic 
stricture was ineffective in multivariate analysis, although it 
was more common in patients who underwent low ligation. 
The study by Hiranyakas et al. [21] recommends high liga-
tion of the inferior mesenteric artery to reduce anastomotic 
stricture formation. The findings that low ligation increases 
anastomotic stricture in univariant analysis can be explained 
by the following theory: low ligation of the inferior mesen-
teric artery may cause less mobilization of the colon com-
pared to high ligation, which may create more tension in 
the anastomotic region, resulting in more inflammation and 
stricture.

The distance of the anastomosis to the anal verge is one 
of the factors affecting anastomotic stricture. In the study by 
Bannura et al. [15], distal rectal anastomosis did not affect 
anastomotic stricture. In the study by Polese et al. [13], how-
ever, it was stated that although more anastomotic stricture 
was observed in anastomoses between 8 and 12 cm, it had no 
effect in the multivariate analysis. Although more stricture 
was seen in anastomoses less than 5 cm from the anal verge 
in the current study, this was an ineffective risk factor in the 
multivariate analysis. In the current study, this result may 
be associated with more ileostomy performed in the distal 
rectal anastomoses.

No previous study has examined the relationship between 
distal and proximal surgical margins and anastomotic 

Table 2   Comparison of cancer stage and oncological treatments 
between both groups

*American Joint Committee on Cancer, 8th edition

Stricture 
group

Non-stricture 
group

p

n % n %

Distant metastasis 0.669
 No 33 91.7 303 89.4
 Yes 3 8.3 36 10.6

T stage 0.246
 T1-2 12 33.3 83 24.5
 T3-4 24 66.7 256 75.5

Lymph node metastasis 0.952
 No 21 58.3 196 57.8
 Yes 15 41.7 143 42.2

AJCC* stages 0.460
 1 11 30.5 71 20.9
 2 9 25 119 35.1
 3 13 36.1 113 33.4
 4 3 8.3 36 10.6

Histological type 0.455
 Poorly differentiated 7 19.4 42 12.4
 Moderately differentiated 24 66.7 254 74.9
 Well differentiated 5 13.9 43 12.7

Neoadjuvant radiotherapy 0.185
 No 25 69.4 268 79.1
 Yes 11 30.6 71 20.9

Postoperative chemotherapy 0.949
 No 14 38.9 130 38.3
 Yes 22 61.1 209 61.7
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stricture. In the current study, a clean proximal surgical mar-
gin of less than 10 cm and a distal surgical margin of less 
than 2 cm were risk factors for stricture in both univariate 
and multivariate analyses. In distal rectal cancers, the distal 
intact margin is considered to be 2 cm, but in recent years 
it has been stated that intact distal surgical margins of 1 cm 
or < 1 cm do not indicate a poor prognosis [24–26]. How-
ever, in the study by Cong et al. [27], it was stated that the 
distal margin being < 1 cm increased the risk of anastomotic 
leakage. In a study by Qin et al. it was stated that extending 

the proximal surgical margin due to radiation-induced injury 
reduces the risk of anastomotic leakage in patients receiving 
neoadjuvant radiotherapy [28]. The results of these two stud-
ies and the present study reveal that the distal and proximal 
surgical margins should be expanded as much as possible to 
reduce anastomotic complications.

Performed a diverting loop ileostomy is one of the fac-
tors affecting anastomotic stricture, but this has not always 
been confirmed. Some studies have reported that it does 
not affect anastomotic stricture [13, 15]. In other studies, 

Table 3   Comparison of surgery-related factors between the two groups

*Inferior mesenteric artery

Stricture group Non-stricture group p

n % n %

Surgery time after neoadjuvant radiotherapy 0.229
 Non-neoadjuvant RT 25 69.4 268 79.1
 After 6–8 week 8 22.2 41 12.1
 After 10–12 week 3 8.3 30 8.8

Type of surgery 0.295
 Open 22 61.1 212 62.5
 Laparoscopic 7 19.4 89 26.3
 Robotic 7 19.4 38 11.2

Diverting ileostomy 0.006
 No 12 33.3 194 57.2
 Yes 24 66.7 145 42.8

Number of lymph nodes removed 0.834
  < 12 6 16.7 52 15.3
  ≥ 12 30 83.3 287 84.7

Proximal surgical margin 0.001
  < 10 cm 17 47.2 76 22.4
  ≥ 10 cm 19 52.8 263 77.6

Distal surgical margin 0.001
 0–2 cm 19 52.8 67 19.8
 2–5 cm 10 27.8 140 41.3
  ≥ 5 cm 7 19.4 132 38.9

Distance of anastomosis to anal verge 0.039
  < 5 cm 17 47.2 103 30.4
  ≥ 5 cm 19 52.8 236 69.6

IMA* ligation level 0.040
 High 28 77.8 303 89.4
 Low 8 22.2 36 10.6

Mobilization of splenic flexure 0.001
 No 6 16.7 5 1.5
 Yes 30 83.3 334 98.5

Anastomotic leak 0.750
 No 32 88.9 295 87.0
 Yes 4 11.1 44 13.0

Mean ± SD (Median) Mean ± SD (Median)

Surgery time 268.64 ± 96.5 (250) 234.12 ± 89.08 (220) 0.096
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performing the diverting ileostomy was a risk factor for 
anastomotic stricture in the univariant analysis, while it 
was found to be ineffective in the multivariate analysis 
[14, 29]. In the current study, it was found to be an effec-
tive risk factor in the univariant analysis but not in the 
multivariate analysis.

In the study by Lee et al. [29], it was reported that mean 
operative time and the pathological stage did not affect anas-
tomotic stricture. Another study found that the stage of the 
disease did not affect anastomotic stricture [14]. The current 
study determined that the mean operation time, pathologi-
cal stage of the disease, and histology type did not affect 
anastomotic stricture.

In the current study, anastomotic leakage did not increase 
the risk of anastomotic stricture, similar to the results of 
previous studies [13, 15, 29].

This study has some limitations. The most important 
limitation is that it is a retrospective study, and follow-up 
information on some patients is unavailable. The number of 
patients in the stricture group was relatively small (n = 36). 
However, this is one of the rare studies investigating risk fac-
tors for anastomotic stricture. More prospective randomized 
controlled studies are needed in this area.

Conclusion

The results of this study reveal that it is in the hands of 
us surgeons to reduce anastomotic stricture. The risk factor 
most likely to affect anastomotic stricture was the non-mobi-
lization of the splenic flexure. This reveals that anastomotic 
tension should be minimized to reduce the risk of anasto-
motic stricture. To reduce the risk of anastomotic stricture, it 
is recommended to mobilize the splenic flexure, to be 10 cm 
above the clean proximal surgical margin, be at least 2 cm 
above the distal surgical margin, and to perform high liga-
tion of the inferior mesenteric artery in resections following 
the principles of total meso-colic excision.
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