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Crohn's disease in the small bowel could present itself as an inflammatory stricture, a fibrotic stricture as penetrating disease or a combination of both. It is pertinent to differentiate the disease process as well as its extent to effectively manage the disease. Currently, a combination of medical and surgical therapies forms part of the treatment plan while the debate of which therapy is better continues. In managing the strictures, identification of the disease process through imaging plays a pivotal role as inflammatory strictures respond to anti-tumor necrosis factor (TNF) and biological agents, while fibrotic strictures require endoscopic or surgical intervention. Recent evidence suggests a larger role for surgical excision, particularly in ileocolic disease, while achieving a balance between disease clearance and bowel preservation. Several adaptations to the surgical technique, such as wide mesenteric excision, side to side or Kono-S anastomosis, and long-term metronidazole therapy, are being undertaken even though their absolute benefit is yet to be determined. Penetrating disease requires a broader multidisciplinary approach with a particular focus on nutrition, skincare, and intestinal failure management. The current guidance directs toward early surgical intervention for penetrating disease when feasible. Accurate preoperative imaging, medical management of active diseases, and surgical decision-making based on experience and evidence play a key role in success.
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INTRODUCTION

Some degree of involvement of the small bowel is seen in 70–80% of patients with Crohn's disease (CD), with approximately two-thirds having ileocolic involvement and another 10–30% having isolated small bowel involvement (1). Crohn's disease is of an unknown etiology, causing inflammation of the gastrointestinal tract from mouth to anus and the perineum. The prevalence of CD is high in Western Europe, Northern Europe, the USA, and Australia (2). Its etiopathogenesis is thought to be a combination of environmental exposure and genetic predisposition. The first encounter is understood to be the disruption of the epithelial barrier causing exposure of the luminal antigens to submucosal immune cells triggering an uncontrolled immune response in susceptible individuals (3, 4). The inflammation in CD is transmural, causing cryptitis, crypt abscesses, and epithelioid non-caseating granulomas.

There are mainly two types of small bowel CD: the stricturing type and the penetrating type. While the stricturing type gives rise to obstructive symptoms, the penetrating type causes fistulation or intra-abdominal sepsis. Surgical management of small bowel CD is an area of controversy and ambiguity, hence it is not commonly addressed. Although the treatment has to be personalized due to the varying nature of the disease, there are few important principles that govern the management of small bowel CD.



STRICTURING SMALL BOWEL CD


Fibrotic vs. Inflammatory Strictures

There are two types of strictures in CD, and their identification is crucial for disease management. The excessive repair response to inflammation through the laying down of extracellular matrix (ECM) is postulated to cause luminal narrowing. The interplay between the inflammatory cells, the extracellular matrix, and the microbiota has been implicated in stricture formation, and the mechanisms overlap between both types of strictures (5, 6). In contrast to inflammatory strictures, the formation of fibrotic strictures is predominated by the accumulation of collagen-rich ECM that is principally produced by myofibroblasts under the influence of cytokines (7–9). While inflammatory strictures benefit from medical therapy, fibrotic strictures require endoscopic or surgical intervention.



Imaging Modality

In imaging, a stricture is defined based on luminal narrowing (<50%), wall thickening (>25% or >3 mm), and pre-stricture dilation (>20% or >3 cm) compared to well distended adjacent normal bowel (9). MRI enterography (MRE) has become the investigation of choice due to its less invasive nature and the lack of radiation exposure (9). Contrast-enhanced CT (CECT) scans have the disadvantage of exposing patients to high doses of radiation, while capsule endoscopy carries the risk of being retained at a tight stricture (10). MRI has proven to be capable of accurately assessing whether the stricture is inflammatory or fibrotic in nature (11, 12). Wagner et al. (6) demonstrated a high level of correlation between MRI imaging and the histopathological composition of ileal strictures. However, in patients with acute intestinal obstruction, CECT would be the investigation of choice as MRE requires the ingestion of large amounts of oral contrast (9). Transabdominal ultrasound scans are equally effective in expert hands to visualize and monitor the progression of terminal ileal strictures due to their consistent anatomical location (13, 14). It has been shown to have a similar sensitivity to other imaging modalities with less exposure to radiation (15, 16). However, given that the quality of information is dependent on the operator, wider use of transabdominal ultrasound scans is limited (17).




ENDOSCOPIC VS. SURGICAL MANAGEMENT

The goals of the therapy for strictures in small bowel CD are clinical symptom alleviation and radiological or endoscopic improvement. Strictures with a fibrostenotic component predicted by imaging have a lower threshold to be referred for surgical or endoscopic treatment, as none of the available medical therapies are effective against fibrosis (18, 19).

Both endoscopic balloon dilatation (EBD) and surgery are acceptable modalities of treatment for CD strictures (18–21). It is important to map out the entire small bowel prior to deciding on the type of intervention. However, it is not uncommon to find previously undetected pathological segments during the procedure. Balloon expansion should aim for a size up to 18–20 mm, even with several attempts, in order to gain a maximum surgery-free survival (18). Visualization of cracking through the balloon is recommended, and attempts should be made to travel through the stricture with the scope following dilatation. There is no consensus on the holding time for expanded balloon (18). The efficacy of EBD has been shown to reduce with strictures longer than 4 cm in length at a rate of 8% for each additional cm (19, 22). There is much debate on the timing of surgical intervention in Crohn's disease strictures (23). Early surgical intervention, especially for ileocolic disease, has been proposed following emerging evidence from the LIR!C trial (24–27). This randomized trial demonstrated that early laparoscopic ileocolic resection in patients with poor response to conventional Crohn's medication gave an equal quality of life with less medical therapy at a significantly lower cost. Additionally, some expert guidance recommend surgery without biologic trials for fibrotic strictures (28).



STRICTUROPLASTY VS. SMALL BOWEL RESECTION

Conventionally, small bowel resection was considered the last resort due to the risk of short bowel syndrome, high rates of anastomotic leakage, and intra-abdominal collections, especially in patients who have been on a long-term steroid therapy. Of late, few investigators have challenged this conventional understanding given the comparable outcome and cost. Some even question whether the role of medical therapy is to delay the eventuality of surgery (25, 27). Several recent studies suggest surgical excision to provide a better quality of life and a significant reduction in cost compared to anti-TNF therapy in isolated ileocolic disease (25, 29).

Stricturoplasty for CD has the advantage of preserving small bowel length, especially in those with multiple sites of obstructions. Traditionally, stricturoplasty was recommended for strictures <10 cm in length (30). However, innovative approaches, such as Finney and Michelassi techniques, allow for much longer segments to be managed. The simplest type is the Heiniken-Mickulicz technique, which includes a longitudinal enterotomy made across the stricture segment and closed transversely (30). The Finney technique is done by folding the diseased bowel on itself and creating a large opening between the two limbs of the loop to overcome the obstruction. This method leaves a longer suture line through the diseased bowel segment, increasing the chances of complications. The Michelassi procedure, which is a complex procedure for long-segment strictures, involves dividing the stricture in the middle and performing a side-to-side anastomosis in an isoperistaltic orientation (31). Stricturoplasty has a similar long-term outcome compared to resection and is specifically recommended for multiple strictures, previous long-segment resections, early recurrences, short bowel syndrome, and those with malnutrition (32). In addition to conventional procedures, several non-conventional stricturoplasties have also been done across the ileocecal valve with comparable outcomes (33).

Commonly, patients are managed with a combination of resection and stricturoplasty for the remaining segments. The approach depends on the individual case after considering multiple factors such as patient's age, fitness, chances of recurrence, availability of medical therapy, and severity of the disease. Quite interestingly, the site-specific recurrence rates have shown to be 2–5% in 10 years along with the normalized bowel wall during re-surgery (34). European guidance also recommends stricturoplasty as the first option for surgical intervention in CD when technically feasible.



WIDE MESENTERIC VS. CLOSE DISSECTION

Coffey et al. (35) reported a 2.9% recurrence rate in wide mesenteric resection compared to a 40% recurrence rate in conventional close dissection (36). They hypothesized that the primary pathology in small bowel CD initiates from the mesentery. Therefore, removal of the mesentery was proposed to prevent disease recurrence (37). However, others who hypothesize that the confounding factor is resection margin involvement rather than the mesenteric excision have challenged their results (38). A randomized controlled trial to test the efficacy of wide mesenteric excision is currently underway (39). Currently, the use of frozen sections to define the resection margins is not followed, and it is recommended that the macroscopically disease-free region is identified. Those who oppose the novel concept of wide mesenteric resection argue that, with stricturoplasty having similar long-term results to resectional surgery disproves the importance of the mesentery in disease recurrence (40). Regardless of the pre-operative imaging, most surgeons prefer to check for unforeseen strictures both upstream and downstream by passing a Foley catheter with its bulb inflated up to 2 cm in diameter. It is also pertinent to note the remaining length of the small bowel after the resection. The laparoscopic approach has proven to be safe and feasible with minimal access trauma and is also recommended by the European guidelines whenever possible. The single incision laparoscopic surgical (SILS) technique has also proven to be effective since it allows the easy exteriorization of the diseased segment through the port to perform complex procedures. Reduced adhesion formation allowing easier repeated surgeries is a perceived benefit of the minimal access surgery in CD (41).



BIOLOGICS AND STEROIDS IN THE PERIOPERATIVE PERIOD

There is no consensus on the preoperative management of steroids and anti-TNF therapy. A steroid dose of 20 mg and more for a period exceeding 6 weeks increases post-operative complications and should be weaned if possible without increasing the disease burden (42, 43). Evidence on the requirement of a stress dose of steroids preoperatively is also poor, and there is no consensus on such modification vs. continuation of the normal dose. There is conflicting evidence on the increased postoperative complication rates when providing anti-TNF therapy in the perioperative period although few recent meta analyses demonstrate a higher rate of complication (42, 44–47). However, the optimal drug-free interval prior to surgery in order to minimize complications is not known. Optimization of nutrition, correction of hemoglobin levels, and resolution of intra-abdominal septic foci prior to surgical intervention are also of prime importance to reduce postoperative anastomotic complications (48–50).



PREVENTING RECURRENCES

All attempts are taken to prevent an anastomotic recurrence following bowel resection. A wide side-to-side (functional end to end) anastomosis is recommended (42, 51). Neither stapled nor hand-sewn techniques have shown an advantage over the other. Kono-S is another innovative anastomotic technique recently adopted for CD following the hypothesis that disease causation is linked to the mesentery (52, 53). This technique aims to keep the suture line away from the mesentery. Although several previous studies have shown lower rates of recurrent strictures with this technique, there is not enough evidence to draw clear conclusions. The use of low doses of oral metranidazole for 3 months following surgery has been shown to reduce recurrent strictures (54). It is recommended that patients start anti-TNF therapy within 2 weeks of surgery to gain maximum re-surgery-free survival (42). The traditional viewpoint has been to delay the start of biological agents in the postoperative period due to fears of delayed wound failure and infection (55, 56). However, there is convincing new evidence for the early initiation of biological agents and their positive effects on preventing recurrences without additional risk of infection (57, 58). Lightner et al. (57) recently reported comparable short-term outcomes in patients who had biologics restarted within 90 days of surgery. There is evidence to suggest that most recently available biologics can be used safely during the perioperative period (59–61).



PENETRATING SMALL BOWEL CD

The transmural inflammation in CD results in fistulation. Small bowel fistulae, a difficult entity to manage, can occur at any site between the duodenum and the terminal ileum. The pathophysiology of the disease is largely unknown although TGFβ appears to play a role in stimulating epithelial–mesenchymal transition (62). Fistulation could be enterocutaneous (ECF), entero-enteric (EEF), or entero-vesicular (EVF).

ECF accounts for around 5% of the fistulizing CD (63) and can be seen arising either de novo or postoperatively. The fistula output will depend on the site with more proximal fistulae giving rise to troublesome high outputs. Post-procedural ECF presents itself within the early postoperative period as an abscess under the scar or a feculent discharge through the scar, the drain site, or the port site following laparoscopic surgery. De-novo fistulae also manifest initially as an abscess, which continues to discharge the following drainage. They may also track from an intervening abscess cavity between the bowel and the skin commonly in the iliac fossa or the pelvis (64).

CT and MRI are the preferred imaging modalities to define the tracks anatomically (Figure 1). Any septic foci need to be drained urgently either surgically or radiologically and the fistula tract needs to be addressed after a thorough assessment. The entire small bowel needs to be assessed for strictures distally along with the extent of disease involvement. Maintaining nutrition, skincare, and the control of sepsis play a major role in managing ECF, indicating the importance of a multidisciplinary setting for best outcomes. A low output fistula may spontaneously close with initial bowel rest and nutritional support. De-novo ECF might respond to biological therapy and elemental feeds; however, operative intervention is indicated early to prevent complications (42). The data on the effect of biologics on fistulating Crohn's disease needs to be interpreted with caution. Most studies have a heterogenic patient population, which includes patients with anal fistula (65). Amiot et al. (66) retrospectively comparing surgery vs. biologics in ECF reported that 54% required surgical intervention. The authors concluded that anti-TNF therapy might have a place in managing a simple fistula without distal stenosis. Medical management has no place in post-procedure ECF if there is no active disease. Surgery for most ECF will include removing the fistula, resecting the involved bowel segment, and ensuring the absence of strictures distally (Figure 2). At times, a staged procedure may be performed by exteriorizing the bowel ends and controlling the sepsis prior to restoring continuity.


[image: Figure 1]
FIGURE 1. MRI enterography of a 46-year-old woman with CD with an enterocutaneous fistula (ECF) at the right iliac fossa (white arrow). She has undergone two ileocolic resections previously and a stricturoplasty of the end to end anastomosis within a 7-year period. The image demonstrates proximal bowel dilatation and a possible distal stricture (red arrow).
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FIGURE 2. Resection of the ileal segment involved (shown in Figure 1) in the ECF with a wide mesenteric margin. A side-to-side (functional end to end) stapled anastomosis was performed to achieve bowel continuity. Significant inflammatory changes were observed in the mesentery. The patient was prescribed low-dose metronidazole for 3 months. The patient is asymptomatic to date.


EEF is not commonly discussed. Its presentation may vary depending on the site of the fistulae. Entero-colic fistulae (fistula between small bowel and colon) might present with diarrhea while an EEF between close segments of the small bowel may be asymptomatic. A resulting blind loop may give rise to bacterial overgrowth. Patients with EEF require personalized treatment in a multidisciplinary setting (64). Most EEF can be managed by disconnecting the fistula and primary repair. A short segment of small bowel involvement can be managed through resection of the segment and restoration of continuity. Laparoscopic surgery may be feasible in this setting although a high rate of conversion is to be expected (45).

In CD, perforations in the small bowel commonly occur at the terminal ileum due to penetrating disease (67, 68). Patients complain of pain in the right iliac fossa and experience tenderness, usually associated with fever. Most patients with perforated small bowel CD will not require operative management. The perforation is mostly walled off as an abscess or a mass and is best managed conservatively. Interventions in the acute stage might increase the risk of developing post-procedure ECF. A CECT scan with oral contrast is highly sensitive to diagnose the perforation, which will demonstrate extravasation of contrast along with surrounding free gas is pathognomonic. If a significant fluid collection is present, radiological guided drainage and insertion of a tube drain are preferred. Intravenous antibiotic therapy will be effective in the acute stage followed by disease-modifying medication to control active diseases prior to surgery. Especially, isolated ileocolic disease responds well to surgery.

Entero-vesicular accounts for a small portion of penetrating disease in CD, with an incidence of ~2% of all fistulae (69). EVF could be simple with a single bowel loop penetrating the bladder or be complex with a bowel mass or an intervening abscess penetrating the bladder. Early surgery is recommended in EVF cases as complete closure is unlikely with medical therapy and could become complicated with sepsis. Other abnormal communications such as entero-vaginal or entero-urethral fistula can also occur requiring specialized disease management (64).

Chron's disease in the small bowel requires multiple surgical interventions, potentially resulting in intestinal failure (IF). An audit conducted in the UK demonstrated that ~25% of patients with IF in CD were due to repeated bowel resections (70). Therefore, it is important that CD of the small bowel is managed in a multi-disciplinary setting to facilitate informed decisions on preserving the bowel length as much as possible and manage IF in the event of such a complication. Specialized centers may offer bowel-lengthening procedures such as transverse enteroplasties.



CONCLUSION

Crohn's disease in the small bowel requires comprehensive care in a multidisciplinary setting. Classifying the disease based on its pathology into inflammatory strictures or fibriotic strictures plays a major role in disease management. While inflammatory CD can be managed with medical therapy, surgery has become the mainstay for strictures in CD with good outcomes. Bowel resection with or without wide mesenteric excision and multiple stricturoplasty or a combination of both is undertaken and offers similar outcomes. A combination of medical and surgical therapy is required in most cases, while the debate on their effectiveness as stand-alone treatment plans continues. Penetrating disease in small bowel CD is challenging, and surgery is recommended early to prevent complications. They require meticulous preoperative planning and optimization in a specialized care setting. The consequences of small bowel CD, such as intestinal failure, require highly specialized disease management with enteral nutrition and corrective procedures.
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