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Although surgeries involving anastomosis are relatively common, anastomotic leakages are potentially deadly

complications of colorectal surgeries due to increased risk of morbidity and mortality. As a result of the potentially fatal

effects of anastomotic leakages, a myriad of techniques and treatments have been developed to treat these unfortunate

cases.
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1. Introduction

Gastrointestinal surgery encompasses treatments for diseases of parts of the body involved in digestion, including the

mouth, esophagus, stomach, small and large intestines, liver, pancreas, gallbladder, and anus. However, given that a

large percentage of incidences of anastomotic leakage occurs in the area of the gastrointestinal tract involving the colon,

this entry focuses on colonic anastomotic leakage and treatments thereof . Many of the following treatments, however,

can also be applied to related regions of the system, such as the ileocolic and the rectum.

A colectomy, or a colon resection, is a surgical procedure to remove all or part of the large intestine to treat or prevent

diseases and conditions that affect the colon. These conditions may include cancer, bowel obstructions, diverticulitis, and

Crohn’s disease. In the past, open colectomy was considered to be the cornerstone operation, however, in recent years,

less invasive laparoscopic colectomy has become more popular . One of the deadliest complications of these surgeries

is anastomotic leakage (AL), a major cause of postoperative mortality and morbidity. Following operations involving

colonic resection, an artificial connection must be made through a procedure called anastomosis, which can lead to

anastomotic dehiscence or AL, which has been reported in the literature to occur with varying rates depending on the

type, technique, and site of surgery among others (Table 1). While, in historic studies, leak rates of up to 30% were

reported , more recent studies have suggested rates under 3% . Colonic anastomotic leak is defined as a “leak of

luminal contents from a surgical join between two hollow viscera” . In the case that the luminal contents were to leak out

into the abdominal area, patients could experience fever, abscess, septicemia, metabolic disturbances, or multiple organ

failure . This can increase the need for reoperation, risk of local recurrence, increase morbidity and mortality, and can

generally have a greater impact on the quality of life .

Table 1. Reported rates of anastomotic leakage of different studies.

Reported Leakage Rate Topic of Comparison or Study Year Published Reference

3.4–6% Clinical colorectal surgery 2004 Chambers et al. 

1–30% Anastomotic dehiscence 2009 Kingham et al. 

3–8% Large bowel resection, colorectal cancer, left colon 2012 Oprescu et al. 

2.5–12% Laparoscopic colorectal surgery 2010 Goriainov et al. 

2.7% Population-based, retrospective cohort study 2017 Nikolian et al. 

AL has been a continuous problem in intestinal surgery for over a century. Various surgical techniques and prevention

methods have been developed in the last few decades to contain these leakages . Unfortunately, it seems that AL will

continue to be a complication into the foreseeable future. There are several factors that describe an anastomosis. These

factors include the orientation of the bowel, which dictates whether the anastomosis is side to side, end to end, or end to

side; the technique used, which are handsewn and stapled; and the number the layers present, which is single or double

layers .
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Wound healing also plays a major role in a successful anastomosis. Therefore, AL is likely to occur when anastomotic

healing is disrupted, even if the surgical procedure was conducted without flaws. It should be noted that wound healing in

the gastrointestinal tract is different from that of cutaneous healing and is not yet fully understood . The bowel wall of

the colon consists of four layers, i.e., the mucosa, submucosa, muscularis propria, and serosa. Among these four layers,

the submucosa, consisting mainly of collagen and elastin fibers, has historically been the most important layer in wound

healing as it is the layer with the highest tensile strength. Within the first three to four days after gastrointestinal surgery,

fibroblasts from the submucosa become active and start to deposit collagen . After five days, the new tissue has

already gained the strength and resilience of surrounding healthy tissue. After approximately four weeks post-op, the

reorganization of collagen is almost finished, and the wound healing is about 90% complete. Therefore, the highest risk

for AL is during the first few days after surgery for healthy patients . However, the role of the other layers should

not be neglected, since they are also essential during the wound healing process. The serosa seems to be important in

providing a matrix for fibroblasts, while the interaction between bacteria, mucus, and the mucosal layer also seems

important to maintain homeostasis in which anastomotic healing can occur . The formation of granulation tissue is also

essential during normal wound healing, which includes fibrovascular tissue containing fibroblasts, collagen, and blood

vessels . Angiogenesis is crucial for the wound healing process because the wound needs to be supplied with oxygen,

nutrients, and immune cells. Additionally, wastes must be removed from the injury site. New blood vessels and capillaries

are usually formed within three days post-injury and ensure sufficient tissue perfusion. Additionally, capillary growth is

necessary to restore normal gut function, which includes the transport of nutrients from the mucosa into the bloodstream.

There are multiple risk factors that can potentially affect wound healing, such as age, smoking and alcohol abuse, and

even bacteria, such as E. faecalis, which has been shown to be associated with increased rates of AL and has been

shown to possibly be contained by poly-phosphorylated polymer ABA-PEG20k-Pi20 in recent studies .

2. Postoperative Management Techniques

2.1. Severity Grading of Leakage

A method of detecting the severity of AL is through leakage score. Symptoms such as fever, increased heart, and

respiratory rate, increased urinary production, and agitation or lethargy can be easily detected by the patient. Additionally,

a local physical examination can detect signs of ileus, gastric retention, and fecal dehiscence, which can further measure

the severity of AL . After a leakage score exam, the clinician may perform a radiological examination to locate and

detail the nature of the AL. The assessment of the severity of AL is important, as it determines the postoperative

management thereof, some of which are outlined in the following subchapters. To date, there are different scoring and

grading systems to either predict, diagnose, or grade the severity of AL . The colon leakage score (CLS), for example,

was developed to predict AL based on patient-related and intraoperative risk factors . In 2010, the International Study

Group of Rectal Cancer proposed a definition and grading system for AL classifying AL into Grade A, B, and C. Grade A

was defined as an asymptomatic leakage requiring no active therapeutic intervention . Grade B was defined as a

leakage that required active intervention without relaparotomy. Grade C was defined as a leakage that required

relaparotomy. Grade A AL does not require any change in patient management. Grade B AL is managed through non-

surgical intervention such as antibiotics and drainage. Grade C AL requires surgical intervention or the insertion of a stent.

 Surgical intervention still remains critical in the management of Grade C anastomotic leakage goal to washout the

colon and divert fecal matter .

2.2. Detection Techniques

Early diagnosis is critical to minimizing morbidity and mortality of AL. Currently, the most common methods for detecting

AL are radiological techniques such as computerized tomography (CT) scan and water-soluble contrast enema (WSCE).

However, the reliability of these methods depends on the location on the site of the anastomosis, the timing, and the

expertise of the clinician. WSCE has conflicting evidence of its effectiveness with some studies reporting 52.2% sensitivity

and a false-positive rate of 6.4%, while others have reported an 80% success rate as compared with the 14% detection

rate of CT scans . This difference was further widened in patients with a distal anastomotic leak, proving that WSCE

may be more reliable when diagnosing low AL. However, the CT scans have proven to be more detailed, which highlights

the importance of an experienced radiologist.

In recent years, biomarkers such as MMP-2/9 and acute-phase proteins, have gained attention and could develop into a

promising and more accurate way to detect AL. In one study, through measuring white cell count, C-reactive protein, and

procalcitonin, 95.4% of patients were correctly classified with a sensitivity of 90.9% and a specificity of 95.7% . In

another study with mice, MMP tracers were able to predict 71.4% of positive results and 66.6% of negative results .

However, the use of biomarkers will need further review and more rigorous testing.
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2.3. Proximal Diverting Stoma

Proximal diversion is an operation to temporarily divert fecal matter to protect colonic anastomoses from pelvic sepsis or

systemic illness. Although it does not prevent anastomotic leakage, it has been shown to mitigate the consequences of

anastomotic leakage rate reducing the need for reoperation . However, there are also several significant

drawbacks to fecal diversion. Patients are subject to additional operations and may develop small bowel obstructions and

acute kidney injury due to high stoma output, or a parastomal hernia. A study by Lightner et al. reviewed the role of

temporary fecal diversion and concluded that diverting the stoma was significantly beneficial in patients undergoing low

anterior resection, coloanal anastomosis, and ileal pouch-anal anastomosis. The authors also highlighted the importance

of diverting stoma in immunosuppressed patients, since they are at the highest risk of anastomotic leakage. Despite many

benefits arising from diverting fecal matter, it is very important that the surgeon weighs the risks and advantages of

constructing a stoma .

2.4. Draining

The evidence regarding the effectiveness of draining is inconsistent. In a study done by Zhao et al., trans anal draining

proved to be promising with draining by reducing AL rates from 7.8% to 2.5% . However, due to having very few cases

with about 80 participants in each group and less than 10 people developing AL or bleeding, the difference was not

statistically significant. In a meta-analysis done over eleven random controlled trials including 1803 patients, prophylactic

drainage proved to be ineffective. However, some surgeons use drainage to guide exudation to flow out of the abdominal

cavity to prevent anastomotic dehiscence. Nevertheless, only one of 20 clinical prophylactic drainage cases were effective

in preventing and detecting AL and only lured surgeons into a false sense of security .

2.5. Antibiotics

Antibiotics are commonly used as the first line of treatment and can be used in combination with draining or reoperation.

Treatments usually consist of a broad-spectrum antibiotic with Gram-negative and anaerobic bacteria coverage .

Because of increasing multidrug-resistant organisms, such as Pseudomonas and Enterbacteriacea, multidrug

combination therapies are becoming increasingly necessitated . In general, abscesses less than 3 cm in size can be

managed with antibiotics alone if the patient is stable .

2.6. Exclusion of Perioperative Non-Steroidal Anti-Inflammatory Drugs (NSAIDS)

There is growing evidence that non-steroidal anti-inflammatory drugs (NSAIDs) should be used with caution in the

postoperative period. A meta-analysis has demonstrated that non-selective NSAIDs were associated with an increased

risk of AL. In recent years, a retrospective cohort study of over 13,000 bariatric and colorectal operations has shown a

24% increase in the risk of AL associated with NSAID use. This association is attributable to nonelective colorectal

operations where the leak rate was 12.3% in the NSAID group and 8.3% in the non-NSAID group .

While some studies have shown that there was an association between increased leakage rates and NSAIDs, there are

also studies that have concluded that there was a correlation . Furthermore, according to a meta-analysis of NSAIDs

and AL, the researchers found that the data from clinical findings were flawed and could be describing pre-existing bias

. However, there is still concern regarding NSAID usage and AL.

2.7. Stenting

In recent years, endoscopic self-expanding metal stents (SEMS) have become widely used for colorectal surgical

complications with a reported success rate of around 80–85%, according to systematic reviews. Stents vary in their

silicone coverage, from uncovered to partial coverage to full coverage, and in material, either metal or biodegradable.

Despite their reported success, some complications may arise due to the use to SEMS to treat AL, including stent

migration, perforation, and hemorrhages. While promising, the use of stents is still under review as migrations of the

stents is a common problem throughout many studies and operations .

2.8. Vacuum Therapy

Vacuum-assisted wound closure (VAC) therapy or endoscopic placed negative pressure therapy has been shown to be

very promising in treating AL. It promotes the healing of wounds by enhancing the formation of granulation tissue,

reducing oedema, increasing vascularity, and decreasing bacterial colonization . In a study by Weidenhagen et al.,

29 out of 34 patients with AL following resection reported successful treatments with VAC therapy . Kuehn et al. also

reported a success rate of 88% out of 41 patients .

[27][28][29]

[29]

[30]

[31]

[23]

[32][33]

[34]

[35][36]

[37]

[38]

[39][40]

[23][39]

[41]

[42]



References

1. Phillips, B.R. Reducing gastrointestinal anastomotic leak rates: Review of challenges and solutions. Open Access Surg.
2016, 9, 5.

2. Ahad, S.; Figueredo, E.J. Laparoscopic Colectomy. Medscape Gen. Med. 2007, 9, 37.

3. Kingham, T.P.; Pachter, H.L. Colonic anastomotic leak: Risk factors, diagnosis, and treatment. J. Am. Coll. Surg. 2009,
208, 269–278.

4. Nikolian, V.C.; Kamdar, N.S.; Regenbogen, S.E.; Morris, A.M.; Byrn, J.C.; Suwanabol, P.A.; Campbell, D.A.; Hendren,
S. Anastomotic leak after colorectal resection: A population-based study of risk factors and hospital variation. Surgery
2017, 161, 1619–1627.

5. Ellis, B.W.; Giles, J.A.; Hargreave, T.B.; Hughes, S.P.F.; Jones, D.; Karran Percival, S.A.; Ridgway, G.L.; Strachan,
C.J.L.; Taylor, T.V. Proposed definitions for the audit of postoperative infection: A discussion paper. Ann. R. Coll. Surg.
Engl. 1991, 74, 151.

6. Mirnezami, A.H.; Mirnezami, R.; Chandrakumaran, K.; Sasapu, K.; Sagar, P.; Finan, P. Increased local recurrence and
reduced survival from colorectal cancer following anastomotic leak. Ann. Surg. 2011, 253, 890–899.

7. Jannasch, O.; Klinge, T.; Otto, R.; Chiapponi, C.; Udelnow, A.; Lippert, H.; Bruns, C.J.; Mroczkowski, P. Risk factors,
short and long term outcome of anastomotic leaks in rectal cancer. Oncotarget 2015, 6, 36884–36893.

8. Chambers, W.M.; Cook, T.A. Postoperative leakage and abscess formation after colorectal surgery. Best Pr. Res. Clin.
Gastroenterol. 2004, 18, 865–880.

9. Oprescu, C.; Beuran, M.; Nicolau, A.E.; Negoi, I.; Venter, M.D.; Morteanu, S.; Oprescu-Macovei, A.M. Anastomotic
dehiscence (AD) in colorectal cancer surgery: Mechanical anastomosis versus manual anastomosis. J. Med. Life 2012,
5, 444–451.

10. Goriainov, V.; Miles, A.J. Anastomotic leak rate and outcome for laparoscopic intra-corporeal stapled anastomosis. J.
Minimal Access Surg. 2010, 6, 6–10.

11. Goulder, F. Bowel anastomoses: The theory, the practice and the evidence base. World J. Gastrointest. Surg. 2012, 4,
208–213.

12. Bosmans, J.W.A.M.; Jongen, A.C.H.M.; Bouvy, N.D.; Derikx, J. Colorectal anastomotic healing: Why the biological
processes that lead to anastomotic leakage should be revealed prior to conducting intervention studies. BMC
Gastroenterol. 2015, 15, 1–6.

13. Ho, Y.H.; Ashour, M.A.T. Techniques for colorectal anastomosis. World J. Gastroenterol. 2010, 16, 1610.

14. Lundy, J.B. A Primer on wound healing in colorectal surgery in the age of bioprosthetic materials. Clin. Colon Rectal
Surg. 2014, 27, 125–133.

15. Bao, P.; Kodra, A.; Tomic-Canic, M.; Golinko, M.S.; Ehrlich, H.P.; Brem, H. The Role of Vascular Endothelial Growth
Factor in Wound Healing. J. Surg. Res. 2009, 153, 347–358.

16. Wiegerinck, M.; Hyoju, S.K.; Mao, J.; Zaborin, A.; Adriaansens, C.; Salzman, E.; Hyman, N.H.; Zaborina, O.; Van Goor,
H.; Alverdy, J.C. Novel de novo synthesized phosphate carrier compound ABA-PEG20k-Pi20 suppresses collagenase
production in Enterococcus faecalis and prevents colonic anastomotic leak in an experimental model. Br. J. Surg. 2018,
105, 1368–1376.

17. Belmouhand, M.; Krohn, P.S.; Svendsen, L.B.; Henriksen, A.; Hansen, C.P.; Achiam, M.P. The occurrence of
Enterococcus faecium and faecalis is significantly associated with anastomotic leakage after
pancreaticoduodenectomy. Scand. J. Surg. 2017, 107, 107–113.

18. Dulk, M.D.; Noter, S.; Hendriks, E.; Brouwers, M.; Van Der Vlies, C.; Oostenbroek, R.; Menon, A.; Steup, W.H.; Van De
Velde, C. Improved diagnosis and treatment of anastomotic leakage after colorectal surgery. Eur. J. Surg. Oncol. 2009,
35, 420–426.

19. McDermott, F.D.; Heeney, A.; Kelly, M.E.; Steele, R.J.; Carlson, G.L.; Winter, D.C. Systematic review of preoperative,
intraoperative and postoperative risk factors for colorectal anastomotic leaks. Br. J. Surg. 2015, 102, 462–479.

20. Dekker, J.W.T.; Liefers, G.J.; Otterloo, J.C.D.M.V.; Putter, H.; Tollenaar, R.A. Predicting the risk of anastomotic leakage
in left-sided colorectal surgery using a colon leakage score. J. Surg. Res. 2011, 166, e27–e34.

21. Rahbari, N.N.; Weitz, J.; Hohenberger, W.; Heald, R.J.; Moran, B.; Ulrich, A.; Holm, T.; Wong, W.D.; Tiret, E.; Moriya, Y.;
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, 339–351.



22. Cong, Z.-J.; Hu, L.-H.; Bian, Z.-Q.; Ye, G.-Y.; Yu, M.-H.; Gao, Y.-H.; Li, Z.-S.; Yu, E.-D.; Zhong, M. Systematic review of
anastomotic leakage rate according to an international grading system following anterior resection for rectal cancer.
PLoS ONE 2013, 8, e75519.

23. Thomas, M.S.; Margolin, D.A. Management of colorectal anastomotic leak. Clin. Colon Rectal Surg. 2016, 29, 138–
144.

24. Hirst, N.A.; Tiernan, J.P.; Millner, P.A.; Jayne, D.G. Systematic review of methods to predict and detect anastomotic
leakage in colorectal surgery. Color. Dis. 2014, 16, 95–109.

25. Smith, S.; Pockney, P.; Holmes, R.; Doig, F.; Attia, J.R.; Holliday, E.; Carroll, R.; Draganic, B. Biomarkers and
anastomotic leakage in colorectal surgery: C-reactive protein trajectory is the gold standard. ANZ J. Surg. 2018, 88,
440–444.

26. Neumann, P.-A.; Twardy, V.; Becker, F.; Geyer, C.; Schwegmann, K.; Mohr, A.; Faust, A.; Lenz, P.; Rijcken, E.
Assessment of MMP-2/-9 expression by fluorescence endoscopy for evaluation of anastomotic healing in a murine
model of anastomotic leakage. PLoS ONE 2018, 13, e0194249.

27. Frouws, M.A.; Snijders, H.S.; Malm, S.H.; Liefers, G.J.; Van De Velde, C.J.H.; Neijenhuis, P.A.; Kroon, H.M. Clinical
relevance of a grading system for anastomotic leakage after low anterior resection: Analysis from a national cohort
database. Dis. Colon Rectum 2017, 60, 706–713.

28. Shiomi, A.; Ito, M.; Maeda, K.; Kinugasa, Y.; Ota, M.; Yamaue, H.; Shiozawa, M.; Horie, H.; Kuriu, Y.; Saito, N. 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, 186–194.

29. Lightner, A.L.; Pemberton, J.H. The role of temporary fecal diversion. Clin. Colon Rectal Surg. 2017, 30, 178–183.

30. Zhao, W.-T.; Hu, F.-L.; Li, Y.-Y.; Li, H.-J.; Luo, W.-M.; Sun, F. Use of a Transanal drainage tube for prevention of
anastomotic leakage and bleeding after anterior resection for rectal cancer. World J. Surg. 2013, 37, 227–232.

31. Zhang, H.-Y.; Zhao, C.; Xie, J.; Ye, Y.-W.; Sun, J.-F.; Ding, Z.-H.; Xu, H.-N.; Ding, L. To drain or not to drain in colorectal
anastomosis: A meta-analysis. Int. J. Color. Dis. 2016, 31, 951–960.

32. Augustin, P.; Kermarrec, N.; Muller-Serieys, C.; Lasocki, S.; Chosidow, D.; Marmuse, J.-P.; Valin, N.; Desmonts, J.-M.;
Montravers, P. Risk factors for multidrug resistant bacteria and optimization of empirical antibiotic therapy in
postoperative peritonitis. Crit. Care 2010, 14, R20.

33. Guidelines for management of intra- abdominal infections. Inpharma Wkly. 1992, 833, 12.

34. Elagili, F.; Stocchi, L.; Ozuner, G.; Dietz, D.W.; Kiran, R.P. Outcomes of percutaneous drainage without surgery for
patients with diverticular abscess. Dis. Colon Rectum 2014, 57, 331–336.

35. McDermott, F.; Arora, S.; Smith, J.; Steele, R.; Carlson, G.; Winter, D. Prevention, Diagnosis and Management of
Colorectal Anastomotic Leakage; Issues in Professional Practice; Association of Surgeons of Great Britain and Ireland,
Lincoln’s Inn Fields: London, UK, 2016; Available online:
https://www.acpgbi.org.uk/content/uploads/2016/03/management-of-colorectal-anastomtic-leakage.pdf (accessed on
14 December 2020).

36. Hakkarainen, T.W.; Steele, S.R.; Bastaworous, A.; Dellinger, E.P.; Farrokhi, E.; Farjah, F.; Florence, M.; Helton, S.;
Horton, M.; Pietro, M.; et al. Nonsteroidal anti-inflammatory drugs and the risk for anastomotic failure. JAMA Surg.
2015, 150.

37. Saleh, F.; Jackson, T.D.; Ambrosini, L.; Gnanasegaram, J.J.; Kwong, J.; Quereshy, F.; Okrainec, A. perioperative
nonselective non-steroidal anti-inflammatory drugs are not associated with anastomotic leakage after colorectal
surgery. J. Gastrointest. Surg. 2014, 18, 1398–1404.

38. Bhangu, A.; Singh, P.; Fitzgerald, J.E.; Slesser, A.; Tekkis, P. Postoperative nonsteroidal anti-inflammatory drugs and
risk of anastomotic leak: Meta-analysis of clinical and experimental studies. World J. Surg. 2014, 38, 2247–2257.

39. Clifford, R.E.; Fowler, H.; Govindarajah, N.; Vimalachandran, D.; Sutton, P.A. Early anastomotic complications in
colorectal surgery: A systematic review of techniques for endoscopic salvage. Surg. Endosc. 2019, 33, 1049–1065.

40. Gürbulak, E.K.; Akgün, I.E.; Öz, A.; Ömeroğlu, S.; Battal, M.; Celayir, F.; Mihmanlı, M. Minimal invasive management of
anastomosis leakage after colon resection. Case Rep. Med. 2015, 2015, 1–4.

41. Weidenhagen, R.; Gruetzner, K.U.; Wiecken, T.; Spelsberg, F.; Jauch, K.-W. Endoluminal vacuum therapy for the
treatment of anastomotic leakage after anterior rectal resection. Perspect. Surg. 2008, 87, 397–402.

42. Kuehn, F.; Janisch, F.; Schwandner, F.; Alsfasser, G.; Schiffmann, L.; Gock, M.; Klar, E. Endoscopic vacuum therapy in
colorectal surgery. J. Gastrointest. Surg. 2016, 20, 328–334.



Retrieved from https://encyclopedia.pub/entry/history/show/14497


