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Abstract
Introduction Anastomotic stenosis (AS) is a common complication after colorectal resection. However, the predisposing 
factors for stricture formation are not fully understood. Previous studies have shown anastomotic leakage (AL) to be a risk 
factor for the occurrence of AS. Therefore, we aim to investigate the impact of anastomotic leakage characteristics on the 
occurrence of anastomotic stenosis after colorectal resection.
Methods Consecutive patients with AL following elective, sphincter preserving, colorectal resection, with or without diver-
sion ostomy, between January 2009 and March 2023 were identified from a prospectively collected database. The charac-
teristics of the anastomotic leakage, patient baseline and operative characteristics as well as the postoperative outcomes 
were analyzed using univariate and multivariate logistic regression to identify factors associated with the occurrence of 
post-leakage AS.
Results A total of 129 patients developed AL and met the inclusion criteria. Among these, 28 (21.7%) patients were diag-
nosed with post-leakage AS. There was a significantly higher frequency of patients with neoadjuvant radiotherapy (18% 
vs 3%; p = .026) and hand-sewn anastomoses (39% vs 17%; p = .011) within the AS group. Furthermore, the extent of the 
anastomotic defect was significantly higher in the AS group compared with the non-AS group (50%, IQR 27–71 vs. 20%, 
IQR 9–40, p = 0.011). Similar findings were observed between the study groups regarding age, sex, BMI, ASA score, medical 
comorbidities, diagnosis, surgical procedure, surgical approach (open vs. minimally invasive), and anastomotic fashioning 
(side-to-end vs. end-to-end). On multivariate analysis, the extent of the anastomotic defect (OR 1.01; 95% CI 1.00–1.03; 
p = 0.034) and hand-sewn anastomoses (OR 2.68; 95% CI 1.01–6.98; p = 0.043) were confirmed as independent risk factors 
for post-leakage AS. No correlation could be observed between the occurrence of post-leakage AS and the ISREC grading 
of AL, the anastomotic height or the management of AL. Time to ostomy reversal was significantly longer in the AS group 
(202d, IQR 169–275 vs. 318d IQR 192–416, p = 0.014).
Conclusion The extent of the anastomotic defect and hand-sewn anastomoses were confirmed as independent risk factors for 
the occurrence of post-leakage AS. No correlation could be observed between the ISREC grading of AL, the anastomotic 
height or AL management, and the occurrence of post-leakage AS.

Keywords Anastomotic leakage · Anastomotic stenosis · Colorectal surgery · ISREC · ENPT

Introduction

The occurrence of anastomotic stenosis (AS) after colorectal 
surgery is a common complication, with reported incidences 
ranging from 2 to 28% [1–6]. The factors associated with 
the occurrence of AS remain not fully understood. Previous 
studies have identified radio- and chemotherapy, tissue per-
fusion at the anastomotic site, low rectal anastomosis, and 
anastomotic leakage (AL) as associated risk factors [2, 7, 8]. 
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Among these factors, AL is a life-threatening complication 
with an incidence up to 20% [9, 10]. Management of AL has 
improved in the last decade, with endoscopic negative pres-
sure therapy (ENPT) emerging as an important approach to 
preserve the anastomosis and reduce the rate of permanent 
ostomy [7, 11, 12].

However, the impact of anastomosis preservation on the 
occurrence of AS (i.e., post-leakage AS) in relation to the 
characteristics of the leakage is not yet fully understood. 
The definition and grading score of AL proposed in 2010 by 
the International Study Groups of Rectal Cancer (ISREC) 
as well as previous studies of Italian, Dutch, and Chinese 
colorectal study groups on AL, provide no information about 
the outcome of anastomotic preservation on the occurrence 
of post-leakage AS [13–15]. AS was shown to be associated 
with a reduced quality of life and an increased burden due to 
additional therapies such as endoscopic balloon dilation or 
surgical interventions [5]. The objective of the present study 
was therefore to investigate the impact of anastomotic leak-
age characteristics on the occurrence of anastomotic stenosis 
after colorectal resection.

Methods

Patient cohort and study design

Consecutive patients who underwent colorectal surgery 
between January 1, 2009, and March 15, 2023, at the Depart-
ment of Surgery and Interdisciplinary Endoscopy, University 
Hospital Mannheim, Heidelberg University, were assessed 
for eligibility. Patients who were aged 18 years or older and 
underwent elective, sphincter preserving colorectal resec-
tion (anterior resection, low anterior resection, or sigmoid 
resection), with or without diversion ostomy, for benign or 
malignant disease were identified. Only patients who devel-
oped anastomotic leakage as defined by the International 
Study Group of Rectal Cancer (ISREC grade A/B/C) and 
who experienced no tumor relapse were included for analy-
sis [13]. Exclusion criteria were patients with an inflamma-
tory bowel disease, ileal pouch-anal anastomosis, multivis-
ceral, and emergency resection due to perforation or bowel 
obstruction. This cohort study was conducted in line with 
the STROBE (Strengthening the Reporting of Observational 
studies in Epidemiology) guidelines and approved by the 
2nd ethics committee at Heidelberg University (2019-826R) 
[16].

Definitions and data acquisition

Clinicopathologic and postoperative data were extracted 
from prospectively maintained databases [11, 17, 18]. Anas-
tomotic leakage was defined according to the ISREC grading 

[13]. The extent of the anastomotic defect was calculated as 
the size of the intestinal wall defect in relation to the anas-
tomotic circumference. Anastomotic height was defined as 
the distance between the anastomosis and the anal verge 
and was obtained from endoscopic reports. Clinically rel-
evant post-leakage AS was defined as the presence of endo-
scopically confirmed stricture at the site of the anastomosis, 
through which a standard-sized 9-mm endoscope cannot 
pass, and which occurred after successful treatment of AL. 
An impaired bowel function, with or without distention of 
the oral bowel, was mandatory.

Patients were grouped according to the occurrence of 
a clinically relevant post-leakage AS into two groups: AS 
group vs. non-AS group. The baseline and operative char-
acteristic, postoperative outcomes, and characteristics of AL 
were further analyzed and compared between the groups.

Perioperative and surgical care

Surgery was performed either minimally invasive or open 
based on patients’ performance status and preference, tumor 
characteristics (location and size), and surgeons’ discre-
tion. All surgeries were performed by experienced attend-
ing colorectal surgeons. Perioperative care was identical in 
this cohort study and according to the local standard of care 
following a well-established multidisciplinary protocol as 
described in detail elsewhere [11, 17–20]. In summary, all 
patients who were suspected of having AL received routine 
endoscopic control. The endoscopic control was preferred 
to CT scan, as it provides a direct assessment of the AL 
and allows a contemporaneous treatment by ENPT. AL 
was clinically suspected based on clinical deterioration, 
increase of serum inflammatory markers such as C-reactive 
protein (CRP) or CRP in combination with leukocytosis 
and/or abnormal drain production [11]. Clinical deteriora-
tion was defined by a combination of tachycardia (> 100 
beats per minute), tachypnea (ventilation rate of > 20 per 
minute), hypotension (systolic pressure < 100 mmHg), fever 
(> 38.5 °C), or progressive abdominal pain. Serum CRP lev-
els of > 140 mg/dL were considered elevated. In the case 
of AL the extent of the anastomotic defect was reported in 
relation to the anastomotic circumference. Decision regard-
ing the management of AL was made interdisciplinary 
while taking into consideration the clinical condition of the 
patient, the extent of the anastomotic defect and leakage cav-
ity, the leakage distance to the anal verge, and the blood 
supply at the anastomotic site. The algorithm of AL manage-
ment including a step-up approach in case of therapy failure 
was previously described [11]. In summary, the endoscopic 
therapy consisted of cavity rinse using irrigation and ENPT. 
The ENPT system consisted of an endo-sponge that was 
connected with a negative pressure system. The sponge had 
to fit into the leakage cavity, in order to close it completely 
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when negative pressure was applied, and should not extend 
to the lumen. Thus, the entire cavity is drained and continu-
ously downsized. Endoscopic changes were performed at 
the earliest after 3–4 days but no later than 7 days, or in 
case of vacuum loss or sponge dislocation. The therapy was 
stopped as soon as the leakage cavity was completely closed 
or completely covered with healthy granulation tissue [11]. 
However, if a closure of the leakage cavity cannot be accom-
plished by ENPT, or in case of clinical deterioration under 
ENPT, surgical revision (i.e., anastomotic repair or redo) or 
even Hartmann’s procedure was considered.

After successful AL management, a further endoscopic 
control was obligatory for every anastomosis, prior to the 
ostomy reversal or in case of impaired bowel function (e.g., 
constipation, need to push, incontinence, tenesmus, ribbon 
stools).

Statistical analysis

The statistical analysis was performed using SPSS Pre-
mium (IBM SPSS Statistics 27©). Categorical parameters 
are expressed as frequencies and were compared using the 
Pearson χ2 test or Fisher exact test. Continuous variables 
are reported as mean (SD) or median (IQR), depending on 
the distribution pattern, and were compared using the two-
tailed t test or Mann–Whitney test. Univariate and multivari-
ate logistic regression analyses were performed to identify 
factors associated with the occurrence of post-leakage AS. 
P-values < 0.05 were defined as statistically significant.

Results

A total of 2204 consecutive patients with colorectal resec-
tion, for benign or malignant disease, were screened for eli-
gibility, of whom 129 patients (90 [70%] men; 39 [30%] 
women) developed AL and met the inclusion criteria. 
Among these, 28 patients (22%) developed a post-leakage 
AS (AS group) and 101 (78%) did not (non-AS group) 
(Fig. 1). The median follow-up period for the study popula-
tion was 979 days (IQR 397–1993).

Patient characteristics

Patient demographic and clinical characteristics are detailed 
in Table 1. There was a significantly higher frequency of 
patients with pervious neoadjuvant radiotherapy (18% vs 
3%; p = 0.026) in the AS group compared with the non-AS 
group, while the other baseline characteristics were well-
balanced between the study groups and yielded no statistical 
significance regarding age, sex, BMI, ASA score, medical 
comorbidities, diagnosis, or adjuvant therapy (Table 1).

Operative characteristics and postoperative 
outcomes

Operative characteristics and postoperative outcomes 
are presented in Table 2. Similar findings were observed 
between the study groups concerning the surgical procedure, 
the surgical approach (open vs. minimally invasive), and 
anastomotic fashioning (side-to-end vs. end-to-end). The 
majority of patients in both groups underwent a minimally 
invasive approach (non-AS: 70% vs AS: 64%, p = 0.543). 
Low anterior rectum resection (LAR) was the most fre-
quently performed surgical procedure in both groups (non-
AS: 70% vs AS: 75%, p = 0.888). In the non-AS group, 71% 
of the patients received a side-to-end anastomosis, while 
in the AS group, 54% received an end-to-end anastomosis 
(p = 0.081). Notably, there was a significantly higher fre-
quency of patients with hand-sewn anastomoses (39% vs 
17%; p = 0.011) in the AS group compared with the non-AS 
group.

Characteristics and management of AL

Characteristics and management of AL are presented in 
Table 3. The comparisons of the ISREC grading of AL 
revealed similar findings between both groups (p = 0.216). 
Furthermore, the postoperative day (POD) of AL diagno-
sis and the anastomotic height were similar in both groups. 
Interestingly, the extent of the anastomotic defect was sig-
nificantly higher in the AS group compared with the non-
AS group (50%, IQR 27–71 vs. 20%, IQR 9–40, p = 0.011). 
AL management within both groups was carried out mostly 
by ENPT (60% vs. 60%, p = 0.832), in addition to antibi-
otic therapy (83% vs. 86%, p = 0.897). The median num-
ber of ENPT cycles was similar in both groups (non-AS: 4, 
IQR 2–6 vs. AS: 5 IQR 3–7, p = 0.774). Forty-three of the 
patients in the AS group and 34% of the patients in the non-
AS group underwent surgical revision (p = 0.911). Among 
these, 73% underwent peritoneal wash-out, 55% anastomotic 
oversewing, and 42% required ENPT additional to surgical 
revision. No differences were noticed in the AL management 
and the length of hospital stay (non-AS: 20d IQR 14–35 vs. 
AS: 23d IQR 16–43, p = 0.297) in both groups. The ostomy 
could be reversed significantly earlier in the non-AS group 
(202d, IQR 169–275 vs. 318d IQR 192–416, p = 0.014). 
Both groups had a similar rate of re-ostomy (non-AS 33% 
vs. AS 36%; p = 0.841) and reversal of the re-ostomy (non-
AS: 30% vs. AS: 10%; p = 0.076).

Most anastomotic strictures (n = 124, 96%) were treated 
by endoscopic balloon dilation with a success rate of 85%. A 
deviating ostomy was formed in three patients while a per-
manent ostomy was necessary in one patient. Anastomosis 
resection was necessary in two patients.
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Risk factors for post‑leakage AS

To further scrutinize potential factors associated with the 
occurrence of post-leakage AS a logistic regression analysis 
was performed. Univariate analysis of these factors found 
that neoadjuvant radiotherapy (odds ratio [OR] 9.13; 95% 
CI, 2.15–48.48; p = 0.004), hand-sewn anastomoses (OR 
2.99; 95% CI 1.16–7.60; p = 0.022), and the extent of the 
anastomotic defect (OR 1.02; 95% CI 1.00–1.03; p = 0.011) 
were associated with occurrence of post-leakage AS (Sup-
plement 1). On multivariate analysis, the extent of the anas-
tomotic defect (OR 1.01; 95% CI 1.00–1.03; p = 0.034) 

and hand-sewn anastomoses (OR 2.68; 95% CI 1.01–6.98; 
p = 0.043) were confirmed as independent risk factors for 
post-leakage AS (Table 4).

Discussions

Of the present study population (n = 129), a total of 28 
patients (21.7%) developed post-leakage AS. Previous 
studies have reported an overall rate of AS after colorectal 
surgery of up to 30% [2–4, 21]. However, none of these 
studies specifically investigated the subgroup of patients 

Fig. 1  Patient flowchart
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who developed post-leakage AS after successful treatment 
of AL. Since AL was previously shown to be a risk factor 
for the occurrence of AS, and the present study specifically 

investigated this subgroup of patients, it is expected that the 
rate of post-leakage AS within the group is high [2]. To the 
best of our knowledge, this is the first study to investigate 
the occurrence of AS in relation to the characteristics of AL.

Management of AL has improved in the last decades due 
to advances in therapy methods. Surgical procedures, such 
as anastomotic resection with re-anastomosis or Hartmann’s 
resection, have been replaced by less invasive approaches 
such as ENPT [7, 11, 12]. However, the outcome of a suc-
cessful AL treatment with regard to the occurrence of AS 
has not been adequately investigated [2]. AS is a common, 
clinically relevant, complication after colorectal resection, 
associated with increased burden and reduced quality of 
life [5]. Its management requires invasive or non-invasive 
approaches, such as anastomotic resection with or without 
preservation of the intestinal continuity, new formation of 
a deviating or permanent ostomy, endoscopic dilation, or 
stapler stricturoplasty [18, 22].

In the present study, more than half of the patients in 
both groups underwent ENPT for the management of 
AL. Interestingly, neither ENPT per se, nor the number 
of ENPT cycles influenced the occurrence of post-leak-
age AS, which is similar to the results of other studies 
[3]. However, data regarding the rate of post-leakage AS 
after ENPT is scarce. The previous study of Bertocchi 

Table 1  Baseline characteristics

BMI body mass index, ASA American Society of Anesthesiologists, CRC  colorectal cancer
a Values are median (interquartile range)

Characteristics Non-AS group 
(n = 101)

AS group (n = 28) p-value

Age,  yearsa 62 (54–71) 64 (56–70) 0.782
BMI, kg/m2a 26 (23–30) 25 (23–28) 0.855
Sex ratio, male: female 72:29 18:10 0.475
ASA 0.935

   I 13 (13) 4 (14)
   II 58 (57) 15 (54)
   III 30 (30) 9 (32)
   IV 0 (0) 0 (0)

Cardiovascular comorbidities 59 (58) 18 (64) 0.575
Diabetes mellitus 13 (13) 4 (14) 0.845
Pulmonary comorbidities 20 (19) 5 (18) 0.818
Diagnosis 0.624

   CRC 85 (84) 25 (89)
   Diverticulitis 9 (9) 3 (11)
   Rectal prolapse 3 (3) 0 (0)
   Other malignant lesions 4 (4) 0 (0)

Neoadjuvant treatment 0.026
   Neoadjuvant radiochemotherapy 33 (33) 10 (36)
   Neoadjuvant radiotherapy 3 (3) 5 (18)
   Neoadjuvant chemotherapy 5 (5) 1 (4)
   Adjuvant treatment 24 (24) 10 (36) 0.102

Table 2  Operative characteristics and postoperative outcomes

AR anterior resection; LAR low anterior resection; S-E side-to-end; 
E-E end-to-end

Characteristics Non-AS 
group 
(n = 101)

AS group (n = 28) p-value

Surgical procedure 0.888
   AR 13 (13) 3 (11)
   LAR 71 (70) 21 (75)
   Sigmoid resection 17 (16) 4 (14)

Protective ostomy 76 (75) 21 (75) 0.979
Surgical approach 0.543

   Minimally invasive 71 (70) 18 (64)
   Open 30 (30) 10 (36)

Anastomotic fashioning 0.081
   S–E 72 (71) 15 (54)
   E–E 29 (29) 13 (46)

Anastomotic technique 0.011
   Stapler 84 (83) 17 (61)
   Hand sewn 17 (17) 11 (39)
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et al. identified protective ileostomy as a predictive fac-
tor for AS after rectosigmoid resection [23]. In contrast 
and similar to Chong et al., the present study revealed 
no influence of the primary ostomy on the occurrence 
of post-leakage AS [2]. The reversal rate of the primary 
formed ostomy was similar in both groups. Both groups 
showed a relatively long median time to ostomy reversal. 
This may be explained by the AL leading to a reduced 

clinical condition and nutritional status of the patients, 
requiring a longer recovery time [24]. Furthermore, adju-
vant chemotherapy may contribute to a delayed ostomy 
reversal, as previous studies showed [24, 25]. In line with 
previous studies, post-leakage AS resulted in a significant 
delay in ostomy reversal compared to the non-AS group. It 
can be assumed that AS and its therapy-related morbidity 
negatively influenced the clinical condition of the patients, 
which is consistent with the findings of other studies [5]. 
While there is no consensus for the optimal timing of 
ostomy reversal after colorectal surgery, there is increasing 
interest in the concept of early reversal in suitable patients 
[26]. Several studies showed an increased risk for post-
operative complications, particularly postoperative ileus, 
in cases of ostomy reversal 6 months or longer after the 
initial operation [24–27]. To determine the optimal tim-
ing of ostomy reversal in the context of adjuvant chemo-
therapy, our study group conducted the “CoCStom trial,” 
a randomized multicenter trial comparing completeness of 
adjuvant chemotherapy after early (8–10 days after LAR) 

Table 3  Characteristics and 
management of AL

POD postoperative day; AL anastomotic leakage; ENPT endoscopic negative pressure therapy; LOS length 
of stay; d day
a As defined by the International Study Group of Rectal Cancer
b Values are median (interquartile range)
*Eight patients in the non-AS and two in the AS group underwent ENPT additionally to surgical revision

Characteristics Non-AS group (n = 101) AS group (n = 28) p-value

Anastomotic  leakagea 0.316
   Grade A 16 (16) 2 (7)
   Grade B 51 (50) 15 (54)
   Grade C 34 (34) 11 (39)

POD of AL diagnosis,  db 7 (6–13) 7 (5–16) 0.861
Anastomotic  heightb 6 (4–9) 5 (4–7) 0.456

   ≤ 5 cm 47 (46) 14 (50)
   6–10 cm 38 (38) 9 (32)
   > 10 cm 16 (16) 5 (18)

Extent of the anastomotic  defectb 20 (9–40) 50 (27–71) 0.011
   Up to 24% 71 (70) 14 (50)
   25–49% 18 (18) 9 (32)
   50–74% 8 (8) 4 (14)
   75–100% 4 (4) 1 (4)

Management of AL
   ENPT 59 (60) 17 (60) 0.832
    Cyclesb 4 (2–6) 5 (3–7) 0.774
   Surgical revision* 34 (34) 11 (39) 0.911
   Antibiotic therapy 84 (83) 24 (86) 0.897

LOS,  db 20 (14–35) 23 (16–43) 0.297
Ostomy reversal 74 (73) 22 (78) 0.576

   POD of ostomy reversal,  db 202 (169–275) 318 (192–416) 0.014
Re-ostomy 34 (33) 10 (36) 0.841

   Reversal of the re-ostomy 10 (30) 1 (10) 0.076

Table 4  Multivariate regression analysis of factors associated with 
post-leakage AS

OR odds ratio, CI confidence interval

Characteristics OR 95%CI p-value

Neoadjuvant treatment
   Neoadjuvant radiotherapy (yes vs. no) 0.71 0.29–1.73 0.445

Anastomotic technique
   Stapler vs. hand sewn 2.68 1.01–6.98 0.043

Extent of the anastomotic defect 1.01 1.00–1.03 0.034
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versus late ostomy reversal (~ 26 weeks after LAR) in low 
anterior resection for rectal cancer [17]. Early results are 
promising and will be published soon.

Interestingly, the extent of the anastomotic defect was 
significantly higher in the AS group compared with the 
non-AS group. To the best of our knowledge, there are no 
published data about the correlation of the defect extension 
and the occurrence of post-leakage stenoses. The reason 
why leakages with a larger defect led to a higher steno-
sis rate is unclear. One may suppose that larger defects or 
leakage cavities lead to a stronger inflammatory reaction 
and fibrosis formation as the smaller ones. These stenoses 
would be classified as grade 2b and 3 according to Cong 
et al. [i.e., clinically relevant stricture with fibrotic adhesions 
at the anastomotic site which cannot be broken by digital 
examination, associated (grade 3) or not (grade 2b) with 
an upstream dilation] [2]. Inflammation and subsequently 
fibrosis were previously shown to be risk factors for occur-
rence of AS after resection for diverticulitis, endometriosis, 
or Crohn’s disease [5, 23, 28]. The ISREC grading of AL 
was previously proposed to simplify the characterization of 
AL according to the clinical condition of the patients and the 
applied therapy [13]. However, there are no previous inves-
tigations on correlation between post-leakage AS and the 
clinically relevant ISREC grades of AL (B and C). Since it 
was previously shown to be applicable in clinical studies, we 
used the ISREC classification and grading of AL for the first 
time in relation to post-leakage AS [11, 14, 29, 30]. Inter-
estingly, a stratification according to ISREC grading score 
shows similar rates of post-leakage AS irrespectively of an 
endoscopic (i.e., grade B leakage) or a surgical approach 
(i.e., grade C leakage). This suggests that an endoscopic 
management of AL can be primarily considered, without an 
increased risk for anastomotic stenosis. Laborious re-surgery 
for AL may be therefore avoided and the intestinal continu-
ity preserved.

Similar to Cong et al. and Surek et al., the distance from 
the anastomosis to the anal verge does not influence the 
rate of AS [2, 21]. Previous data is controversial. Lucha 
et al. found an increased risk for stricture in cases of anas-
tomoses situated underneath the peritoneal reflection [31]. 
However, recent data from the Cochrane database show 
no influence of the anastomotic height on the rate of AS 
in relation to different anastomotic types [32]. The data 
reported in these studies include elective colorectal sur-
gery irrespective of AL. Contrarily to previous studies, 
which showed less AS for hand-sewn anastomoses, our 
study identified hand-sewn anastomoses as an independent 
risk factor for post-leakage AS. However, no correlation 
could be observed between the type of anastomotic fash-
ioning (E-E or S-E) and the occurrence of post-leakage 
AS, which is in line with a recent systematic review and 
network meta-analysis of 29 RCTs that showed similar 

rates of AS in both E-E and S-E anastomosis [33]. The 
index procedure did not influence the occurrence of post-
leakage AS in the present study.

Similar to the findings of Surek et al. and Bertocchi et al., 
BMI was not a predisposing factor for post-leakage AS in 
the present study [21, 23]. This is interesting since it was 
previously shown that higher BMI values correlates with 
AL [21, 34].

The main limitation of the present study is given by the 
retrospective study design, with a potential selection and 
reporting bias. Moreover, there is no generally accepted 
definition of AS since different endoscopes or diagnostic 
methods are used by different endoscopists within the trials, 
which makes it difficult to compare the results between tri-
als. Lastly, our results were from a single-center study with 
a relatively small sample size. Further confirmation of the 
results in prospective, observational studies in a multicenter 
setting are necessary, as prospective randomized trials are 
difficult to plan due to the nature of the disease. In order to 
reduce the selection bias, only clinically relevant AS were 
included in the present study, which are more likely to be 
generally accepted within trials.

Conclusion

The extent of the anastomotic defect and hand-sewn anas-
tomoses are independent risk factors for the occurrence of 
post-leakage AS. No correlation could be observed between 
the ISREC grading of AL, the anastomotic height, or AL 
management and the occurrence of post-leakage AS. Con-
sidering the retrospective nature of the study, the present 
results should be carefully interpreted. Further prospective, 
observational studies in a multicenter setting are necessary 
to confirm these results.
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