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Abstract
Crohn’s disease (CD) is a chronic remittent idiopathic disease. Although the early phase of the disease is commonly characterized by inflammation-driven symptoms, such as diarrhea, the frequency of fibrostenotic complications in patients with CD increases over the long-term course of the disease. This review presents the current diagnostic options for assessing CD-associated strictures. In addition to the endoscopic evaluation of CD strictures, this review summarizes the currently available imaging modalities, including ultrasound and cross-sectional imaging techniques. In addition to stricture detection, differentiating between the primarily inflammatory strictures and the predominantly fibrotic ones is essential for selecting the appropriate treatment strategy (anti-inflammatory medical treatment vs endoscopical or surgical approaches). Therefore, recent imaging advances, such as contrast-enhanced ultrasound and ultrasound elastography, contribute to the development of non-invasive non-radiating imaging of CD-associated strictures. Finally, novel magnetic resonance imaging techniques, such as diffusion-weighted, motility and magnetization transfer imaging, as well as 18F-FDG PET/CT, molecular imaging approaches and biomarkers, are critically reviewed with regard to their potential role in assessing stricturing CD.
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Core tip: Stricturing Crohn’s disease (CD) significantly decreases patients’ quality of life and often represents a challenging treatment situation that may lead to hospitalization and surgery. Differentiating between the predominantly inflammatory strictures and the primarily fibrotic strictures is essential for selecting the appropriate treatment approach (anti-inflammatory medical treatment vs endoscopic or surgery-based interventions). This review summarizes the available diagnostic procedures and emphasizes the use of endoscopy and imaging modalities, including ultrasound and cross-sectional imaging. Finally, promising recent imaging advances that might enable a more specific characterization of CD-associated strictures in the future are presented.
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INTRODUCTION
Intestinal strictures represent a frequent complica​tion of Crohn’s disease (CD)[1]. More specifically, approximately 40% of CD patients with ileal disease develop clinically apparent strictures[2]. In patients with CD, intestinal fibrosis can be present at the time of the diagnosis; however, more frequently, a stricturing phenotype and intestinal stenosis develop during the long-term course of the disease[3,4]. Two decades ago, there was hope that the advent of novel immunosuppressive agents, such as anti-TNF antibodies, might reduce the frequency of fibrotic complications in patients with CD. However, recent epidemiological data have revealed that despite the establishment of early immunosuppressive therapy in CD patients at risk for a disabling disease course, the frequency of fibrostenosing complications did not significantly decrease[5]. 

In recent years, the pathogenetic understanding of intestinal fibrosis has significantly advanced, and common core features of fibrosis in different organs have been identified[6]. Nevertheless, to date, no anti-fibrotic agents for treating intestinal fibrosis in CD have been evaluated in clinical trials[7]. The clinical relevance of intestinal strictures for patients with CD is emphasized by the fact that in population-based studies, approximately 60% of patients require surgery within 20 years after diagnosis[8]. The clinical challenge of managing stricturing CD is further aggravated by the high rate of recurrent stenosis at the surgical site, which larger studies have determined to be approximately 50%[9-11]. Therefore, a significant number of patients must undergo multiple surgeries associated with the risk of developing short bowel syndrome. 

Strictures may be subdivided into fibrotic, inflam​matory and mixed types[12]. Accordingly, inflammatory strictures can benefit from an anti-inflammatory treat​ment approach, causing a reduction in the inflammation-mediated edema[13]. In contrast, predominantly fibrotic intestinal strictures do not benefit from anti-inflammatory agents and must be treated using either endoscopic approaches, such as endoscopic balloon dilation, or surgical interventions, e.g., strictureplasty or intestinal resection[14-16].

Altogether, the high frequency of intestinal stric​tures in patients with CD and the opposed treatment approaches indicate the necessity of accurately diag​nosing stricturing CD and differentiating predominantly inflammatory strictures from primarily fibrotic strictures. This review presents various diagnostic approaches for stricturing CD, discusses the current limitations and describes novel attempts to improve the assessment of CD-associated strictures.

CURRENT CLINICAL PRACTICE

Endoscopy

In general, CD strictures should be classified into (predominantly) inflammatory or fibromatous stric​tures. In the case of a fibrostenotic stricture, medical treatment would be ineffective, and therefore, surgical resection or endoscopic dilation therapy is a reasonable treatment option[17]. The term stricture is not defined uniformly with respect to the presence of luminal narrowing and prestenotic dilation[14,18-20]. The European Crohn’s and Colitis Organization (ECCO) guidelines on endoscopy in inflammatory bowel disease have defined a CD stricture as a narrowing of the intestinal lumen[21]. From the clinical perspective, strictures should be subdivided by the number of strictures (single vs multiple) and whether they are endoscopically passable or non-passable strictures (using a standard adult endoscope) but traversable upon dilation. Strictures in the anastomotic region can occur de novo or after surgery and are primarily localized at the ileocecum. Therefore, CD-associated strictures are commonly accessible during colonoscopy[22]. In contrast, single- or double-balloon enteroscopy is required to reach small bowel strictures[23]. In the case of a passable stricture, the length can be easily assessed, and intestinal pathologies that are proximal to the stricture, e.g., additional strictures, should be evaluated. Before endoscopic dilation therapy, the length and angulation of the stricture should be considered, and any fistulas or ulcers located within the stricture should be avoided. The endoscopic criteria predictive of clinical efficacy are as follows: a stricture length of < 4 cm and the absence of ulcers within the stricture[15,21,24]. In addition to the macroscopic evaluation, endoscopy facilitates obtaining biopsy samples to rule out malignancy[21,25-28]. In the case of an impassable stricture, the stricture length can be assessed by applying iodine contrast agents, which are administered into the stricture ostium during endoscopy. Using fluoroscopy, the length and configuration of the stricture can then be determined[29]. Paine and Shen proposed a comprehensive classification system for strictures that includes seven criteria (Table 1)[30].

To assess the inflammatory[31] activity in luminal CD, several endoscopic scores are available. The CDEIS (CD endoscopic index of severity) and the SES-CD (simple endoscopic score for CD)[21] are commonly used in clinical trials, are validated and have prognostic value[31,32]. However, they are not routinely used in clinical practice. To evaluate the postoperative recurrence of CD, the Rutgeerts score is the most commonly used score for assessing endoscopic disease activity after ileocecal resection[9,33]. However, the Rutgeerts score has not been validated.

None of these scores has been validated with regard to differentiating the strictures into inflam​matory and fibromatous types. In fact, to the best of our knowledge, there is no validated endoscopy CD stricture score for this purpose. Our group defined a combined endoscopic and histological score to differentiate CD strictures into inflammatory, mixed and fibromatous types[12]. Thus far, our score has not been validated by other groups. 

Because the available endoscopic approaches are limited to endoluminal findings, cross-sectional imaging can be used as a complementary technique, contributing significant information regarding the bowel wall and the involvement of adjacent tissues, especially when endoscopic modalities are impractical or contraindicated (e.g., capsule endoscopy in the suspected strictures).

CROSS-SECTIONAL IMAGING

Ultrasonography

Ultrasonography (US) has gained wide acceptance in the diagnostic work-up of patients with CD[34], especially because recent works have shown detection rates for strictures similar to those of magnetic resonance (MR) enterography or fluorine-18-2-fluoro-2-deoxy-D-glucose positron emission tomography and computed tomography (FDG-PET/CT)[12,35]. The major advantage of ultrasound is its ubiquitous availability and non-invasive nature, which simultaneously allow direct interaction with the patient during the examination and the ability to focus on areas of abdominal discomfort. Despite these advantages, ultrasound remains underutilized in many parts of the world[36]. In experienced hands, intestinal ultrasound is a cost-effective, risk-free procedure for monitoring disease activity and assessing complications, especially when evaluating the terminal ileum and the colon, although the proximal ileum, jejunum, transverse colon and the rectum may be difficult to assess due to gas-filled bowel or obesity[37]. Ultrasound examinations primarily focus on detecting bowel wall thickening and increased vascularization on Doppler US, as well as strictures, loss of stratification, haustra coli and conglomeration of intestinal loops and extramural lesions. A systematic review by Panés et al[38] found 85% sensitivity and 91% specificity rates for US in assessing disease activity in patients with CD. 

However, despite the introduction of novel ultra​sound techniques, such as contrast-enhanced US or real-time elastography, the detection of intramural fibrosis in CD remains challenging[39,40]. 

Computed tomography

Although computed tomography (enterography) (CT-E) scans are readily available and enable the detection of strictures with or without proximal dilation, as well as signs of penetrating disease, such as fistula and extraluminal abscess formation (Figure 1), this technique inevitably leads to significant patient radiation exposure. Recent data have demonstrated that a significant number of patients with inflammatory bowel disease (IBD) are exposed to a high cumulative effective dose[41]. High radiation exposure and age at the time of exposure both increase the risk of radiation-induced cancer[37,42]. Therefore, it is recommended to monitor the use of CT, particularly in young patients, especially when alternative modalities with acceptable accuracy are available[37,43,44]. Because CT-E has been shown to be equally accurate in depicting active inflammation as MR enterography[45], CT scanning should be restricted to emergency evaluations of patients with new abdominal complaints or a change in their pre-existing condition, whereas in all other settings, radiation-free cross-sectional exams, such as MRI or ultrasound, should be used.

Magnetic resonance imaging

MRI has played a major role in the diagnostic evaluation of CD. It is a radiation-free method with different acquisition protocols, such as unenhanced T2-weighted and gadolinium-enhanced T1-weighted sequences, as well as protocols requiring the intravenous application of contrast medium or the administration of enteric contrast agents (either orally, i.e., MR enterography, or through a nasojejunal tube, i.e., MR enteroclysis), which allow for a quantitative and qualitative diagnostic evaluation of disease activity and severity (Figure 1)[46,47]. In a recently published observational study correlating MRI findings based on enhancement pattern with the pathological analysis of surgically resected intestinal lesions, Rimola and colleagues found that MRI was highly sensitive and specific for detecting severe fibrosis in CD lesions[48]. Various scoring systems have been proposed to improve the interobserver reproducibility of imaging results, and MRI sequences have been used in treatment monitoring by various groups[49-51]. Gadolinum enhancement patterns facilitated detecting the inflammatory activity in patients with CD, but they were unable to exclude the underlying fibrosis[52]. Because inflammation and fibrosis are closely and positively related, the distinction between them and the exclusion of one or the other remains challenging because both conditions may frequently coexist[45,53].

FUTURE AVENUES

Serological markers and biomarkers

Well-established risk factors for the development of a complicated course of CD include “young age at diagnosis,” “need for steroids at first presentation,” “perianal disease manifestation,” “elevated CRP levels”[54] and “deep colonic ulcers”[54,55]. However, these factors are not exclusively associated with intestinal strictures, although they are generally linked to disabling courses of the disease. The genetic markers, which are stable over time, appear to be promising for predicting fibrotic complications[56]. For example, the nucleotide-binding oligomerization domain-containing 2 (NOD2) gene was evaluated to predict intestinal fibrosis in patients with CD[57]. The IBDchip project, a large multicenter approach, recently assessed more than 70 single nucleotide polymorphisms in 1528 patients with CD and identified NOD2 to be the strongest predictor for a stricturing phenotype[58]. Additionally, JAK2 and ATG16L1 were found to be strongly associated with intestinal stenosis[58].

In addition to genes, antibodies directed against microbial peptides have been proposed to be bio​marker candidates for stricturing CD. For example, we found the association between the presence of anti-Saccharomyces cerevisiae antibodies and the stricturing disease course in cohorts of pediatric and adult patients with CD[59-61]. Nevertheless, the routine use of antimicrobial antibody measurements cannot currently be recommended for the daily clinical management of patients with IBD[62]. Furthermore, no extracellular matrix proteins, including collagens and derived peptides, have been found to be specifically predictive of stricturing CD[63,64]. However, it was found that NOD2 exhibited insufficient specificity for the fibrostenotic phenotype in CD and that NOD2 was also linked to other complications[57]. Similarly, the combination of biomarkers was tested to identify fibrotic complications in CD but was also found to possess low specificity[56,65].

Nevertheless, because biomarkers, such as tissue inhibitor of metalloproteinase-1, connective tissue growth factor and others, were found to be predictive of fibrotic alterations in organs other than the gut[66,67], future studies are warranted to identify gut-specific biomarkers of fibrosis.

NEW IMAGING TECHNIQUES

Non-invasive imaging techniques in patients with CD include MRI-, CT- and US-based techniques. In particular, CTE and MRE have improved the diagnosis of CD. However, these techniques are hampered by the fact that the quantification of inflammation or fibrosis in detected strictures is weak. Consequently, alternative MRI-, CT- and US-based approaches have been investigated to improve the diagnosis of structuring CD.

Contrast-enhanced ultrasound/US elastography

Contrast-enhanced ultrasound (CEUS) is a non-radiating ultrasound technique for identifying and characterizing strictures. In 2002, a small study described the ability of CEUS to differentiate hyper- from hypovascularized intestinal obstructions, thereby facilitating the identification of cicatricial and inflam​matory stenosis[68]. Several recent studies have characterized CEUS[69,70] and demonstrated its potential for distinguishing inflammatory from fibro​stenotic lesions in patients with CD[71,72]. A study by Ripollés et al[71] compared the efficacy of preoperative CEUS to characterize intestinal inflammation with postoperative histopathological analysis of the gut segments in patients with CD. CEUS correctly differ​entiated between the inflammatory and fibrostenotic alterations in 23 of 28 intestinal segments, showing a strong correlation between the sonographic findings and the histological evaluation of inflammation and fibrosis. As described by Kratzer et al[68], there was a significantly negative association between color Doppler vascularization grade and the pathologic fibrostenotic score.

Transabdominal ultrasound elasticity imaging (UEI) investigates the elastic properties of tissue by measuring the strain, which is the extent of deformation of a material upon a given applied force[73]. UEI is an established procedure for investigating liver diseases because the lower strain indicates fibrotic or steatotic remodeling[74]. UEI has also been established to assess other diseases, including prostate cancer[75] and the rejection of renal transplants[76]. Recently, UEI has been investigated in CD to identify intestinal fibrotic tissue. In a CD rat model, ultrasound elastography accurately acutely differentiated inflamed from fibrotic colonic segments[77]. In a second study, the same authors showed that in ex vivo human intestinal specimens, UEI helped discriminate low-grade from high-grade bowel fibrosis in inflammatory bowel disease[78]. Baumgart et al[39] first investigated ultrasound-based real-time elastography (RTE) in patients with stricturing CD. This study demonstrated a significant higher strain measured by RTE in fibrotic than with unaffected intestinal segments. Interestingly, RTE was not associated with the conventional US-based Limberg score, which describes the grade of intestinal wall vascularity in CD[79,80]. This observation might indicate that RTE can evaluate the mechanical properties of the gut in terms of various bowel characteristics, thereby indicating the degree of fibrosis. Nevertheless, there are limitations to this procedure. For example, obesity in patients with IBD might impair the applicability of UEI in these patients by causing inadequate penetration of the high-frequency transducers[79]. However, to date, no clinical trial has been conducted to investigate the diagnostic potential of UEI for stricture differentiation.

Regarding current US techniques, both UEI and CEUS represent promising, non-invasive, non-radiating imaging tools with the potential to improve the diagnostic accuracy of the differentiation of CD strictures. Altogether, the degree of vascularization and the strain appear to be helpful in distinguishing between inflammatory and fibrotic lesions in patients with CD. Although cross-sectional imaging tech​niques, such as MRI and CT, remain the most accurate noninvasive imaging method for evaluating disease activity in small bowel CD compared to standard US techniques[72], a combination of both US imaging techniques could improve the diagnosis and charac​terization of stenotic lesions, although such a technique has not yet been investigated.

MRI

MRI has become a standard imaging technique in patients with CD, especially when many follow-up examinations are required, and MRI-based treatment monitoring in the evaluation of transmural healing is a promising new alternative approach to endoscopically determined mucosal healing. The hallmark of CD is transmural inflammation, and the persistence of mural inflammation, even in cases of mucosal healing, has been reported[81]. However, the exact distinction between the inflammatory and fibrotic patterns is difficult to determine. Dynamic contrast enhanced (DCE)-MRI quantifies the perfusion by measuring the signal increase in the intestinal wall after the administration of gadolinium[82,83]. Recently, other imaging techniques that provide contrast based on endogenous tissue characteristics have been proposed, especially because achieving imaging contrast by intravenously administered contrast agents, such as gadolinium chelates, increases the cost of the examination and is associated with the risk of nephrogenic systemic fibrosis (NSF) in patients with substantially impaired renal function. Among these techniques are diffusion-weighted, motility and magnetization transfer imaging, which have been employed to enhance the assessment of disease activity and severity in CD[84]. Diffusion weighted imaging (DWI)-MRI provides information regarding tissue perfusion, vascular leakage and water diffusion by quantifying changes in water mobility[82,85]. In a study by Tielbeek et al[82], DWI-MRI and DCE-MRI showed good correlations regarding inflammation and fibrosis to the histopathological scores of surgical CD specimens. Dillmann and colleagues successfully applied magnetization transfer MRI in a rodent model of colonic inflammation and fibrosis to detect bowel wall fibrosis. This method, which generates contrast based on the interaction between the protons of free water and those of fixed macromolecules in the tissue, such as collagen, in addition to T2-weighted sequences, facilitates sufficient detection of bowel wall fibrosis in the setting of superimposed inflammation[86]. In this study, MT-MRI and T2-weighted signal intensity ratios were determined and compared in two groups of rats with either experimentally induced acute colonic inflammation or colonic inflammation and fibrosis. The highly significant results regarding the detection of fibrosis suggest that this approach has great promise. However, the data thus far are limited to experimental studies, and additional studies are required to optimize the detection rates for fibrotic strictures and elucidate the clinical utility. Presumably, no single technique will be sufficient for this distinction; however, a combination of different imaging modalities, together with biochemical markers and experienced clinical judgment, could be useful.

18F-FDG PET/CT

18F-FDG PET/CT represents a modern diagnostic technique in CD and has been investigated in several studies that reported high sensitivity (54%-94%) and specificity rates (55%-81%) for the detection of active CD[87]. According to Louis et al[88], severe endoscopic lesions, such as strictures and deep ulcerations, were detected with a sensitivity of up to 100% using 18F-FDG PET/CT, whereas mild inflammation with superficial and erosive lesions was difficult to determine and had a detection rate of only 7%. These findings were corroborated by a study from our group, which reported high detection rates of advanced inflammatory lesions in patients with colonic CD[89]. Although 18F-FDG PET/CT imaging seems to be able to detect severe colonic inflammation in patients with CD, the discrimination between predominantly inflammatory, fibrotic lesions and muscle hypertrophy in the bowel wall is weak[12,87]. Jacene et al[87] examined the FDG uptake in CD patients with obstructive symptoms and compared the PET/CT findings with the postoperative histopathological analyses of these lesions. They found that FDG accumulates not only in acute inflammatory lesions but also in fibrotic strictures and muscle hypertrophy, indicating the inability of quantitative PET interpretation to further characterize obstructive lesions. Nevertheless, the same study revealed that an additional semiquantitative analysis of the FDG uptake, using the maximum lean standardized uptake value [SUL (max)], allowed the identification patients with predominantly active inflammation. Similarly, a prospective study from our group comparing the diagnostic accuracy of MRI, FDG-PET/CT and US did not identify a single, superior imaging technique for stricture detection and differentiation in 30 CD patients with a total of 37 CD-associated strictures[12]. Notably, in our study, a combined diagnostic approach using FDG PET/CT or MRE and ultrasound resulted in a 100% detection rate of symptomatic strictures requiring interventions[12]. However, additional studies are warranted to investigate 18F-FDG PET/CT and the ability of semiquantitative FDG uptake analyses to distinguish between inflammatory and non-inflammatory ob​structive lesions.

Molecular imaging

New imaging tools focusing on molecular imaging have recently emerged. Atreya et al[90] invented a fluorescent antibody for the colonic targeting of membrane-bound anti-tumor necrosis factor (mTNF) in patients with CD. They found that individuals with a high amount of mTNF+ intestinal cells detected by confocal laser endomicroscopy showed significantly increased response rates to anti-TNF therapy at week 12 compared to patients with low amounts of mTNF+ intestinal cells. Although this study demonstrated that molecular imaging using fluorescent antibodies showed promise as a diagnostic tool, the use of endomicroscopic imaging has not been broadly established. This study assesses the ability to endoscopically detect mucosal targets to identify the markers of fibrotic tissues, such as collagen, connective tissue growth factor, or transforming growth factor beta.

CONCLUSION
The current guidelines do not provide a standardized approach for evaluating stricturing CD and readily differentiating fibrosis from inflammation in intestinal strictures. In clinical practice, strictures are evaluated using endoscopy combined with imaging techniques. Transabdominal US and MRI represent radiation-free procedures and should, therefore, be preferred for screening examinations. In experienced hands, transabdominal US may be the first imaging procedure used to evaluate patients with CD-associated strictures because of its ubiquitous availability. Additionally, especially in cases of non-conclusive findings or suspected complications (e.g., fistula or abscess), MR-enteroclysis can be performed. Nevertheless, the discrimination of inflammatory and fibromatous strictures remains the most challenging step in the diagnosis of stricturing CD. Because new US-based techniques, such as CEUS and UEI, have shown promise for distinguishing inflammatory from non-inflammatory stenosis because of their advantageous rapid and non-invasive, non-radiating performance, a combination of US-based techniques with established CT-or MR-based techniques could facilitate characterizing stricturing CD and improving the subsequent therapy.
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Figure 1  Examples of ileal strictures. A, B: MR-enteroclysis of an ileal stricture (A: T2-weighted gradient echo sequence with fat saturation showing thickening of the affected segment. The inner lumen is reduced; B: T1-weighted sequence with intravenous gadolinium application and fat saturation. The Crohn’s disease (CD) -affected segment is thickened and shows increased contrast enhancement. Additionally, the intestinal vessels are extended); C: Computed tomography-enteroclysis of ileal strictures. The vascular “injection” in the CD-affected area is depicted (“comb sign”).

Footnotes
Conflict-of-interest statement: The authors declare that they have no potential conflicts of interest to disclose. The present study received no financial support.

Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Peer-review started: July 4, 2015

First decision: July 20, 2015

Article in press: October 20, 2015

P- Reviewer: Shehata MMM    S- Editor: Ma YJ    L- Editor: A    E- Editor: Wang CH  

Table 1  Classification system of Crohn’s disease-associated strictures developed by Paine and Shen[30]


Criteria


�
Classification


�
�
Etiology


�
Primary vs secondary (anastomotic); benign vs malignant


�
�
Number


�
Single vs multiple


�
�
Degree


�
High grade vs low grade


�
�
Shape


�
Web like vs spindle shaped; circumferential vs asymmetric


�
�
Length


�
Short vs long


�
�
Location


�
Esophagus, pylorus, small bowel, ileocecal valve, anastomosis, colon, rectum, anus


�
�
Associated conditions


�
Fibrosis, edema, proximal dilation, ulceration, fistula with or without abscess, angulated, prior strictureplasty


�
�









