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Anastomotic leakage is a major complication in gastrointestinal and colorectal surgery and its occurrence increases morbidity and mortality. Its incidence is even higher in Crohn’s disease surgeries. Several authors have identified factors involved in the pathophysiology of anastomotic leak in the literature, aiming to reduce its occurrence and, therefore, improve its surgical treatment. Surgical technique is the most discussed topic in studies on guiding the performance of side-to-side stapled anastomosis. Preoperative nutritional therapy also has been shown to reduce the risk of anastomotic leakage. Other factors remain controversial – immunomodulator use and biologic therapy, antibiotics, and gut microbiota – with studies showing a reduction in the risk of complication while other studies show no correlation. Although mesenteric adipose tissue has been related to disease recurrence, there is no evidence in the literature that it is related to a higher risk of anastomotic leakage. Further exploration on this topic is necessary, including prospective research, to support the development of techniques to prevent anastomotic leakage, in this way benefiting the inflammatory bowel disease patients who have to undergo a surgical procedure.
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INTRODUCTION

The inflammatory bowel disease (IBD) therapeutic arsenal has broadened in the last decades due to pharmacological advances and the development of new drugs (1). Nevertheless a considerable percentage of patients need to undergo surgical treatment one or more times during their lifetime. From 50 to 90% of Crohn’s disease (CD) patients, will require some type of surgical procedure along with medical follow-up and treatment period (2–4). The need to perform a surgical procedure is about 4 times lower (approximately 18%) among patients diagnosed with ulcerative colitis (UC) (2). And yet, the performance of surgical propaedeutic requires the implementation of procedures with greater invasiveness and risk to the patients.

Implementation of surgical treatment incurs the risk of occurrence of postoperative inherent complications, including hemorrhage, intraperitoneal collection, wound infection and dehiscence, fistulas, pulmonary complications, and thromboembolic events. Among those complications, anastomotic leakage (AL) is a major complication in gastrointestinal and colorectal surgery and its occurrence contributes significantly to the increase in morbidity and mortality (5).

The pathophysiology of CD involves the occurrence of acute complications (e.g., bleeding, bowel obstruction, perforations; severe acute colitis) and chronic complications (e.g., strictures and stenosis, internal or external fistulas, adhesions, abdominal masses) as well as disease forms refractory to pharmacological therapy. Intestinal or colon resection is the required basis of surgery in CD and the consequent need to perform an anastomosis is a common fact during surgery. Anastomosis and reoperation are intrinsically related. The realization of an anastomosis increases the risk for urgent reintervention due to AL and in long term, postoperative recurrence typically occurs at the anastomotic site (3).

The surgically related incidence of anastomotic dehiscence in the literature varies widely. In a recent observational study involving more than 36.000 subjects who submitted to surgery due to colorectal carcinoma, AL incidence was 4.1% (6). Its incidence is even higher in CD surgeries. Recent studies enrolling CD patients showed AL occurrence in 6.4% up to 14% of patients submitted to surgical treatment (7–9). Therefore, surgeons are in constant pursuit of practices to prevent AL, in this way benefiting IBD patients who have to undergo a surgical procedure.

Mesenteric adipose tissue (MAT) and its mediators are increasingly more implicated in CD pathogenesis. Recent accumulating evidence also highlights the role of creeping fat in contributing to disease recurrence, to the point that it has become a well-known feature of CD (10, 11).

There is ample work in the literature concerning the healing process of anastomosis and AL after colorectal surgery in the context of neoplastic disease. However, the information on IBD and specifically in CD surgical treatment is sparse. This article aims to discuss and summarize the main topics present in the literature and identify potential areas for future research on the subject.

Despite recent advances in gastrointestinal/colorectal surgical technique and perioperative care, anastomotic healing is still a matter of concern in CD patients submitted to surgical treatment and AL remains a major complication. Its etiology is not yet completely understood. However, it is multifactorial and not only influenced by surgery-related factors but also by factors related to the disease and its behavior.



SURGICAL TECHNIQUE

The decision concerning anastomotic configuration depends on the surgical team’s preference, the surgeon’s experience, the availability of surgical materials (for example staplers and surgical threads), and the financial reality of each hospital.

Historically, hand-sewn anastomosis was the most common, and these produced variations related to the surgical thread and the type of stitches used. With the development and wide use of various types of staplers, even more, possible variations were added to this debate.

Side-to-side stapled anastomosis significantly reduces the incidence of short-term complications in surgical patients with CD when compared to end-to-end anastomosis (OR 0.54; 95% CI, 0.34 to 0.83). Specifically for the AL rate, side-to-side stapled anastomosis determines a decrease from 14.1 to 2% (95 percent confidence interval 1.7–22.2; p = 0.02). A reduction in mean postoperative hospital stays from 12.3 to 9.7 days (p = 0.03) was also observed (9, 12) (Figure 1A).
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FIGURE 1 | Aspects of an anastomosis followed by an enterectomy for Crohn’s disease (CD). (A) Surgical aspect of the ileum affected by CD. (B) Surgical specimen showing a longitudinal deep ulcer in the inflamed intestinal mucosa by the disease. (C) Side-to-side anastomosis. Source of the photographs: Colorectal Surgery Unit, Unicamp.


The technique chosen must consider the location of anastomotic performance (accessibility), the caliber of the intestinal segments (presence of edema may influence), surgical contamination, and the progress of the disease. According to the ECCO Consensus, the anastomotic diameter is an important discrimination factor that must be considered (13). Some authors suggest that for resections performed in the ileum, side-to-side anastomoses are indicated, in order to have a wider anastomotic lumen, while end-to-end anastomoses are performed in colonic segments, which have a larger caliber (14).

Due to the high recurrence rate characteristics of CD pathophysiology, repeat surgery is often required. In this sense, performing surgical procedures in CD patients with previous intestinal resection (reoperation) is an independent risk factor for AL and the number of previous resections is correlated with increased risk (8) (Figure 1B).

Recently, the laparoscopic approach has become more frequent and has become the standard of care in most situations. Robotic-assisted surgery also has been gaining acceptance in colorectal benignant and malignant surgery with intracorporeal anastomosis. Evidence on digital and robotic platform surgery applied to CD is scarce and recent, so it is still liable to selection bias. However, it seems to point to a lower occurrence of AL in patients undergoing robotic surgery (15). It has also already been verified that CD patients seem to be the most technically difficult group to apply the robotics procedures (16, 17). Despite the numerous benefits of these less invasive approaches, complications associated with stapled tissue continue to be a concern.



TIMING OF SURGERY

Considering that most CD patients will require surgical treatment over time (2–4), it becomes a persistent and recurrent dilemma in the daily practice of the surgeon: the decision between indicating an early surgery (incurring all the risks related to the surgical intervention) or continuing to try clinical treatments (at the risk of having to approach the patient later with an even more deteriorated clinical condition).

The literature is controversial regarding the optimal timing of surgery. Even the period that is taken into account to define a surgical intervention as early is inconstant, varying from 6 to 18 months after CD diagnosis (18, 19). Earlier surgical approaches would be related to the performance of technically easier procedures, smaller resections and consequently lower postoperative complications.

In a study performed by An et al., 31.3% of patients who were initially treated with drugs for ileocolonic CD required surgery within 5 years. In addition, patients in this cohort who underwent early surgery demonstrated a more benign course of the disease with fewer future surgical interventions and fewer hospitalizations (18). A prospective randomized controlled trial enrolling 134 localized ileocecal CD patients, demonstrated that both early and delayed resections are comparable in terms of their influence on the quality of life and that early resection is more cost-effective and associated with lower clinical recurrence (20).

Reliable predictors for the need for surgical interventions are yet to be established, to assist the surgical decision-making and individualize the treatment for each patient. Despite all the data that elucidate the advantages of performing early surgical interventions, the well-being of the patient should also be considered, especially in terms of the psychological aspects, such as anxiety, and also the consequences of surgeries such as the performance of stomas, the peri and postoperative risks, in addition to the possibility of CD recurrence even after surgical resection (21). Post-surgical complications such as infections, bleeding, anastomotic leakage, and mortality are questions that must be considered before choosing the intervention, in addition to factors such as the technical skills of the surgeons who will perform it. The final decision on the ideal moment of surgical therapy must be individualized for each patient, considering the characteristics of the disease, such as its phenotype, the risk factors involved in the process, and the patient’s opinion regarding the procedure (22).



MEDICATIONS

The indication of surgical treatment for CD patients may occur in one of two different settings: emergent operations due to acute decompensating or life-threatening events in patients without a previous diagnosis, or elective operations which are indicated due to failure of clinical treatment. This distinction is relevant because in the latter situation, patients are in use of one or more drugs and it may influence the anastomotic healing process.

Conventional treatment has evolved to induce and maintain remission, thus avoiding complications, such as the need for surgical interventions. If this objective is not achieved, and the patient has to undergo surgical procedures, an evaluation of preoperative, perioperative, and postoperative medication uses is needed, and their implications for an increased risk of postoperative complications must be considered (23, 24).

Corticosteroids are anti-inflammatory drugs and have been widely used in the treatment of CD since 1950. Their use is only indicated for induction and not for maintenance of remission (25–28). However, they can have a negative influence, generating surgical complications and ineffective healing (29, 30). For elective surgeries, there is still no consensus regarding the recommendation to reduce the doses of corticosteroids before surgery, and in the studies that recommend doses reduction the preoperative interval varies from 3 to 6 weeks (13, 23, 31, 32).

Immunomodulators have been widely used for maintenance of remission or in conjunction with biological therapy to decrease surgical needs in CD patients. To date, studies have shown that its use does not adversely affect postoperative results (33, 34). Therefore, it is recommended to discontinue thiopurines on the day of surgery and reintroduce them along with all oral medications, if renal function remains normal. Methotrexate can be maintained pre-and post-operatively when the patient does not have an infection or renal failure (23, 35).

Biological medications, used in the treatment of various immune-mediated disorders, have revolutionized the treatment of CD. These medications are effective in containing inflammation and mucosal healing and reducing hospitalization and surgery rates (36–38). Despite the benefits established in the literature, this therapy has already been shown to be associated with an increased risk of postoperative septic complications in traditional abdominal surgeries for CD. Therefore, it is, recommended for elective surgeries to respect the longest possible interval between doses (e.g., 4 weeks for infliximab and a minimum of 2 weeks for adalimumab) (23, 39). Reintroduction is recommended approximately 3–4 weeks after definitive healing of the anastomosis (13).

Figure 2 summarizes the recommended management of immunosuppressors and biological therapy in CD patients who undergo abdominal surgery.
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FIGURE 2 | Check-list to guide surgeons to avoid complications in Crohn’s disease abdominal surgeries that require intestinal resection and anastomosis.




NUTRITIONAL ASPECTS

Aiming to reduce postoperative complications, surgeons have been making efforts to act beyond the surgical technique itself and control multidisciplinary perioperative issues to obtain better surgical results. In this sense, there is evidence that perioperative nutritional aspects are an important predictor of risks and complications (40).

Preoperative nutritional status is directly related to anastomotic healing since malnutrition directly interferes with collagen synthesis and fibroblast proliferation (40). Impaired preoperative nutritional status defined as anemia (hemoglobin ≤10.0 g/dL), or hypoproteinemia (albumin ≤3.2 g/dL) is significantly associated with complications (41). Preoperative hypoalbuminemia is an independent risk factor for intraabdominal septic complications after ileocolic resection (42, 43). These changes in perioperative albumin levels may reflect the severity of systemic inflammation, protein-losing enterocolopathy, malnutrition, or concurrent liver dysfunction (42).

In the postoperative period, malnutrition characterized by hypoalbuminemia can be a tool to identify patients at high risk of AL. Mean serum albumin levels on postoperative days 1 and 3 are significantly lower in patients that will present AL (44).

Even so, hypoalbuminemia is not a direct marker of preoperative nutritional status, nor is it the only biomarker that can be used for this purpose (42, 45). Several blood biomarkers, in addition to albumin, can be useful biochemical indicators to characterize malnutrition, even in the presence of chronic inflammation (e.g., pre-albumin, hemoglobin, total cholesterol, and total protein) (45). When malnutrition is detected in preoperative patients, nutritional optimization by enteral nutrition (EN) or total parenteral nutrition (TPN) is necessary to improve the surgical results reducing the overall rate of postoperative complications including AL (46). Nonetheless, further studies are needed to evaluate the best malnutrition biomarkers directly related to AL occurrence in CD surgeries.

The use of nutritional therapy (NT) has shown promise in modulating the inflammation in CD patients who required surgical resection, whether in exclusive or partial use (47, 48). Guo et al. evaluated the use of NT using exclusive EN with a polymeric formula that was infused continuously through a nasogastric tube (40). Two weeks of preoperative EN significantly increases albumin level, decreases C reactive protein, and also decreases AL incidence (48). Nutritional therapy in CD can reduce inflammation of intestinal and mesenteric fat, by reducing the expression of pro-inflammatory cytokines such as IL-1beta, IL-6, TNF-alpha, and leptin and increasing anti-inflammatory cytokines such as adiponectin (46, 49). This anti-inflammatory effect also may be able to improve wound healing ability (48).

The European Society for Parenteral and Enteral Nutrition has published guidelines addressing preoperative nutrition on IBD. Patients with severe nutritional risk (weight loss >10%–15% within six months; BMI <18.5 kg/m2; serum albumin <3.0 g/dL with no evidence of liver or kidney dysfunction) should have surgery delayed for 7–14 days whenever possible (50). This period needs to be used for EN supplementation, and if there are any contraindications such as intestinal obstructions or ileum or high output fistulas, TPN should be indicated (51, 52). Although it does not specifically address only AL, a recent and comprehensive meta-analysis enrolling 1111 CD patients showed that preoperative nutritional supplementation through the use of EN is a positive prognostic factor and significantly reduced the overall rate of postoperative complications from 73.2% to 21.9% (OR = 0.09, 95% CI, 0.06–0.13, p < 0.001), when compared to the group that received standard nutritional care. However, a consensus about differences in specific nutrition formulations and the duration of enteral nutrition is yet to be achieved (52). Although the use of TPN did not reach statistical significance, it pointed to a trend in reducing postoperative complications.

Figure 2 also summarizes the recommended management of nutrition in CD patients who undergo abdominal surgery (Figure 3).
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FIGURE 3 | Factors that may influence the effective healing of anastomosis. Several factors may act directly on the correct healing of anastomoses, such as nutritional factors, intestinal microbiota, medications, and the tissues nearby the intestinal affected area such as the mesenteric adipose tissue. Created with BioRender.com.




GUT MICROBIOTA

Gut microbiota has gained extensive importance in IBD pathophysiology and, thus, intraluminal microbes may also interact and have a significant influence on the anastomotic healing and consequently the risk of AL occurrence. An impaired permeable intestinal barrier can lead to exposure of the microbiota and its metabolites to various components, therefore becoming triggers for changes in physiology and the immune responses (53, 54).

Dysbiosis, a loss of balance of the intestinal microbiota, is associated with several diseases, including CD, presenting an increase in the number of pathogenic bacteria and reducing the proportion of the beneficial ones (55, 56). Thereby, CD patients have a reduction in bacteria of the genus Firmicutes (57), and an increase in specimens of the Enterobacteriaceae family (58) in their stool, when compared with healthy individuals.

Several studies have shown a relationship between intestinal microbiota and the healing process of anastomoses. In addition, external environmental factors such as comorbidities and surgeries directly impact the microbiota, being able to select and boost colonization by species considered more aggressive (59, 60). One of the products derived from the metabolism of intestinal bacteria is butyrate, a short-chain fatty acid, which acts as a source of energy for epithelial cells while decreasing their permeability and increasing the stiffness of junctions. In experimental studies, oral and rectal administration of butyrate during the perioperative period of intestinal resection demonstrated that the performed anastomoses were firmer (61). Similarly, it was demonstrated that the oral use of pectin in the rat model led to an increase in the production of short-chain fatty acid, thus contributing to accelerating the healing of the performed anastomoses (62). Although dietary factors are implicated in CD pathophysiology, the effects of dietary interventions based on fiber substrates with pectin supplementation are uncertain (63, 64).

Studies were also performed in humans to analyze the direct influence of the microbiota on the anastomoses. Comparing the microbiota of patients who had AL with that of patients whose anastomoses healed with no sign of leakage, it has been shown that patients with AL had lower microbial diversity and abundance in the Lachnospiraceae and Bacteroidaceae families, which may be directly related to AL due to its association with mucin-degrading bacteria (65).

Despite the availability of several approaches to modulation of gut microbiota for therapeutic benefit in CD patients (e.g., removal with antibiotics, replacement and reset with specific or multiple-bacteria probiotics), results to date have not found consistent evidence for the effectiveness of probiotics in these patients for the prevention of postoperative complications. Although it has been demonstrated that probiotics improve the bacterial variety, decrease the growth of pathogenic bacteria, and enhance the intestinal barrier, a detailed study demonstrating its benefit in clinical practice still lacking (66).



MESENTERIC ADIPOSE TISSUE

In recent years, MAT has gained increasing importance in the research of CD pathophysiology. Starting from the initial observation that chronic CD patients with transmural inflammation have MAT increasing nearby the affected intestinal area, alterations were found among the numerous functions of this tissue. It at least partially justifies the variations, the severity and contributes to the understanding of the disease.

Given the numerous mesentery intraoperative features found by surgeons (e.g., signs of inflammation, mesenteric thickening, edema extending circumferentially, presence of granulomata, increased mesenteric lymphatic vessel and lymph nodes density), it was postulated that inflammatory activity would result of the convergence of inflammatory inputs coming from both the submucosa and the mesentery. As a consequence, new mesenteric excision-based surgical strategies were formulated aiming to improve postoperative outcomes (67, 68).

Results from an international, multicenter, randomized controlled trial protocol comparing mesenteric excision or conservative limited resection in small intestine CD surgery, suggest that the inclusion of the mesentery during bowel resection improves the natural history of postoperative clinical and surgical recurrence of CD (11). Similarly, in another study, the mesentery resection technique was an independent determinant of postoperative recurrence rate in ileocolic resection for CD and the adoption of mesentery resection reduced the reoperation rate from 40% to 2.9% (69). Although mesenteric excision in CD may reduce postoperative disease recurrence, there is no robust data about the occurrence of morbidities, such as AL in cases that would require a larger resection of this tissue.

The extension of mesenteric resection has been evaluated to determine the effects of a more extensive or limited excision on early postsurgical outcomes. Available data until now shows that extensive mesenteric resection is associated with a longer postoperative recurrence-free survival time (70). The involvement of MAT in CD is a fact. However, remains uncertain adequate excision extension and is still to be determined effects of MAT resection on the early postoperative period and AL rates.

A configuration of antimesenteric hand-sewn functional end-to-end anastomosis nominated “Kono-S” has been developed in 2003, based on cautious mesenteric excision, a stabilizing structure, and a wide anastomotic lumen. Since its introduction in Japan, its performance has spread around the world with cumulative evidence of favorable results. Kono-S technique is associated with a lower recurrence rate when compared to the standard hand-sewn end-to-end anastomosis (69, 71, 72). A recent meta-analysis enrolling 676 CD patients not only demonstrated a very low clinical and endoscopic recurrence rate (5% CI, 0.00–0.15) but also a small incidence of anastomotic leakage (1% CI, 0.00–0.03) (73). In addition, depending on the affected topography of the gastrointestinal tract, the surgical approach will involve the resection of specific intestinal segments and, consequently, the performance of the corresponding anastomosis. In this context, the literature data favors the Kono-S anastomosis even further when performing an ileocolic anastomosis (73, 74).



FINAL CONSIDERATIONS

The pursuit for the ideal anastomosis (technically easy, without the need for expensive materials, with a low rate of AL and low recurrence rate) is still ongoing. Based on data available until now, it is recommended to perform side-to-side anastomosis to obtain lower rates of AL. The benefits of pharmacological therapies to CD patients are irrefutable but in the perioperative setting, they may worsen the anastomotic healing process. In this sense, it is of extreme importance that the surgical team evaluate the medications that the patient uses in the context of elective surgeries to decide on their suspension or maintenance. Moreover, preoperative nutritional therapy impacts surgical outcomes by reducing AL rates. It is yet to be established whether there is a specific biomarker endpoint to be accomplished before performing elective surgeries to get lower AL rates.

Therefore, this review aimed to contribute to a better understanding of the anastomotic healing in CD patients and to highlight the factors that directly may affect it. CD is a chronic inflammatory disease that still has no cure, and many patients need surgical interventions at least once during the course of the disease. All these factors potentially involved with anastomotic healing are important and need to be analyzed carefully to provide a better outcome and avoid complications (Figure 3).

Concerning future developments on this topic, differences in intestinal microbiota have already been found between patients who develop AL and patients who suffered no complications in the postoperative period. This may become a future therapeutic topic. Another target worth exploring in future studies is the role of MAT in this whole process. MAT’s resection demonstrably reduces disease recurrence and the need for reoperation in long-term follow-up. However, its influence on anastomotic healing and the relationship between the degree of mesenteric involvement and early postoperative complication rates in CD are two current research gaps that have yet to be addressed in the literature.
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MEDICATIONS

Q Low dose corticosteroids (Prednisone 5 mg): maintain

Q Higher doses (Prednisone > 20 mg): low dose regimen of
“stress-dose” steroids (e.g. dexamethasone 4 mg IV or IM)

Q If it is possible (such as in elective surgeries), reduce the
dose of corticosteroids gradually, and a withdrawal of at
least 3-4 weeks is recommended before surgery

v
NUTRITIONAL
SUPPLEMENTS

Q Preoperative nutrition support

Ly Enteral nutrition (during 4
weeks) should be preferred over
Total Parenteral Nutrition (TPN)

Q Immunomodulators: safe to maintain

Q  Longest possible interval between doses of biological
medications
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