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Abstract 
 
Introduction 

Post-operative anastomotic leakage (AL) or bleeding (AB) significantly impacts on 

patient outcome following colorectal resection. To minimise such complications, 

surgeons can utilise different techniques perioperatively to assess anastomotic 

integrity. We aim to assess published anastomotic complication rates following left-

sided colonic resection, comparing use of intra-operative flexible endoscopy against 

conventional tests used to assess anastomotic integrity. 
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Methods 

PubMed/MEDLINE and EMBASE online databases were searched for non-

randomised and randomised case-control studies that investigated post-operative AL 

and/or AB rates in left-sided colonic resections, comparing intra-operative flexible 

endoscopy against conventional tests. Data from eligible studies were pooled, and a 

meta-analysis using Review Manager 5.3 software was performed to assess for 

difference in AL and AB rates. 

 

Results 

Data from six studies were analysed to assess the impact of flexible endoscopy on 

post-operative AL and AB rates (1084 and 751 patients respectively). Use of flexible 

endoscopy was associated with reduced post-operative AL and AB rates, from 6.9% 

to 3.5% and 5.8% to 2.4% respectively. OR favoured intra-operative flexible 

endoscopy; 0.37 (95% CI 0.21-0.68, p=0.001) for AL and 0.35 (95% CI: 0.15-0.82, 

p=0.02) for AB. 

 

Conclusion 

This meta-analysis showed that the use of intra-operative flexible endoscopy is 

associated with a reduced rate of post-operative anastomotic leakage and bleeding, 

compared to conventional anastomotic testing methods. 

 

What does this paper add to the literature? 

Most colorectal surgeons will perform some form of assessment of anastomotic 

integrity, although the evidence for this is lacking. Intraoperative flexible endoscopy 

has potential advantages with direct visualisation of the anastomosis, but requires 
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additional equipment and expertise. This meta-analysis shows that intra-operative 

endoscopy is associated with reduced anastomotic leak and bleeding rates in 

comparison with conventional anastomotic testing methods. 

 
Introduction 

Post-operative anastomotic complications, particularly anastomotic leakage or 

bleeding, severely impact upon patient outcome following colorectal resection(1). 

Anastomotic leakage is the most serious complication and increases morbidity and 

mortality, length of stay, re-admission rates and treatment costs(2, 3). Anastomotic 

leakage may reduce disease-free survival following colorectal cancer resections, (4-

6). The reported incidence of anastomotic leakage is from 1% to 30%(7), and is 

affected by multiple risk factors(8). Anastomotic bleeding has been reported to occur 

in 6% of patients following left-sided colonic resections. Though patients can be 

managed conservatively, some will require re-intervention with endoscopy, 

interventional radiology or surgery with significantly increased morbidity and 

mortality(9, 10). 

 

Multiple factors affect anastomotic integrity and can be broadly classified into patient 

or technical factors. Patient factors include body habitus, low serum albumin, 

smoking, diabetes mellitus, pre-operative leucocytosis, high American Society of 

Anaesthesiologists (ASA) grade, tumour location, intra-abdominal sepsis, post-

operative blood transfusion and emergency presentation. Technical factors include 

tension along the anastomosis, impaired anastomotic blood supply, twisting or 

kinking of the bowel or poor mucosal apposition(11, 12). Great care is taken to 

mitigate these factors where possible, in order to avert anastomotic leakage 

following left-sided colonic or rectal resections(13). 
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Surgeons demonstrate poor intra-operative subjective assessment of anastomotic 

integrity(14), so on table “anastomotic leak tests” are frequently utilised(7). Intra-

operative assessment of anastomotic integrity has been shown to confer a benefit in 

reducing post-operative anastomotic complications(15). Air insufflation tests (or 

modifications using dye) are the most commonly used method of assessing 

anastomotic structural integrity(16-19). As circular staplers are now often used to 

perform bowel anastomosis, inspecting the circular tissue remnants or “doughnuts” 

for completeness can indicate appropriate tissue apposition and predict anastomotic 

integrity(20). Such conventional anastomotic tests are simple, safe, and when 

anastomotic leak is detected, action can be taken to reduce patient morbidity and 

mortality, for example through formation of a proximal loop ileostomy(21, 22). 

Previous studies have compared conventional testing of the anastomosis against 

control groups undergoing no testing at all, and shown no discernible difference in 

post-operative AL rate. Furthermore, patients without an overt AL during intra-

operative conventional testing are still at risk of developing AL in the post-operative 

period (23, 24). 

 

Numerous studies report the successful reduction of anastomotic complication rates 

following use of intra-operative flexible endoscopy (FE) for anastomotic assessment. 

Reported leak rates were 0.9-2.1% after routine use(25-28). Flexible endoscopy 

offers a more comprehensive platform for anastomotic assessment through air 

insufflation and anastomotic inspection for mucosal malalignment(29, 30). This 

technique can also include assessment and treatment of anastomotic bleeding, 

which conventional techniques cannot detect. The use of intra-operative FE in 

anastomotic assessment was reported three decades ago(31), and requires 
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additional cost (equipment and maintenance), expertise (endoscopists and theatre 

staff) and time(32). The resource-intensive nature of FE might be justifiable, if it 

improves patient outcome more than the considerably cheaper conventional 

methods. 

 

By performing a systematic review and meta-analysis, we compare intra-operative 

flexible endoscopy against conventional anastomotic testing and the subsequent 

post-operative anastomotic complication rate, for patients undergoing left-sided 

colonic resection. 

 

Methods 

Search strategy 

PubMed/MEDLINE and EMBASE online databases were searched for all relevant 

publications on the 8th May 2018 and repeated on the 8th August 2018 using 

combinations of the following Medical Search Headings (MeSH) and their 

subheadings: 

1. PubMed/Medline: “endoscopy” OR “gastrointestinal” AND “anastomosis” OR 

“surgical”. 

2. EMBASE: (“sigmoidoscopy” OR “rectoscopy” OR “colonoscopy”) AND 

“anastomosis”  

EMBASE free text search using (“intraoperative” OR “intra-operative”) AND 

(“sigmoidoscopy” OR “colonoscopy”) AND (“anastomosis” OR “anastomotic”) was 

also performed. Search results were catalogued and deduplicated in Mendeley 

Desktop 1.19.1 citation management software, into which all other relevant studies 

were added. 
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Inclusion criteria 

Relevant non-randomised and randomised case-control studies that investigated 

post-operative anastomotic leakage and/or anastomotic bleeding rates in left-sided 

colonic resections, comparing intra-operative flexible endoscopy and conventional 

anastomotic tests were included. References from those studies were examined and 

any relevant articles included. 

 

Exclusion criteria 

Conference abstracts, uncontrolled case series, letters, invited comments and case 

reports were excluded. Furthermore, case-control studies were excluded when leak 

testing in the endoscopy cohort was performed with rigid sigmoidoscopy, as this 

methodology lacks consistent visual inspection of the anastomotic line. Inclusion 

would not be appropriate, as studies used in this meta-analysis undertook mucosal 

inspection with the flexible sigmoidoscope or colonoscope in addition to an air leak 

test. Furthermore, flexible endoscopy is more sensitive than rigid endoscopy in 

spotting abnormalities(33). Case-control studies with unclear control selection criteria 

were also excluded. 

 

Study selection 

Three reviewers (MA, JO, FC) independently performed the searches, screening the 

titles and abstracts for relevance. Differences were discussed between two authors 

(MA, JO) and senior authors (ATS, IS). Full text articles were retrieved and included 

if exclusion and inclusion criteria were met.  
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Definitions 

Flexible endoscopy was defined as intraoperative, white light, fibreoptic 

sigmoidoscopy or colonoscopy used primarily to assess anastomotic integrity using 

direct mucosal inspection and air insufflation. Anastomotic leakage was defined as a 

defect of the intestinal wall at the anastomotic site (including suture and staple lines 

of neorectal reservoirs) leading to a communication between the intra- and 

extraluminal compartments, as defined by the International Study Group of Rectal 

Cancer Surgery(34). Anastomotic bleeding was defined as any significant identifiable 

rectal bleeding that occurs within 24 hours of resection, regardless of treatment. 

Conventional anastomotic tests are non-endoscopic, mechanical patency tests such 

as an air leak test, dye test, or inspection of circular stapler tissue remnants 

(“doughnuts”),  as listed by Nachiappan et al.(15) (Table 1). 

 

Primary outcomes 

The primary outcome measure was post-operative anastomotic leakage and 

bleeding rate following left-sided colonic resection. 

 

Quality assessment 

Included studies were quality assessed by two authors (MA, JO) using the Critical 

Appraisal Skills Programme (2018) Case Control Study Checklist (CASP). 

 

Statistical analysis 

A meta-analysis was performed using Review Manager (RevMan) software 

[Computer program], version 5.3, Copenhagen: the Nordic Cochrane Centre, the 

Cochrane Collaboration, 2014. I2 was calculated to assess study heterogeneity(35). 
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Funnel plots were used to assess publication bias. Data were pooled to calculate 

odds ratio (OR) and confidence intervals (CI) for the post-operative incidence of 

anastomotic leakage or bleeding, with or without intra-operative flexible endoscopy. 

 

Results 
The search strategy identified 4690 titles. After examining 83 full-texts, six studies 

were included in the meta-analysis as per the PRISMA diagram (Figure 1)(36). The 

included studies were published between 1987 and 2013. All six studies were 

retrospective case-control studies or retrospective analysis of prospectively collected 

data, and no randomised trials were identified(30, 31, 37-40). Five studies reported 

post-operative AL (1084 patients)(30, 31, 37-39), and three studies reported 

anastomotic bleeding (751 patients)(30, 38, 40).  

 

Use of intra-operative flexible endoscopy and post-operative anastomotic leak rate  

 

Five non-randomised case control studies reported AL rates in a total of 1084 

patients after open or laparoscopic left-sided colonic resections with primary stapled 

anastomosis, with or without flexible endoscopy (table 1). In the flexible endoscopy 

cohort, 25/464 (2.3%) patients had positive intra-operative leak tests and required 

additional sutures (n=14), covering stoma (n=12) or the anastomosis refashioned 

(n=1). None of these patients developed post-operative AL. 439/464 patients 

(94.6%) in the flexible endoscopy cohort had negative intra-operative leak tests. 

From this group,16 patients (3.6%) developed post-operative AL. In the control 

cohort, using conventional anastomotic tests, only two studies reported two patients 

to have a positive leak test, 2/468 patients (Figure 2). The overall AL rate in the 

flexible endoscopy cohort was 3.5% (16/464) compared to 6.9% (43/620) in the 
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control cohort using conventional tests. After pooling patient data, calculated odds 

ratio (OR) for anastomotic leakage was 0.37 (95% CI 0.21-0.68, p=0.001), 

suggesting flexible endoscopy has a protective role against post-operative AL. I2 was 

reported as 0% (Figure 3). 

 

Use of intra-operative flexible endoscopy and post-operative anastomotic bleeding 

rate 

 

Three studies reported AB rates in a total of 751 patients. 19/292 (6.5%) 

demonstrated active bleeding from the staple line during intra-operative endoscopy 

and were treated with clipping (n=15) or cautery (n=3). From this group, three 

patients developed post-operative AB. Overall the post-operative AB rate in the 

flexible endoscopy cohort was 2.4% (7/292), compared to 5.8% (26/449) in the 

control cohort. Pooled OR was 0.35 (95% CI: 0.15-0.82, p=0.02), suggesting flexible 

endoscopy has a protective role against post-operative AB. I2 was reported as 0% 

(Figure 4). 

 

CASP quality assessment 

The included studies were assessed for quality using the CASP checklist for case-

control studies (Table 1). All studies focused on the impact of flexible endoscopy on 

reducing post-operative complications, except Sakanoue et al.(31) , which was an 

earlier publication demonstrating the use of intra-operative colonoscopy. Lieto et 

al.(38) and Shamiyeh et al.(30) introduced intra-operative FE on a routine basis 

which raises concerns for selection bias when comparing the reported leak rate to 

other studies. None of the control groups were randomised, and only Sakanoue et 
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al.(31) and Yang et al.(39) performed a matched comparison with reported 

comparable criteria. Yang et al.(39) performed a defunctioning ileostomy for almost 

25% of the intra-operative FE group, and reported a significantly lower AL rate.  The 

small cohort sizes in all included studies meant few of the authors could perform 

robust statistical analysis and hindered application of the results of each study to the 

wider patient population. Funnel plots were created to assess bias between the 

included studies (Figure 5). 

 

Discussion 

Anastomotic complications can result in mortality, severe morbidity, affect long term 

quality of life and can hamper the patient-doctor relationship(41). Large cohort 

studies suggest intra-operative assessment of anastomotic integrity is important. 

Allaix et al.(42) report a large retrospective study of prospectively collected data for 

777 patients who underwent left-sided colonic and colorectal resections. Patients 

were classified depending on whether a conventional intra-operative air leak test was 

performed. Air leak tests were performed routinely by two authors or selectively by 

the other two authors if there was intra-operative concern for AL. Both patient groups 

had comparable complication rates, but there was a shorter length of stay for the air 

leak test cohort. Allaix et al.(42) demonstrated that intra-operative testing allowed 

surgeons to adequately address AL. Their multivariate analysis showed the intra-

operative air-leak test was an independent factor to reduce clinically-relevant AL. 

This large case-control study emphasised the importance of intra-operative testing of 

anastomotic integrity. 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Six studies were identified for this meta-analysis: Sakanoue at al.(31) compared 

post-operative AL rates following intra-operative FE or conventional air leak test in 

open low anterior resections for rectal carcinoma with a matched, untested cohort. In 

the FE group, 2/35 (5.7%) patients demonstrated intra-operative AL and required 

reinforcement of the anastomosis with sutures and the creation of a defunctioning 

proximal stoma. No patients developed post-operative AL in the FE cohort, while 

4/35 (11.4%) patients developed post-operative AL in the control cohort. 

 

Lieto et al.(38) compared anastomotic complication rates following routine intra-

operative FE against inspection of circular stapler tissue remnants (doughnut check) 

in open total gastrectomy and left colorectal resection. In the FE cohort 8/56 (14.2%) 

demonstrated intra-operative AL, and the anastomosis was oversewn, while 2/56 

(3.6%) demonstrated AB, which was managed with compression or additional 

sutures. Post-operative AL rates were 2/56 (3.6%) and 7/68 (10.3%) in the FE and 

control cohort, respectively. No post-operative AB was reported in the FE cohort, 

compared to 2/68 (2.9%) in the control cohort.  

 

Shamiyeh et al.(30) reported anastomotic complication rates following routine FE or 

conventional testing methods, during laparoscopic left-sided colonic resections. In 

the FE group, intra-operative AL was detected in 2/85 (2.4%) and the anastomoses 

were oversewn or revised, while 5/85 (5.9%) developed intra-operative AB which 

was managed with endoscopic clips. Post-operative AL occurred in 1/85 (1.2%), 

while 2/85 (2.4%) developed post-operative AB, despite normal intra-operative FE. In 

the control group, 4/253 (1.6%) and 11/253 (4.3%) developed post-operative AL and 

AB, respectively. 
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Lanthaler et al.(37) report post-operative AL rates following laparoscopically-assisted 

left sided colonic resections, with selective intra-operative colonoscopy or routine air 

insufflation. In the FE group, AL was detected in 5/73 (6.8%) and the leak was 

oversewn in all cases. 6/73 (8.2%) developed post-operative AL, including one 

anastomosis previously detected and repaired intra-operatively after endoscopic 

testing. In the control group 2/49 (4.1%) developed post-operative AL.  

 

Yang et al.(39) compared AL rates following low anterior resection with intra-

operative FE or air insufflation. In the FE cohort, 10/215 (4.7%) patients 

demonstrated intra-operative AL and underwent defunctioning ileostomy. None of 

the 10 patients had post-operative AL. In the matched control cohort, air insufflation 

was positive in 2/215 (0.9%) patients. Both patients were also managed with a 

defunctioning ileostomy. Post-operative AL rates were 9/215 (4.2%) and 25/215 

(11.6%) in the FE and control cohorts, respectively. It should be noted that 50 

(23.3%) patients in the FE cohort and 35 (16.3%) in the control cohort received 

prophylactic defunctioning ileostomy due to presence of risk factors for AL (identified 

by the authors as low-level anastomosis, history of pelvic radiotherapy, android 

pelvis, diabetes mellitus and cardiovascular disease). Patients in both cohorts were 

matched according to age, sex, ASA score, tumour location, pre-operative 

chemoradiation and operative technique. 

 

Ma et al. compared AB rate following laparoscopic anterior resection, with or without 

FE. In the FE group 12/128 (9.4%) patients demonstrated intra-operative AB and 

were treated immediately with endoscopic haemostasis. Post-operatively, 5/128 

(3.9%) and 13/151 (8.6%) developed AB in the FE group and control group, 
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respectively. Tumour location <7cm from the anal verge and the use of FE were 

independent factors towards the development of post-operative AB(40). 

 

Numerous reviews have compared the various techniques available to assess 

anastomotic patency, perfusion and allow endoluminal assessment(7, 15, 43). 

Anecdotally, the colorectal literature appears to suggest endoscopic assessment is 

more common in the United States, but the conventional method of assessing a 

newly created anastomosis, usually insufflation of air via rigid sigmoidoscopy, is still 

the preferred approach in Europe.  We performed this meta-analysis to compare 

flexible endoscopic mucosal inspection with air insufflation against basic 

conventional methods of assessing anastomotic integrity. Our analysis suggests 

flexible endoscopic assessment is associated with reduced anastomotic complication 

rates for leakage and bleeding, compared to conventional methods alone. 

 

There are multiple limitations to this analysis. Overall, the quality of the included 

studies was limited by the largely retrospective design. The studies included span 

over 20 years of practice and demonstrate heterogeneity in patient populations 

(benign and malignant resections, and varied operative techniques (open or 

minimally invasive). In most studies, endoscopy was deployed selectively to assess 

tumour location and resection level, then later to inspect the anastomotic mucosa. 

The use of covering ileostomy was sometimes irrelevant to the result of the 

endoscopic assessment. Most patients included in the meta-analysis were 

unmatched and it was difficult to ascertain the difference between cases and 

controls.  
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Anastomotic complications are well recognised but still relatively uncommon, thus 

case-control analysis is a valid method to assess the utility of flexible endoscopy in 

reducing post-operative complications. Identifying and recruiting cases on hospital 

databases by the intra-operative use of flexible endoscopy is acceptable. However, 

considering the biases mentioned above, interpreting the results of this meta-

analysis requires caution. Table 3 contains studies identified during the literature 

review. These studies were included in previous systematic reviews but were 

excluded from this meta-analysis as they did not meet the inclusion criteria. 

 

The results of this analysis suggest that the use of FE for anastomotic assessment 

should be harnessed as  part of continued efforts to reduce AL and AB rates 

following colorectal resection. Sujatha-Bhaskar et al.(29) went further in suggesting 

an endoscopic grading system of the colonic mucosa (1-3) following stapled 

colorectal anastomosis. Grade 3 anastomoses (showing >30% ischaemia of the 

mucosa or ischaemia/ congestion involving both sides of the staple line) were 

immediately refashioned to Grade 1 (normal mucosa), and patient outcomes were 

compared between Grade 1 and Grade 2 (<30% ischaemia of the mucosa). Patients 

with Grade 2 anastomoses developed AL at a significantly higher rate compared to 

Grade 1 (40% and 9%, respectively). Although the study was underpowered, it does 

suggest a role for flexible endoscopy in the presence of consistent use and skill 

development and suggests clear methodology for interpretation and actioning the FE 

findings. Singh et al.(44) measured colonic serosal and mucosal oxygen perfusion 

concentrations at different stations during colorectal resection. Mucosal oxygen 

perfusion significantly decreased after ligation of the inferior mesenteric artery, 

however the serosa displayed minimal changes. The ability to detect inadequate 
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mucosal alignment or oxygenation in the presence of normal serosa might explain 

why intra-operative FE is associated with reduced AL rates over conventional 

methods. Using narrow-band imaging, FE can detect vascular patterns in the bowel 

wall surrounding freshly-created colonic anastomoses(45). Intra-operative 

endoscopic assessment can include measurement of tissue perfusion and 

oxygenation(15). Intra-operative tissue perfusion can be assessed with near infra-red 

imaging and the intra-vascular fluorescent dye indocyanine green (ICG)(46). If 

perfusion is deemed inadequate, the surgeon might elect to resect further bowel to a 

more satisfactory anastomotic location(47, 48). However, this technology requires 

dedicated instruments and training with a significant cost implication and none of the 

studies included in this analysis described these techniques, which are still not 

widely available to most institutions in the UK. 

 

In conclusion, this meta-analysis has shown that intra-operative flexible endoscopy, 

when used to assess a left sided anastomosis, is associated with a reduced post-

operative anastomotic leak and bleeding rate, when compared to conventional 

assessment methods. In order to overcome the heterogenous, low quality data in 

this area, further studies should be larger and include matched operative and patient 

characteristics. However, we propose that the results of this analysis suggest that 

surgeons should consider adopting intra-operative assessment of left sided 

anastomoses with flexible endoscopy into routine practice, as part of the ongoing 

surgical commitment to reducing post-operative anastomotic leakage and bleeding.
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Figure 1: PRISMA diagram for systematic review of intraoperative flexible endoscopy 

in left-sided colonic resections 

 

  

Additional records 
identified through other 

sources 
(n=1) 

Records identified 
through database search 

(n=4689) 

Records after 
duplicates removed 

(n=4365) 

Full-text articles 
assessed for 

eligibility 
(n=83) 

Full-text articles excluded 
(n=77): 

 28 conference 
presentations 

 18 articles did not describe 
intraoperative anastomotic 
testing 

 9 review articles 

 4 case controls studies did 
not meet inclusion criteria 

 3 case series 

 3 non-English articles 

 3 articles on therapeutic 
post-operative endoscopy 

 2 articles including right 
hemi-colectomy 

 2 articles including rigid 
sigmoidoscopy 

 2 case reports 

Studies included in 
meta-analysis 

(n=6) 

Records excluded 
(n=4330) 

Id
e

n
ti
fi
c
a

ti
o

n
 

S
c
re

e
n

in
g

 
E

lig
ib

ili
ty

 
In

c
lu

s
io

n
 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Figure 2: Flow chart of post-operative anastomotic leak rates following the use of 
flexible endoscopy 
 

 
*In comparison with control patients in whom anastomotic testing was performed 
non-endoscopically (Shamiyeh, Yang)  
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Figure 3: Effect of flexible endoscopy on post-operative anastomotic leak rates 
 

 
 
Figure 4: Effect of flexible endoscopy on post-operative anastomotic bleeding rates 
 

 

Figure 5: Funnel plot of comparison: Effect of flexible endoscopy on post-operative 
anastomotic leak rates 
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Table 1.: Case-control studies describing the effect of flexible endoscopy on post-operative anastomotic leakage 

Study Study 
period 

Intra-
operative 

endoscopy 

Data 
collection 

Case 
(n) 

Case 
Anastomotic 

Testing 

Control 
(n) 

Control 
Anastomotic 

Testing 

Control 
characteristics 

Approach Resection 

Sakanoue 
1993 

1987-
1991 

Selective Retrospective 35 FE 35 Untested Historical, 
matched 

Open LAR 

Lieto 
2011 

2001-
2009 

Routine Prospective 56 FE 68 DC Historical, 
unmatched 

Open LC 

Lanthaler 
2012 

2001-
2006 

Selective Retrospective 73 FE 49 AI Temporal, 
unmatched 

Laparoscopic LC/S/AR 

Shamiyeh 
2012 

1999-
2010 

Routine Prospective 85 FE & DC 263 AI, DC & DT Temporal, 
unmatched 

Laparoscopic LC 

Yang 
2017 

2009-
2013 

Selective Retrospective 215 FE 215 AI Temporal, 
matched 

Open/ 
Laparoscopic/Robotic 

AR 

FE: flexible endoscopy, AI: air insufflation, AR: anterior resection, DC: doughnut check, DT: dye test, LAR: low anterior resection, 
LC: left colectomy, S:  sigmoidectomy 
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Table 2.: Case-control studies describing the use of flexible endoscopy on post-operative anastomotic bleeding 
Study Study 

period 
Intra-

operative 
endoscopy 

Data collection Case 
(n) 

Control (n) Control characteristics Approach Resection 

Ma 2014 2006-
2011 

Selective Retrospective 151 128 Temporal, unmatched Laparoscopic AR 

Lieto 2011 2001-
2009 

Routine Prospective 56 68 Historical, unmatched Open LC 

Shamiyeh 2012 1999-
2010 

Routine Prospective 85 263 Temporal, unmatched Laparoscopic LC 

AI: air insufflation, AR: anterior resection, DC: doughnut check, DT: dye test, LAR: low anterior resection, LC: left colectomy, S: 
sigmoidectomy 
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Table 3.: Excluded case-control studies 

Study Methodology Reason for exclusion 

Zmora 2002 Case-control study, two groups of patients underwent flexible 
endoscopy in open or laparoscopic colorectal resections 

No non-endoscopic controls 

Schmidt 2003 Cohort study including low colonic tumour resections; flexible 
endoscopy introduced mid-study period and comparison was 

made with historical controls 

Unable to confirm whether flexible 
endoscopy was used 

Li 2009 Two groups of patients underwent ileorectal or colorectal stapled 
anastomoses, where flexible endoscopy was used selectively or 

routinely 

No non-endoscopic controls 

Gorgun 2013 Case-control study; two groups underwent flexible endoscopy or 
conventional anastomotic leak testing with historical controls 

Mixed operations, including right-sided, 
subtotal and total resections 
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