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Disclosures: this manuscript is the outcome from a meeting of expert colorectal surgeons and 

pathologists held in 2016 and supported by educational grants from Novadaq Technologies 

Inc. (Ontario, Canada) and Elemental Healthcare (Berkshire, UK). The meeting sponsors did 

not participate in any aspect of planning or delivery of the academic content of the meeting 

nor in the drafting or critical review of the subsequent manuscript. 

 

Abstract 

The reduction of the incidence, detection, and treatment of anastomotic leakage (AL) 

continues to challenge the colorectal surgical community. AL is not consistently defined and 

reported in clinical studies, its occurrence is variably reported and its impact on long-term 

morbidity and healthcare resources has received relatively little attention. Controversy 

continues about the best strategies to reduce the risk. Diagnostic tests lack sensitivity and 

specificity, resulting in delayed diagnosis and increased morbidity.  

 

Intraoperative fluorescence angiography has recently been introduced as a means of real-time 

assessment of anastomotic perfusion with preliminary evidence suggesting that it may reduce 

the rate of AL. In addition, concepts are emerging about the role of the rectal mucosal 

microbiome in AL and the possible role of new prophylactic therapies.  

 

In January 2016 a meeting of expert colorectal surgeons and pathologists was held in 

London, UK to identify the ongoing controversies surrounding AL in colorectal surgery. The 

outcome of the meeting is presented in the form of research challenges that need to be 

addressed.  
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Introduction 

Anastomotic leakage (AL) is one of the most feared complications of colorectal surgery. 

Despite advances in anastomotic technique, postoperative monitoring and diagnostics, its 

incidence and consequences have not appreciably changed during the last fifty years. AL can 

have profound consequences for patients through mortality and short and long-term 

morbidity. It also has an effect on healthcare providers, through the immediate cost o 

management and the use of resources for remedial care. IALis considered by many surgeons 

to be the greatest single challenge in visceral surgery.  

 

In January 2016, a meeting of expert colorectal surgeons and pathologists was held in 

London, UK to identify the challenges in preventing, diagnosing, and treating AL in light of 

recent innovations in this field. The meeting was sponsored by educational grants from 

Novadaq Technologies Inc. (Ontario, Canada) and Elemental Healthcare (Berkshire, UK). 

Participants were asked to give a short presentation on a specific topic related to AL, 

followed by an invited commentary from a second faculty member, as the basis for wider 

discussion. Each participant submitted a written narrative of their presentation. This 

manuscript, which each participant was invited to review and edit, reports the outcome of fthe 

meeting and the identified areas for further research. 

 

Definition and Incidence 

Previous research into AL has been hampered by the lack of a widely accepted definition, 

with twenty nine separate definitions reported from 1993 to 1999 and 59 from 200 to 2009 1, 

2. An attempt to address this was made in 2010 by the International Study Group of Rectal 

Cancer (ISREC), who defined AL as ‘a communication between the intra- and extra-luminal 

compartments owing to a defect of the integrity of the intestinal wall at the anastomotic site’ 
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2. In addition, a pelvic abscess adjacent to an anastomosis, even if no communication with the 

bowel lumen could be demonstrated, was considered to have originated from a leak. 

Recommendation was made for a simple grading system based on clinical management as 

follows: grade A, resulting in no change in management, grade B, requiring active therapeutic 

intervention and grade C, requiring re-laparotomy or laparoscopy. Subsequent validation in 

patients undergoing sphincter preserving surgery of the rectum demonstrated an overall 

leakage rate of 7.5% with a severity of 16% grade A, 23% grade B and 61% grade C 3. 

Despite attempts at standardisation, AL continues to be variably reported, with an incidence 

ranging widely from 5% to 19%, depending on the site and type of anastomosis and the 

cohort under investigation 4. To complicate the situation further, many studies fail to take into 

account subclinical or radiological leakage, despite the recognised association with poor 

bowel function and anastomotic stricture formation 5. 

 

Research challenge:  

 Integration of standard validated definition and reporting of AL into clinical trials. 

 

Risk factors for anastomotic leakage 

Much has been written about the risk factors for AL in an attempt to guide surgeons as to 

when anastomosis is appropriate. In an attempt to quantitate these following left-sided 

colorectal surgery a Colon Leakage Score (CLS) was developed and shown to have good 

predictive value 6. The patient-related factors cited as increasing AL include male gender, 

smoking, obesity, alcohol abuse, pre-operative steroid and non-steroidal anti-inflammatory 

drugs, longer operation duration, pre-operative transfusion, contamination of the operative 

field and the urgency of the operation 4. A recent meta-analysis of 23 studies and 110,272 
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patients found that AL was significantly associated with low rectal anastomosis (odds ratio 

(OR) 3.26, 95% CI 2.31, 4.62), male gender (OR 1.48, 95% CI 1.37, 1.60), and pre-operative 

radiotherapy (RT) (OR 1.65, 95% CI 1.06, 2.56), although the quality of evidence was 

regarded as moderate or low 7. 

 

The impact of RT on AL rates is a contentious issue particularly as the common practice of 

creating a defunctioning stoma in RT patients can introduce bias into studies 8. The UK 

Medical Research Council (MRC) CR07 randomised controlled trial (RCT) reported no 

difference in AL rates between patients having pre-operative RT or selective post-operative 

RT in a multicentre, multinational randomised analysis of 1,350 rectal cancer patients 9. In an 

interim analysis of the Stockholm III trial in rectal cancer comparing short course RT, short 

course RT with delay and long-course RT, the effect of radiotherapy on AL appeared to be 

related to the timing of surgery, with a significant increase if it was performed between 11 

and 17 days following the start of RT 10. 

 

In addition to patient-related factors and non-specialist colorectal surgeons, 11 low 

institutional cancer case load are associated with higher AL rates 12.  A meta-analysis 

including 13,040 rectal cancer patients demonstrated a significantly lower risk of AL in 

favour of high volume hospitals (OR 0.72, 95% CI 0.48, 1.09). There was no significant 

difference among colon cancer patients 12.  

 

Research challenges: 

 Further validation of the Colon Leakage Score as a universal tool for predicting AL. 

 Improved understanding of the detrimental effects of radiotherapy on anastomotic 

healing 
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Anastomotic construction 

The role of specialisation in reducing leakage rates highlights the importance of surgical 

technique in anastomotic construction. One meta-analysis of reconstruction techniques after 

low anterior resection compared straight coloanal anastomosis, side-to-end coloanal 

anastomosis, transverse coloplasty and colonic J pouch and did not demonstrate superiority of 

any technique in terms of leakage 13.   

 

Several Cochrane reviews and meta-analyses have failed to demonstrate a benefit for either 

hand sewn or stapled anastomosis 14-17. Stapled anastomosis is increasingly being used 

because of technical ease, reproducibility and speed. In the era of increasing laparoscopic 

surgery, stapled low rectal anastomosis presents a particular problem due to the confines of 

the bony pelvis. Numerous studies suggest that the number of stapler firings used to transect 

the distal rectum in double-stapled anastomosis increases the rate of AL 18-23, whilst others 

have failed to show this 24, 25. There does not appear to be any benefit of single over double-

stapled low rectal anastomosis 26.  

 

Transanal total mesorectal excision (TaTME) has been suggested to result in lower rates of 

ALdue to the avoidance of cross stapling 27, 28. More data from large international cohort 

studies and randomised trials are awaited to confirm this. Other techniques for anastomosis 

have been tried, including anastomotic compression. First described by Denans almost two 

centuries ago 29, the AKA-2 device, developed in the 1980s, comprised two plastic rings 

applied with a transanal applicator. Compression of the inverted bowel edges produces 

simultaneous necrosis and healing. After four to six days the rings separate from the 

anastomosis 30. The AKA-2 was superseded by the biofragmentable anastomotic ring (BAR) 

made of absorbable polyglycolic acid and barium sulphate 31. When the device is closed a 
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small gap remains between the rings to limit tissue necrosis. The ring fragments are passed 

with the stool tow to three weeks postoperatively. The limitations of the device include 

retained foreign material within the tissue, luminal narrowing, necrosis at the anastomotic site 

and problems with introducing the deployment device 32.  Most recently the nickel-titanium 

(Nitinol; NiTi) ColonRing device has been introduced 32 with compression rings that possess 

shape memory and elasticity to provide more uniform compression of the tissue. Despite a 

large multicentre, multinational study involving 1,180 patients 33 and a prospective 

multicentre study reporting leakage rates of just over 3% 34 the device has not gained 

widespread application. 

 

Research challenges: 

 Identification of new materials and methods for performing anastomosis with minimal 

collateral tissue trauma. 

 Development of devices that accommodate the confines of the pelvis and facilitate low 

rectal anastomosis  

 

Anastomotic reinforcement 

Several innovations have been tried to reinforce an anastomosis and so reduce the occurrence 

of leakage. These include the use of tissue adhesives, bio-absorbable materials and 

intraluminal stents. None has shown clinical efficacy or entered into routine practice. 

Notably, two randomised comparisons of Seamguard® (W.L. Gore & Associates Inc., 

Flagstaff, Arizona, USA) against standard circular stapling for rectal anastomosis failed to 

show any difference in the AL rate 35, 36. The most recent technology, LifeSeal™ (LifeBond, 

Caesarea Industrial Park, Israel),  uses enzyme-based catalytic breakdown of a gelatin-based 
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product to seal an anastomosis; the results of early phase clinical trials are awaited. Recent 

studies in rat models of AL have demonstrated that cyanoacrylate-based adhesives show the 

greatest mechanical strength and lowest rate of ileus, bowel wall destruction and 

immunohistopathological tissue reaction compared with other adhesive materials 37, 38. 

 

In a related strategy, omental wrap 39 and mesenteric flap formation 40 have been used to seal 

anastomoses and provide a cellular scaffold for healing. In a meta-analysis of three studies 

including 943 patients, the use of an omental wrap resulted in a significant three-fold 

reduction in the rate of clinical AL but no difference in the reoperation rate  or mortality 39. 

 

Research challenge: 

 Improved methods to seal an anastomosis and support tissue healing 

 

Defunctioning stoma 

A defunctioning stoma is used to protect a rectal anastomoses by diverting the faecal stream. 

Whether it prevents AL or merely reduces the consequence of leakage is debated. There is no 

agreement whether a defunctioning stoma should be constructed for all rectal anastomoses or 

just for those that are low. A defunctioning ileostomy can cause morbidity, most notably 

dehydration and sodium depletion owing to excessive output. Reversal of the stoma is 

associated with a complication in some 40% of patients 41. Many patients will be left with a 

stoma for several months due to the low clinical priority for reversal 42 and  20% of patients 

are left with a permanent stoma owing to postoperative complications of anterior resection 43.  
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Several studies have suggested that a defunctioning stoma decreases the incidence of clinical 

leakage of a colorectal anastomosis 44, 45, others on the other hand have reported no difference 

in leakage but a reduced incidence of reoperation has been recorded46. A recent propensity-

matched scoring analysis of 936 patients who underwent low anterior resection confirms that 

defunctioning ileostomy does not influence the rate of clinical AL but does mitigate against 

the consequences, reducing the need for urgent reoperation 47.  

 

The technique of pre-stage ileostomy, also known as ‘ghost’ ileostomy, has been described 

whereby a terminal ileal loop is exteriorized through the abdominal wall but is left unopened 

48. Should a complication of the anastomosis develop it can be rapidly transformed into a 

definitive ileostomy under local anaesthesia. If this is not needed, the morbidity of an 

ileostomy is avoided. Although the ghost ileostomy appears to be feasible in cohort studies 49, 

50, its role is yet to be determined by randomised controlled evidence.   

 

Research challenge: 

 Improved selection criteria for patients undergoing a defunctioning stoma 

 Further determine the role of ‘ghost’ ileostomy in association with a high risk 

anastomosis 

 

Intraoperative prediction of anastomotic leakage 

The air leak test is a well established technique to check intraoperatively the anastomotic 

integrity immediately after completion of the anastomosis.. It is easy, cheap and quick to 

perform with very little risk. The evidence suggests that the air test is effective in predicting 

satisfactory healing when it demonstrates an intact anastomosis 51, 52. Thus a randomised 
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study by Beard et al. 51 reported more clinical and radiological leaks in patients who did not 

undergo an air test than those who did (clinical 14% vs. 4%, radiological 29% vs. 11%).  In a 

retrospective cohort study, Ricciardi et al. 52 analysed 998 consecutive left sided anastomoses 

performed without diversion. The clinical leak rate of 8% in patients with a positive air test 

was significantly higher than the 4% in patients with a negative result, with the leak rate in 

patients with untested anastomoses being similar (8%) to those with a positive test. In the 

event of a positive air test, suture repair alone may be associated with a high AL rate and the 

evidence suggests that in this situation the anastomosis should be revised and/or defunctioned 

52-54.  

 

Intraoperative endoscopy allows assessment of anastomotic integrity, bleeding from the 

staple line and the detection of any additional pathology. [52] 55. Although intra-operative 

endoscopy has been shown to be a safe and reliable technique, studies comparing its routine 

with selective use have been underpowered 55, 56. Without a large randomised control trial any 

benefit of  routine intraoperative endoscopy in preventing AL cannot be determined.  

 

Research challenge: 

 A randomised evaluation of intraoperative endoscopy to assess anastomotic integrity. 

 

Anastomotic healing 

Understanding the pathophysiology of anastomotic healing is crucial to the development of 

new treatment and preventative strategies. Owing to the complex biological processes 

involved, it is difficult to mimic anastomotic healing inࣟvitro and a recent systematic review 

showed that animal research on AL is of poor quality 57. Although many components of the 
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healing process, such as the initial inflammatory response, organisation, collagen deposition 

and wound remodelling, are common to all tissues and have been studied extensively in skin, 

certain aspects of anastomotic healing differ considerably 58. Caution is therefore advised in 

translating cutaneous models of wound healing to healing in the gastro-intestinal (GI) tract. 

 

Collagen in the GI tract is produced both by fibroblasts and smooth muscle cells compared 

with fibroblasts alone in the skin. Despite increased shear stress and bacterial load, wound 

healing is far more rapid in the GI tract 58. The capacity of collagen synthesis in anastomotic 

tissue 59 is significantly impaired in sepsis and an anastomosis should be avoided in such 

circumstances. Furthermore, collagenase, which is less important in cutaneous healing, plays 

a critical role. Collagenase is upregulated in the colonic mucosa following anastomosis, 

contributing to lysis of collagen and decreased anastomotic strength 60. It has been suggested 

that some patients are at increased risk of AL due to pre-existing changes in the extracellular 

matrix, such as a lower collagen type I/III ratio and higher expression of several collagenase 

subtypes in both mucosa and submucosa 61.  

 

Research challenge:  

 Improved understanding of the molecular and biochemical pathways controlling the 

early balance of collagen synthesis and breakdown in anastomotic healing 

 

Optimising anastomotic vascularity 

Optimal blood supply to the anastomosis is critical for healing. At operation, perfusion is 

assessed clinically by inspecting the colour of the bowel and bleeding from its cut ends and 

the marginal vessels. Several attempts have been made to apply more sophisticated means of 
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assessing anastomotic perfusion. Such methods include analysis of tissue oxygenation using 

light spectroscopy 62 and modified pulse oximetry 63, 64. A fall in tissue oxygen tension 

appears to be associated with subsequent AL. Interestingly, in patients who do not suffer AL 

there is a reactive rise in the tissue oxygen tension in the proximal part of the anastomosis, 

suggesting a protective compensatory mechanism at the tissue level 62. 

 

In patients undergoing chemoradiotherapy for rectal cancer, computed tomographic (CT) 

perfusion scanning was used to assess parameters of microvascular perfusion, including 

blood flow and blood volume 65. Both parameters were increased in the cancers compared 

with normal rectal wall and showed a significant reduction in response to chemoradiotherapy. 

Similar techniques may be applicable to assessing the risk of AL particularly after 

radiotherapy. 

 

The development of fluorescence perfusion angiography has enabled the surgeon to 

‘visualise’ tissue perfusion in real time. This allows the surgeon to assess bowel perfusion 

and to select an appropriate segment of bowel for anastomosis and then to check perfusion 

endoscopically on completion of the anastomosis 66. Typically, a fluorophore is injected 

intravenously and visualized with a near-infrared (NIR) camera. NIR imaging has the 

advantage over other wavelengths of electromagnetic radiation in providing deep tissue 

penetration without causing thermal damage 67. The most commonly used fluorophore is 

indocyanine green (ICG), which absorbs light at 790-810nm and re-emits fluorescence at 

835nm 67. ICG is safe for human use and has US Food and Drug Administration (FDA) 

approval for a variety of imaging applications, including assessment of hepatic function, 

measurement of cardiac output, and ophthalmic angiography 68. When administered 

intravenously it binds rapidly to plasma proteins and is limited to the intravascular 
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compartment. It has a plasma elimination half-life of three to five minutes and is metabolized 

in the liver with a half-life of 15 to 20 minutes, making it suitable for multiple evaluations 69, 

70.  

 

Intra-operative NIR-ICG for assessment of anastomotic perfusion has been shown to be 

feasible and safe in several non-randomised studies  using laparoscopic (PINPOINT™ 

(Novadaq, Mississauga, Ontario, Canada) 69, 71, NIR/ICG system (Karl Storz 72, Tuttlingen, 

Germany))  and robotic (Firefly™ (Intuitive Surgical Inc., Sunnyvale, California, USA)) 

systems 73. In  white light mode these systems act as a conventional laparoscope and in NIR 

mode the ICG is visualized as a white fluorescence on a black background. The PINPOINT™ 

system provides a dual display mode, where green ICG fluorescence is superimposed on the 

white light image to provide an augmented view of tissue perfusion. All commercially 

available NIR imaging systems lack the capability to quantify tissue perfusion, which 

remains subjective with no clear cut-off to guide the surgeon on the adequacy or inadequacy 

of anastomotic perfusion 67.   

 

The largest non-randomised multicentre trial to use NIR fluorescence angiography with the 

PINPOINT system to assess anastomotic viability during laparoscopic left colectomy is the 

Perfusion Assessment in Laparoscopic Left Anterior Resection (PILLAR II)  trial 71. This 

feasibility study in 147 patients conducted in the United States achieved successful imaging 

in 98.6% of cases and resulted in a change of surgical plan in 7.9% of the patients. There was 

a low clinical leak rate of 1.4% at 30-days with no complications attributable to the use of 

ICG or the device. A European phase II  study of the role of NIR fluorescence angiography in 

assessing anastomotic perfusion is ongoing (clinical trials identifier NCT02459405) 74.  
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A RCT evaluating ICG-NIR in rectal surgery, the PILLAR III trial, is due for completion in 

2017 (clinical trials identifier NCT02205307) 75. Patients planned for open or minimally 

invasive low anterior resection for rectal or rectosigmoid cancer with an anastomosis at 10cm 

or less from the anal verge, are eligible. They are stratified according to neo-adjuvant therapy 

and randomised to receive intra-operative fluorescent angiography with the PINPOINT® or 

SPY® Elite system or white light laparoscopy. The primary endpoint is the anastomotic 

leakage rate.  

 

Research challenges: 

 Validation of NIR-ICG efficacy in reducing AL 

 Methods to quantify NIR-ICG perfusion 

 Multi-spectral laparoscopic systems for detection of different fluorophores 

 Novel pharmacological methods to enhance anastomotic perfusion 

Anastomotic leakage as an infective complication 

There has been much interest in a return to the concept of anastomotic leakage as an infective 

complication. Using a rat model, Shogan et al have shown that anastomotic injury results in a 

change in anastomotic tissue-associated microbiota with a notable 500-fold and 200-fold 

increase in the relative abundance of Enterococcus and Escherichia/Shigella species 76. 

Importantly, this difference was only apparent in tissue from the anastomosis and not in 

luminal faecal samples. AL was associated with increased bacterial virulence-associated 

pathways, including production of matrix-degrading enzymes and cytotoxic necrotizing 

factors. Work by the same group, again in a rat model, showed that Enterococcus faecalis 

contributed to AL by upregulation of collagenase activity and activation of tissue matrix 

metalloproteinase-9 (MMP-9) and that AL was prevented by administration of an antibiotic 
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enema or MMP-9 inhibitor 77. Furthermore, in a small cohort of 11 patients undergoing 

colonic surgery, E. faecalis and other bacteria with collagen-degrading and MMP-9-

activating ability could be isolated from the anastomotic site and were unaffected by the use 

of standard intravenous prophylactic antibiotics.  

 

The concept of upregulation of bacterial virulence pathways with increased collagenase 

production leading to AL is supported by work from the 1980s conducted by Young and 

Wheeler 78, 79. Using a collagenase inhibitor (Aprotinin) they were able to demonstrate an 

increase in anastomotic burst pressure and breaking strength in a rat model 78 and a 

significant reduction of radiological and clinical AL in a RCT involving 100 patients 79. 

 

Another interesting observation, with relevance to rectal cancer surgery, is the change in 

composition and virulence of the rectal flora following radiotherapy 80. The adverse influence 

of radiotherapy on AL is usually attributed to tissue inflammation and microvascular injury, 

but it is possible that radiotherapy-induced changes in the rectal flora result in a pro-AL 

microenvironment. This is supported by the work of Olivas et al (2012) who showed in a 

model of low anterior resection that pre-operative radiation and intestinal inoculation of 

Pseudomonas aeruginosa (a collagenase producing bacterium) resulted in high rates of AL, 

whereas radiation alone or P. aeruginosa alone did not cause leakage 81. 

 

Research challenges 

 To establish cause and effect for the role of the microbiome in AL 

 Exploit protease inhibition as a mechanism to reduce AL 

 Further investigation of the change in microbiome induced by radiation, its role in 

AL, and strategies for mitigation. 
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The role of mechanical bowel preparation 

The role of mechanical bowel preparation (MBP) prior to surgery is an area of contention, 

with opinions varying either side of the Atlantic. The disadvantages of MBP are the 

unwanted complications, including hypovolaemia, metabolic disturbance and poor patient 

compliance 82-85. The advantages include the ability to perform intraoperative endoscopy and 

to avoid a faecally loaded colon. Evidence against the use of routine MBP in colonic surgery 

includes a  meta-analysis performed in 2009 and a subsequent Cochrane review 86, 87. 

 

The evidence for MBP in rectal surgery is less clear-cut. Randomised evidence in rectal 

cancer is confined to one trial, GRECCAR III, which randomised patients to MBP (oral 

laxative and enema) or no MBP 84. Although no difference in the rates of AL and major 

morbidity were demonstrated, patients with no MBP had a higher 30-day morbidity and more 

infectious complications. Other studies have confirmed the lack of association between MBP 

and AL in rectal surgery 88, 89 and suggested that a rectal enema alone may be as effective 90.  

This is the focus of an ongoing Italian RCT in which patients are randomised to either full 

MBP or rectal enema alone (clinical trials identifier NCT00940030) 74.  

 

Research challenge: 

 Optimal method of bowel cleansing prior to rectal surgery 

 Clarification on the role of MBP when an upstream stoma is to be fashioned  
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Pre-operative antibiotics and selective gut decontamination 

The pre-operative administration of non-absorbable oral antibiotic preparations (OAP) has 

been demonstrated to reduce the risk of AL following elective GI surgery (OR 0.42, 95% CI 

0.24 to 0.73) 91. The co-administration of  MBP with OAP may reduce the faecal load 

allowing increased delivery of OAP to the colonic mucosa 92, 93. Several recent large 

retrospective studies using the National Surgical Quality Improvement Program (NSQIP) 

database suggest that OAP in combination with MBP is effective in reducing AL 93-95. There 

are, however, methodological limitations with these studies, including differences in the 

study populations, lack of data on systemic antibiotic usage and lack of detail regarding type 

and dose of MBP and OAP. Further evidence is needed and might be forthcoming from the 

SELECT study (clinical trials identifier NCT01740947), which is investigating whether oral 

non-absorbable antibiotics reduce clinical AL, and is due to complete in 2018 96.  

 

Research challenge: 

 The optimal administration and antibiotic combination for reducing AL and surgical 

site infections 

 

Early diagnosis 

Early diagnosis of anastomotic leakage allows timely remedial intervention and reduces 

morbidity and mortality 97. The difficulty is that AL presents in a variety of ways, ranging 

from rapid fulminant sepsis to a more insidious onset with failure to progress in the 

postoperative period. The main radiological modalities used to diagnose AL are water-soluble 

contrast enema (WSCE) and CT, but data on their accuracy are limited by the timing of the 

study and the expertise of the radiologist 98. WSCE is safe despite fears concerning 



A
c

c
e

p
te

d
 A

r
ti

c
le

This article is protected by copyright. All rights reserved. 

anastomotic disruption 99, but its sensitivity and specificity can be poor with reported figures 

of 52% and 87% respectively in left-sided anastomoses 100. In comparison, the sensitivity and 

specificity of CT scanning has been reported to be 57% and 100% after total mesorectal 

excision for rectal cancer 101. It is possible that a combination of the techniques, using CT 

with rectal contrast, improves diagnostic accuracy 102. 

 

The use of biosensors to sample the anastomotic environment via an intraluminal or 

microdialysis catheter may allow early detection of anastomotic disruption 55. This technique 

allows rapid analysis at multiple time points.  Studies have reported a lower pH 103 and 

concentration of ischaemia-related metabolites 104 and increased levels of lysozyme 105, 

bacterial cell wall lipopolysaccharide 106 and cytokines 107 in patients who develop AL. These 

findings suggest that bacterial translocation has occurred within the first three to five days of 

the anastomosis being constructed, even if the frank leakage of intraluminal contents has not 

occurred by that time.   

 

Changes in electrical resistance have also been associated with anastomotic disruption 108. 

The use of serum C-reactive protein (CRP) as a marker of AL is probably limited by its poor 

specificity, but it has been suggested that a CRP above  150mmol/l on postoperative days 3 to 

5 may be predictive and a trigger for further investigation 4. 

 

Research challenges: 

 The optimal radiological techniques to detect AL  

 Identification of the preferred biomarkers for detecting early AL 

 Development of real-time, bed-side methods for detecting early AL 
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Management strategies for anastomotic leakage 

Many factors have to be considered when deciding the best treatment for a patient with AL. 

These include age, comorbidity, level of the anastomosis, the interval from the primary 

operation and the degree of anastomotic dehiscence 109. The treatment options include one or 

more of antibiotic therapy, transanal drainage, percutaneous drainage, 

laparoscopy/laparotomy with anastomotic repair and defunctioning stoma, and take-down of 

the anastomosis with end stoma. A survey of 350 members of the Dutch Society of 

Gastrointestinal Surgery suggested heterogeneity in the strategies employed to manage 

leakage with a preference to try and preserve a left sided anastomosis in fitter and younger 

patients 110.  

 

In an analysis of the American College of Surgeons (ACS) NSQIP 2012 database, 56% of 

patients with AL required re-operation, 25% received a non-surgical intervention and 19% 

were treated medically 111. The need for re-operation was found to be greater in patients with 

anastomotic leakage from a colo-colonic anastomosis than with an ileo-colonic or colo-rectal 

anastomosis, and was reduced in patients with a stoma. In patients with a high-risk profile, a 

repair or construction of new anastomosis should probably not be performed without a 

protective stoma 112. McDermott et al proposed an AL severity score to aid clinical decision-

making regarding the  escalation of care, use of inotropes and intervention 4. This score 

ranges from a patient deviating from his or her expected course with biochemical 

abnormalities (grade 1), where the recommendation is close observation to a patient in septic 

shock (grade 5) where intensive care and emergency laparotomy are required.  
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AL following rectal surgery, particularly in the presence of a diverting stoma, may present as 

a pre-sacral abscess that can leave a chronic sinus after it has drained. Treatment options 

include a watch and wait policy, take down of the anastomosis and creation of an end 

colostomy or laying open of the sinus into the neorectum. Newer techniques include 

endoluminal endosponge vacuum-assisted systems, which provide continuous drainage and 

encourage by suction the bowel wall of the neorectum to obliterate the cavity 113. This should, 

however, be undertaken early whilst the tissues are still flexible and can respond to the 

negative pressure. Vacuum—assisted treatment is effective with and without a diverting 

stoma 113, 114. The use of sutures or endoscopic clips to close the residual defect following 

endosponge therapy may reduce the time to healing 115.  

 

Research challenges 

 Validation of endoluminal therapies for anastomotic leakage 

 

Summary and future perspectives 

ALis a substantial problem for clinicians, patients and healthcare providers. Little progress 

has been made over the last ten years in our understanding or management of the condition. 

A concerted effort is required by surgical researchers, working in collaboration with industry, 

basic scientists and healthcare partners. Several new techniques have emerged that hold 

promise in reducing AL although their exact role is yet to be established by prospective 

randomised evidence. The emerging concept of AL as an infective complication warrants 

further investigation and if it is shown to be valid it may hold the key to future prophylactic 

therapies.  
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The aim of this manuscript has been to present the current thinking amongst leading 

colorectal surgeons and pathologists on the most pressing areas for further research. It is 

hoped that this manuscript will stimulate the research that is needed to make an impact on a 

clinical problem that has defied the efforts of previous generations.  

 

Acknowledgements 

The following individuals also participated in the expert meeting on colorectal anastomotic 

leak: B. George (Oxford University Hospitals, UK), M. Chand (University College Hospital, 

UK), M. Reif (Novadaq Technologies Inc., Cananda) and T. Yeung (University of Oxford, 

UK). 

 

References 

1. Bruce J, Krukowski ZH, Al-Khairy G, Russell EM, Park KG. Systematic review of 
the definition and measurement of anastomotic leak after gastrointestinal surgery. Br J Surg. 
2001;88(9):1157-68. 
2. Rahbari NN, Weitz J, Hohenberger W, Heald RJ, Moran B, Ulrich A, et al. Definition 
and grading of anastomotic leakage following anterior resection of the rectum: a proposal by 
the International Study Group of Rectal Cancer. Surgery. 2010;147(3):339-51. 
3. Kulu Y, Ulrich A, Bruckner T, Contin P, Welsch T, Rahbari NN, et al. Validation of 
the International Study Group of Rectal Cancer definition and severity grading of 
anastomotic leakage. Surgery. 2013;153(6):753-61. 
4. McDermott FD, Heeney A, Kelly ME, Steele RJ, Carlson GL, Winter DC. Systematic 
review of pre-operative, intraoperative and postoperative risk factors for colorectal 
anastomotic leaks. British Journal of Surgery. 2015;102(5):462-79. 
5. Lim M, Akhtar S, Sasapu K, Harris K, Burke D, Sagar P, et al. Clinical and 
subclinical leaks after low colorectal anastomosis: a clinical and radiologic study. Dis Colon 
Rectum. 2006;49(10):1611-9. 
6. Dekker JW, Liefers GJ, de Mol van Otterloo JC, Putter H, Tollenaar RA. Predicting 
the risk of anastomotic leakage in left-sided colorectal surgery using a colon leakage score. 
Journal of Surgical Research. 2011;166(1):e27-34. 
7. Pommergaard HC, Gessler B, Burcharth J, Angenete E, Haglind E, Rosenberg J. Pre-
operative risk factors for anastomotic leakage after resection for colorectal cancer: a 
systematic review and meta-analysis. Colorectal Disease. 2014;16(9):662-71. 
8. Marijnen CAM, Kapiteijn E, van de Velde CJH, Martijn H, Steup WH, Wiggers T, et 
al. Acute Side Effects and Complications After Short-Term Pre-operative Radiotherapy 
Combined With Total Mesorectal Excision in Primary Rectal Cancer: Report of a Multicenter 
Randomized Trial. Journal of Clinical Oncology. 2002;20(3):817-25. 



A
c

c
e

p
te

d
 A

r
ti

c
le

This article is protected by copyright. All rights reserved. 

9. Sebag-Montefiore D, Stephens RJ, Steele R, Monson J, Grieve R, Khanna S, et al. 
Pre-operative radiotherapy versus selective post-operative chemoradiotherapy in patients with 
rectal cancer (MRC CR07 and NCIC-CTG C016): a multicentre, randomised trial. Lancet. 
2009;373(9666):811-20. 
10. Pettersson D, Cedermark B, Holm T, Radu C, Pahlman L, Glimelius B, et al. Interim 
analysis of the Stockholm III trial of pre-operative radiotherapy regimens for rectal cancer. 
British Journal of Surgery. 2010;97(4):580-7. 
11. Biondo S, Kreisler E, Millan M, Fraccalvieri D, Golda T, Frago R, et al. Impact of 
surgical specialization on emergency colorectal surgery outcomes. Archives of Surgery. 
2010;145(1):79-86. 
12. Archampong D, Borowski D, Wille-Jorgensen P, Iversen LH. Workload and 
surgeon's specialty for outcome after colorectal cancer surgery. Cochrane Database Syst Rev. 
2012;3:Cd005391. 
13. Hüttner FJ, Tenckhoff S, Jensen K, Uhlmann L, Kulu Y, Büchler MW, et al. Meta-
analysis of reconstruction techniques after low anterior resection for rectal cancer. British 
Journal of Surgery. 2015;102(7):735-45. 
14. Choy PY, Bissett IP, Docherty JG, Parry BR, Merrie AE. Stapled versus handsewn 
methods for ileocolic anastomoses. Cochrane Database Syst Rev. 2007(3):Cd004320. 
15. Lustosa SA, Matos D, Atallah AN, Castro AA. Stapled versus handsewn methods for 
colorectal anastomosis surgery. Cochrane Database Syst Rev. 2001(3):Cd003144. 
16. MacRae HM, McLeod RS. Handsewn vs. stapled anastomoses in colon and rectal 
surgery: a meta-analysis. Dis Colon Rectum. 1998;41(2):180-9. 
17. Slieker JC, Daams F, Mulder IM, Jeekel J, Lange JF. Systematic review of the 
technique of colorectal anastomosis. JAMA Surgery. 2013;148(2):190-201. 
18. Ito M, Sugito M, Kobayashi A, Nishizawa Y, Tsunoda Y, Saito N. Relationship 
between multiple numbers of stapler firings during rectal division and anastomotic leakage 
after laparoscopic rectal resection. Int J Colorectal Dis. 2008;23(7):703-7. 
19. Kawada K, Hasegawa S, Hida K, Hirai K, Okoshi K, Nomura A, et al. Risk factors 
for anastomotic leakage after laparoscopic low anterior resection with DST anastomosis. 
Surgical Endoscopy. 2014;28(10):2988-95. 
20. Kim CW, Baek SJ, Hur H, Min BS, Baik SH, Kim NK. Anastomotic Leakage After 
Low Anterior Resection for Rectal Cancer Is Different Between Minimally Invasive Surgery 
and Open Surgery. Ann Surg. 2016;263(1):130-7. 
21. Kim JS, Cho SY, Min BS, Kim NK. Risk factors for anastomotic leakage after 
laparoscopic intracorporeal colorectal anastomosis with a double stapling technique. Journal 
of the American College of Surgeons. 2009;209(6):694-701. 
22. Park JS, Choi G-S, Kim SH, Kim HR, Kim NK, Lee KY, et al. Multicenter analysis 
of risk factors for anastomotic leakage after laparoscopic rectal cancer excision: the Korean 
laparoscopic colorectal surgery study group. Ann Surg. 2013;257(4):665-71. 
23. Katsuno H, Shiomi A, Ito M, Koide Y, Maeda K, Yatsuoka T, et al. Comparison of 
symptomatic anastomotic leakage following laparoscopic and open low anterior resection for 
rectal cancer: a propensity score matching analysis of 1014 consecutive patients. Surgical 
Endoscopy. 2016;30(7):2848-56. 
24. Akiyoshi T, Ueno M, Fukunaga Y, Nagayama S, Fujimoto Y, Konishi T, et al. 
Incidence of and risk factors for anastomotic leakage after laparoscopic anterior resection 
with intracorporeal rectal transection and double-stapling technique anastomosis for rectal 
cancer. American Journal of Surgery. 2011;202(3):259-64. 
25. Yamamoto S, Fujita S, Akasu T, Inada R, Moriya Y. Risk factors for anastomotic 
leakage after laparoscopic surgery for rectal cancer using a stapling technique. Surgical 
Laparoscopy Endoscopy & Percutaneous Techniques. 2012;22(3):239-43. 



A
c

c
e

p
te

d
 A

r
ti

c
le

This article is protected by copyright. All rights reserved. 

26. Kim HJ, Choi GS, Park JS, Park SY. Comparison of intracorporeal single-stapled and 
double-stapled anastomosis in laparoscopic low anterior resection for rectal cancer: a case-
control study. Int J Colorectal Dis. 2013;28(1):149-56. 
27. Penna M, Knol J, Tuynman J, Tekkis P, Mortensen N, Hompes R. Four anastomotic 
techniques following transanal total mesorectal excision (TaTME). Tech Coloproctol. 
2016;20(3):185-91. 
28. Simillis C, Hompes R, Penna M, Rasheed S, Tekkis PP. A systematic review of 
transanal total mesorectal excision: is this the future of rectal cancer surgery? Colorectal 
Disease. 2016;18(1):19-36. 
29. Denans F. Nouveau procédé pour la guerison des plaies des intestins: receuil de la 
société Royale de Medecine de Marseille.  Imprimerie d’Archard; Marseille, France1827. 
30. Kaidar-Person O, Rosenthal RJ, Wexner SD, Szomstein S, Person B. Compression 
anastomosis: history and clinical considerations. Am J Surg. 2008;195(6):818-26. 
31. Kim S-H, Choi H-J, Park K-J, Kim J-M, Kim K-H, Kim M-C, et al. Sutureless 
Intestinal Anastomosis With the Biofragmentable Anastomosis Ring: Experience of 632 
Anastomoses in a Single Institute. Diseases of the Colon & Rectum. 2005;48(11):2127-32. 
32. Buchberg BS, Masoomi H, Bergman H, Mills SD, Stamos MJ. The Use of a 
Compression Device as an Alternative to Hand-Sewn and Stapled Colorectal Anastomoses: Is 
Three a Crowd? Journal of Gastrointestinal Surgery. 2011;15(2):304-10. 
33. Masoomi H, Luo R, Mills S, Carmichael JC, Senagore AJ, Stamos MJ. Compression 
anastomosis ring device in colorectal anastomosis: a review of 1,180 patients. The American 
Journal of Surgery. 2013;205(4):447-51. 
34. D'Hoore A, Albert MR, Cohen SM, Herbst F, Matter I, Van Der Speeten K, et al. 
COMPRES: a prospective postmarketing evaluation of the compression anastomosis ring 
CAR 27 /ColonRing. Colorectal Dis. 2015;17(6):522-9. 
35. Senagore A, Lane FR, Lee E, Wexner S, Dujovny N, Sklow B, et al. Bioabsorbable 
staple line reinforcement in restorative proctectomy and anterior resection: a randomized 
study. Diseases of the Colon & Rectum. 2014;57(3):324-30. 
36. Placer C, Enriquez-Navascues JM, Elorza G, Timoteo A, Mugica JA, Borda N, et al. 
Preventing complications in colorectal anastomosis: results of a randomized controlled trial 
using bioabsorbable staple line reinforcement for circular stapler. Dis Colon Rectum. 
2014;57(10):1195-201. 
37. Vakalopoulos KA, Wu Z, Kroese L, Kleinrensink GJ, Jeekel J, Vendamme R, et al. 
Mechanical strength and rheological properties of tissue adhesives with regard to colorectal 
anastomosis: an ex vivo study. Ann Surg. 2015;261(2):323-31. 
38. Vakalopoulos KA, Wu Z, Kroese LF, van der Horst PH, Lam KH, Dodou D, et al. 
Clinical, mechanical, and immunohistopathological effects of tissue adhesives on the colon: 
An in-vivo study. Journal of Biomedical Materials Research Part B: Applied Biomaterials. 
2016:n/a-n/a. 
39. Hao XY YK, Guo TK, Ma B, Tian JH, Li HL. Omentoplasty in the prevention of 
anastomotic leakage after colorectal resection: a meta-analysis. In J Colorect Dis. 
2008;23:1159 - 65. 
40. Mohan HM, Winter DC. Autobuttressing of colorectal anastomoses using a 
mesenteric flap. Updates in Surgery. 2013;65(4):333-5. 
41. Akesson O, Syk I, Lindmark G, Buchwald P. Morbidity related to defunctioning loop 
ileostomy in low anterior resection. Int J Colorectal Dis. 2012;27(12):1619-23. 
42. Floodeen H, Lindgren R, Matthiessen P. When are defunctioning stomas in rectal 
cancer surgery really reversed? Results from a population-based single center experience. 
Scandinavian Journal of Surgery: SJS. 2013;102(4):246-50. 



A
c

c
e

p
te

d
 A

r
ti

c
le

This article is protected by copyright. All rights reserved. 

43. Lindgren R, Hallbook O, Rutegard J, Sjodahl R, Matthiessen P. What is the risk for a 
permanent stoma after low anterior resection of the rectum for cancer? A six-year follow-up 
of a multicenter trial. Diseases of the Colon & Rectum. 2011;54(1):41-7. 
44. Chude GG, Rayate NV, Patris V, Koshariya M, Jagad R, Kawamoto J, et al. 
Defunctioning loop ileostomy with low anterior resection for distal rectal cancer: should we 
make an ileostomy as a routine procedure? A prospective randomized study. Hepato-
Gastroenterology. 2008;55(86-87):1562-7. 
45. Tan WS, Tang CL, Shi L, Eu KW. Meta-analysis of defunctioning stomas in low 
anterior resection for rectal cancer. British Journal of Surgery. 2009;96(5):462-72. 
46. Matthiessen P, Hallbook O, Rutegard J, Simert G, Sjodahl R. Defunctioning stoma 
reduces symptomatic anastomotic leakage after low anterior resection of the rectum for 
cancer: a randomized multicenter trial. Annals of Surgery. 2007;246(2):207-14. 
47. Shiomi A, Ito M, Maeda K, Kinugasa Y, Ota M, Yamaue H, et al. Effects of a 
diverting stoma on symptomatic anastomotic leakage after low anterior resection for rectal 
cancer: a propensity score matching analysis of 1,014 consecutive patients. J Am Coll Surg. 
2015;220(2):186-94. 
48. Miccini M, Amore Bonapasta S, Gregori M, Barillari P, Tocchi A. Ghost ileostomy: 
real and potential advantages. Am J Surg. 2010;200(4):e55-7. 
49. Cerroni M, Cirocchi R, Morelli U, Trastulli S, Desiderio J, Mezzacapo M, et al. Ghost 
Ileostomy with or without abdominal parietal split. World Journal of Surgical Oncology. 
2011;9(1):1-5. 
50. Mori L, Vita M, Razzetta F, Meinero P, D’Ambrosio G. Ghost Ileostomy in Anterior 
Resection for Rectal Carcinoma: Is It Worthwhile? Diseases of the Colon & Rectum. 
2013;56(1):29-34. 
51. Beard JD, Nicholson ML, Sayers RD, Lloyd D, Everson NW. Intraoperative air 
testing of colorectal anastomoses: a prospective, randomized trial. Br J Surg. 
1990;77(10):1095-7. 
52. Ricciardi R, Roberts PL, Marcello PW, Hall JF, Read TE, Schoetz DJ. Anastomotic 
leak testing after colorectal resection: what are the data? Arch Surg. 2009;144(5):407-11; 
discussion 11-2. 
53. Kamal T, Pai A, Velchuru VR, Zawadzki M, Park JJ, Marecik SJ, et al. Should 
anastomotic assessment with flexible sigmoidoscopy be routine following laparoscopic 
restorative left colorectal resection? Colorectal Disease. 2015;17(2):160-4. 
54. Li VK, Wexner SD, Pulido N, Wang H, Jin HY, Weiss EG, et al. Use of routine 
intraoperative endoscopy in elective laparoscopic colorectal surgery: can it further avoid 
anastomotic failure? Surg Endosc. 2009;23(11):2459-65. 
55. Hirst NA, Tiernan JP, Millner PA, Jayne DG. Systematic review of methods to 
predict and detect anastomotic leakage in colorectal surgery. Colorectal Disease. 
2014;16(2):95-109. 
56. Ishihara S, Watanabe T, Nagawa H. Intraoperative colonoscopy for stapled 
anastomosis in colorectal surgery. Surg Today. 2008;38(11):1063-5. 
57. Yauw STK, Wever KE, Hoesseini A, Ritskes-Hoitinga M, van Goor H. Systematic 
review of experimental studies on intestinal anastomosis. British Journal of Surgery. 
2015;102(7):726-34. 
58. Thornton FJ, Barbul A. HEALING IN THE GASTROINTESTINAL TRACT. 
Surgical Clinics of North America. 1997;77(3):549-73. 
59. Ahrendt GM, Tantry US, Barbul A. Intra-abdominal sepsis impairs colonic reparative 
collagen synthesis. The American Journal of Surgery. 1996;171(1):102-8. 
60. Hawley PR, Faulk WP, Hunt TK, Dunphy JE. Collagenase activity in the gastro-
intestinal tract. British Journal of Surgery. 1970;57(12):896-900. 



A
c

c
e

p
te

d
 A

r
ti

c
le

This article is protected by copyright. All rights reserved. 

61. Stumpf M, Klinge U, Wilms A, Zabrocki R, Rosch R, Junge K, et al. Changes of the 
extracellular matrix as a risk factor for anastomotic leakage after large bowel surgery. 
Surgery. 2005;137(2):229-34. 
62. Karliczek A, Benaron DA, Baas PC, Zeebregts CJ, Wiggers T, van Dam GM. 
Intraoperative assessment of microperfusion with visible light spectroscopy for prediction of 
anastomotic leakage in colorectal anastomoses. Colorectal Disease. 2010;12(10):1018-25. 
63. Myers C, Mutafyan G, Petersen R, Pryor A, Reynolds J, Demaria E. Real-time probe 
measurement of tissue oxygenation during gastrointestinal stapling: mucosal ischemia occurs 
and is not influenced by staple height. Surgical Endoscopy. 2009;23(10):2345-50. 
64. Servais EL, Rizk NP, Oliveira L, Rusch VW, Bikson M, Adusumilli PS. Real-time 
intraoperative detection of tissue hypoxia in gastrointestinal surgery by wireless pulse 
oximetry. Surgical Endoscopy. 2011;25(5):1383-9. 
65. Bellomi M, Petralia G, Sonzogni A, Zampino MG, Rocca A. CT perfusion for the 
monitoring of neoadjuvant chemotherapy and radiation therapy in rectal carcinoma: initial 
experience. Radiology. 2007;244(2):486-93. 
66. Jafari MD, Lee KH, Halabi WJ, Mills SD, Carmichael JC, Stamos MJ, et al. The use 
of indocyanine green fluorescence to assess anastomotic perfusion during robotic assisted 
laparoscopic rectal surgery. Surg Endosc. 2013;27(8):3003-8. 
67. Cahill RA, Ris F, Mortensen NJ. Near-infrared laparoscopy for real-time intra-
operative arterial and lymphatic perfusion imaging. Colorectal Disease. 2011;13:12-7. 
68. Fengler J. Near-infrared fluorescence laparoscopy- technical description of 
PINPOINT® a novel and commercially available system. Colorectal Disease. 2015;17:3-6. 
69. Ris F, Hompes R, Cunningham C, Lindsey I, Guy R, Jones O, et al. Near-infrared 
(NIR) perfusion angiography in minimally invasive colorectal surgery. Surgical Endoscopy. 
2014;28(7):2221-6. 
70. Cahill RA, NJ. M. Intraoperative augmented reality for laparoscopic colorectal 
surgery by intraoperative near-infrared fluorescence imaging and optical coherence 
tomography. Minerva Chir. 2011;65(4):451-62. 
71. Jafari MD, Wexner SD, Martz JE, McLemore EC, Margolin DA, Sherwinter DA, et 
al. Perfusion assessment in laparoscopic left-sided/anterior resection (PILLAR II): a multi-
institutional study. J Am Coll Surg. 2015;220(1):82-92.e1. 
72. Boni L, David G, Mangano A, Dionigi G, Rausei S, Spampatti S, et al. Clinical 
applications of indocyanine green (ICG) enhanced fluorescence in laparoscopic surgery. Surg 
Endosc. 2015;29(7):2046-55. 
73. Hellan M, Spinoglio G, Pigazzi A, Lagares-Garcia JA. The influence of fluorescence 
imaging on the location of bowel transection during robotic left-sided colorectal surgery. 
Surg Endosc. 2014;28(5):1695-702. 
74. ClinicalTrials.gov. Decreasing Leak Rate in Colorectal Surgery Using Near Infra-red 
(NIR) Imaging 2013 [04/04/2016]. Available from: 
https://clinicaltrials.gov/ct2/show/NCT02459405  
75. ClinicalTrials.gov. A Study Assessing Perfusion Outcomes With PINPOINT® Near 
Infrared Fluorescence Imaging in Low Anterior Resection (PILLAR III) 2015 [05/02/2016]. 
Available from: https://clinicaltrials.gov/ct2/show/NCT02205307. 
76. Shogan BD SD, Chritley S, Gilbert JA, Zaborina O, Alverdy JC. Intestinal 
anastomotic injury alters spatially defined microbiome composition and function. 
Microbiome. 2014;2:35. 
77. Shogan BD, Belogortseva N, Luong PM, Zaborin A, Lax S, Bethel C, et al. Collagen 
degradation and MMP9 activation by Enterococcus faecalis contribute to intestinal 
anastomotic leak. Science Translational Medicine. 2015;7(286):286ra68. 



A
c

c
e

p
te

d
 A

r
ti

c
le

This article is protected by copyright. All rights reserved. 

78. Young HL WM. Collagenase inhibition in the healing colon. J Roy Soc Med. 
1983;76:5. 
79. Young HL WM. Results of a prospective randomized double-blind trial of aprotinin 
in colonic surgery. World J Surg. 1984;8:8. 
80. Brook I WR, MacVittie TJ. Effect of antimicrobial therapy on bowel flora and 
bacterial infection in irradiated mice. Int J Rad Biol. 1988;53:8. 
81. Olivas AD, Shogan BD, Valuckaite V, Zaborin A, Belogortseva N, Musch M, et al. 
Intestinal tissues induce an SNP mutation in Pseudomonas aeruginosa that enhances its 
virulence: possible role in anastomotic leak. PLoS ONE [Electronic Resource]. 
2012;7(8):e44326. 
82. Kim YS, Hong CW, Kim BC, Han KS, Park JW, Seong Choi H, et al. Randomized 
clinical trial comparing reduced-volume oral picosulfate and a prepackaged low-residue diet 
with 4-liter PEG solution for bowel preparation. Dis Colon Rectum. 2014;57(4):522-8. 
83. Hookey LC, Depew WT, Vanner S. The safety profile of oral sodium phosphate for 
colonic cleansing before colonoscopy in adults. Gastrointestinal Endoscopy. 2005;56(6):895-
902. 
84. Bretagnol F, Panis Y, Rullier E, Rouanet P, Berdah S, Dousset B, et al. Rectal cancer 
surgery with or without bowel preparation: The French GRECCAR III multicenter single-
blinded randomized trial. Ann Surg. 2010;252(5):863-8. 
85. Shapira Z, Feldman L, Lavy R, Weissgarten J, Haitov Z, Halevy A. Bowel 
preparation: comparing metabolic and electrolyte changes when using sodium 
phosphate/polyethylene glycol. Int J Surg. 2010;8(5):356-8. 
86. Slim K, Vicaut E, Launay-Savary MV, Contant C, Chipponi J. Updated systematic 
review and meta-analysis of randomized clinical trials on the role of mechanical bowel 
preparation before colorectal surgery. Ann Surg. 2009;249(2):203-9. 
87. Guenaga KF, Matos D, Wille-Jorgensen P. Mechanical bowel preparation for elective 
colorectal surgery. Cochrane Database Syst Rev. 2011(9):Cd001544. 
88. van't Sant HP, Weidema WF, Hop WC, Lange JF, Contant CM. The influence of 
mechanical bowel preparation in elective lower colorectal surgery. Annals of Surgery. 
2010;252(3):575-6. 
89. Courtney DE, Kelly ME, Burke JP, Winter DC. Postoperative outcomes following 
mechanical bowel preparation before proctectomy: a meta-analysis. Colorectal Disease. 
2015;17(10):862-9. 
90. Pittet O, Nocito A, Balke H, Duvoisin C, Clavien PA, Demartines N, et al. Rectal 
enema is an alternative to full mechanical bowel preparation for primary rectal cancer 
surgery. Colorectal Dis. 2015;17(11):1007-10. 
91. Roos D, Dijksman LM, Tijssen JG, Gouma DJ, Gerhards MF, Oudemans-van 
Straaten HM. Systematic review of perioperative selective decontamination of the digestive 
tract in elective gastrointestinal surgery. British Journal of Surgery. 2013;100(12):1579-88. 
92. Fry DE. Colon preparation and surgical site infection. Am J Surg. 2011;202(2):225-
32. 
93. Scarborough JE, Mantyh CR, Sun Z, Migaly J. Combined Mechanical and Oral 
Antibiotic Bowel Preparation Reduces Incisional Surgical Site Infection and Anastomotic 
Leak Rates After Elective Colorectal Resection: An Analysis of Colectomy-Targeted ACS 
NSQIP. Ann Surg. 2015;262(2):331-7. 
94. Kiran RP, Murray AC, Chiuzan C, Estrada D, Forde K. Combined pre-operative 
mechanical bowel preparation with oral antibiotics significantly reduces surgical site 
infection, anastomotic leak, and ileus after colorectal surgery. Ann Surg. 2015;262(3):416-25; 
discussion 23-5. 



A
c

c
e

p
te

d
 A

r
ti

c
le

This article is protected by copyright. All rights reserved. 

95. Moghadamyeghaneh Z, Hanna MH, Carmichael JC, Mills SD, Pigazzi A, Nguyen 
NT, et al. Nationwide Analysis of Outcomes of Bowel Preparation in Colon Surgery. J Am 
Coll Surg. 2015;220(5):912-20. 
96. ClinicalTrials.gov. Does Administration of Antibiotics in Patients Undergoing 
Surgery for Colorectal Cancer Result in Less Complications and Better Prognosis? 
(SELECT) 2013 [05/02/2016]. Available from: 
https://clinicaltrials.gov/ct2/show/NCT01740947. 
97. den Dulk M NS, Hendriks ER, et al. Improved diagnosis and treatment of anastomotic 
leakage after colorectal surgery. Eur J Surg Oncol. 2009;35:7. 
98. Essani RB BR. Anastomotic leak in colorectal surgery: a review. Gastroenterol 
Polska. 2009;16:5. 
99. Shorthouse AJ BC, Eyers AA, Thompson JPS. The water soluble contrast enema after 
rectal anastomosis. Br j Surg. 1982;69:4. 
100. Akyol AM MJ, Galloway DJ, George WD. Early postoperative contrast radiology in 
the assessment of colorectal anastomotic integrity. Int J Colorectal Dis. 1992;7:3. 
101. Nesbakken A NK, Lunde OC, Blucher J, Gjertsen O, Dullerud R. Anastomotic leak 
following mesorectal excision for rectal cancer: true incidence and diagnostic challenges. 
Colorect Dis. 2005;7:5. 
102. Bertoni CB MM, Fleury AR, VanderMeer TJ, Skeist BP, Cagir B. Utility of pelvic 
CT with rectal contrast to identify pelvic abscess and anastomotic leaks. Gastroenterol. 
2009;136. 
103. Millan M, Garcia-Granero E, Flor B, Garcia-Botello S, Lledo S. Early prediction of 
anastomotic leak in colorectal cancer surgery by intramucosal pH. Dis Colon Rectum. 
2006;49(5):595-601. 
104. Ellebaek Pedersen M, Qvist N, Bisgaard C, Kelly U, Bernhard A, Moller Pedersen S. 
Peritoneal microdialysis. Early diagnosis of anastomotic leakage after low anterior resection 
for rectosigmoid cancer. Scand J Surg. 2009;98(3):148-54. 
105. Miller K, Arrer E, Leitner C. Early detection of anastomotic leaks after low anterior 
resection of the rectum. Dis Colon Rectum. 1996;39(10):1081-5. 
106. Junger W, Junger WG, Miller K, Bahrami S, Redl H, Schlag G, et al. Early detection 
of anastomotic leaks after colorectal surgery by measuring endotoxin in the drainage fluid. 
Hepatogastroenterology. 1996;43(12):1523-9. 
107. Fouda E, El Nakeeb A, Magdy A, Hammad EA, Othman G, Farid M. Early detection 
of anastomotic leakage after elective low anterior resection. J Gastrointest Surg. 
2011;15(1):137-44. 
108. DeArmond DT CA, Johnson SB. Anastomotic leak detection by electrolyte electrical 
resistance. J Invest Surg. 2010;23:12. 
109. Daams F, Wu Z, Lahaye MJ, Jeekel J, Lange JF. Prediction and diagnosis of 
colorectal anastomotic leakage: A systematic review of literature. World Journal of 
Gastrointestinal Surgery. 2014;6(2):14-26. 
110. Daams F, Slieker JC, Tedja A, Karsten TM, Lange JF. Treatment of colorectal 
anastomotic leakage: results of a questionnaire amongst members of the Dutch Society of 
Gastrointestinal Surgery. Dig Surg. 2012;29(6):516-21. 
111. Moghadamyeghaneh Z, Hanna MH, Alizadeh RF, Carmichael JC, Mills S, Pigazzi A, 
et al. Contemporary management of anastomotic leak after colon surgery: assessing the need 
for reoperation. The American Journal of Surgery. 2015. 
112. Rickert A, Willeke F, Kienle P, Post S. Management and outcome of anastomotic 
leakage after colonic surgery. Colorectal Dis. 2010;12(10):e216-23. 



A
c

c
e

p
te

d
 A

r
ti

c
le

This article is protected by copyright. All rights reserved. 

113. Weidenhagen R, Gruetzner KU, Wiecken T, Spelsberg F, Jauch K-W. Endoscopic 
vacuum-assisted closure of anastomotic leakage following anterior resection of the rectum: a 
new method. Surgical Endoscopy. 2008;22(8):1818-25. 
114. van Koperen PJ, van Berge Henegouwen MI, Rosman C, Bakker CM, Heres P, Slors 
JF, et al. The Dutch multicenter experience of the endo-sponge treatment for anastomotic 
leakage after colorectal surgery. Surg Endosc. 2009;23(6):1379-83. 
115. Weiland T, Fehlker M, Gottwald T, Schurr MO. Performance of the OTSC System in 
the endoscopic closure of iatrogenic gastrointestinal perforations: a systematic review. Surg 
Endosc. 2013;27(7):2258-74. 
 


