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Abstract

Magnetic resonance enterography (MRE) and intestinal ultrasound (IUS) have developed rapidly in the last few decades, emerging as the primary non-invasive options for both diagnosing and monitoring Crohn’s disease (CD). In this review, we evaluate the pertinent data relating to the use of MRE and IUS in CD. We summarise the key imaging features of CD activity, highlight their increasing role in both the clinical and research settings, and discuss how these modalities fit within the diagnostic pathway. We discuss how they can be used to assess disease activity and treatment responsiveness, including the emergence of activity scores for standardised reporting. Additionally, we address areas of controversy such as the use of contrast agents, the role of diffusion-weighted imaging, and discuss point-of-care ultrasound. We also highlight exciting new developments including the applications of artificial intelligence. Finally, we provide suggestions for future research priorities. 
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Introduction

The management of Crohn’s disease (CD) utilises a ‘treat-to-target’ strategy, with therapy modified according to objective measures of disease activity that are assessed at regular time intervals.1-3 Treatment is targeted at achieving both biochemical and endoscopic remission. While endoscopy is the primary method for evaluating disease activity, it has several limitations that preclude its repeated use. It is invasive with the potential for severe complications, has low patient tolerability, and can be technically very difficult to perform in the presence of strictures, adhesions, or severe inflammation.4, 5  Additionally, endoscopy can be falsely negative in cases of proximal small bowel disease, and it does not assess extra-intestinal disease, which is present in nearly half of patients with inflammatory bowel disease (IBD).6, 7 As a result, magnetic resonance enterography (MRE) and intestinal ultrasound (IUS) have developed rapidly in the last few decades, emerging as the primary non-invasive options for both diagnosing and monitoring CD, particularly since they mitigate against the cumulative risk of exposure to diagnostic medical radiation in the management of this long-term condition.8-11 Both modalities have high sensitivity for detecting active CD, and are endorsed by multiple international guidelines as appropriate first-line investigations, and viable alternatives to colonoscopy.9, 12, 13 Indeed, transmural healing is an increasingly important endpoint in clinical trials.3, 14

Magnetic resonance imaging of the small bowel offers a high-tissue-contrast examination of the abdomen and pelvis with multiplanar assessment, without exposure to diagnostic medical radiation, which is a disadvantage of CT.8 Furthermore, where necessary, it can simultaneously evaluate perianal complications.15-17 MRE provides high diagnostic accuracy for detecting the presence and activity of CD, with reasonable inter-observer agreement between radiologists.9, 18-22 IUS also benefits from not conferring exposure to diagnostic medical radiation, as well as being favoured by patients because it is quick to perform, and does not usually require any bowel preparation. It too is highly sensitive and specific for identifying the presence of CD and evaluating disease activity. Typical protocols for MRE and IUS are provided in Supplementary Table 1.

In this article, we review and evaluate the key data related to the use of MRE and IUS in the diagnosis and management of CD. We describe the typical imaging features of CD activity and emphasise the increasing use of these imaging techniques in both clinical and research settings. We discuss how these modalities fit within diagnostic pathways offering guidance about test choice. We consider how to use them in assessing treatment response and address the emergence of disease activity scoring systems which aim to standardise the evaluation and therapeutic response in CD. Finally, we address areas of controversy and draw attention to promising new areas of research, with some suggestions for future research priorities. 

Cross-sectional imaging signs of disease activity 

The diagnostic features of CD on cross-sectional imaging are well described and depend on factors such as inflammatory burden, existing bowel damage, and the presence of complications such as stricturing or penetrating disease.23 In mild disease, cross-sectional imaging may not reveal any abnormality, especially as superficial aphthous ulceration is often not apparent. Consensus guidelines recommend using specific nomenclature when interpreting cross-sectional imaging to improve reporting consistency.24-26 One of the major advances made possible by the widespread use of cross-sectional imaging in IBD is the ability to measure transmural disease activity. By examining the full thickness of the bowel wall and surrounding tissues, imaging can detect features that are not visible when the evaluation is limited to the mucosa alone.27  Multiple radiological features of active CD have been validated against endoscopy, histopathology, as well as inflammatory markers in blood and stool.28 Such signs are employed during routine clinical reporting, but also form the basis of disease activity scores (see below). 

Bowel wall thickening is an important and early finding in active CD inflammation observed on both MRE and IUS. A recent consensus panel concluded that bowel thickening is present when the bowel wall is greater than 3 mm. However, this finding is non-specific and can be caused by various pathological processes affecting the gut, including infectious and neoplastic aetiologies.29 In CD, it results from inflammatory cell infiltrate or bowel wall oedema, with or without the presence of fibrosis, and is likely the most sensitive marker of inflammatory activity.24 Notwithstanding, given the nearly universal concurrence of inflammatory and fibrotic changes in CD, other more sensitive parameters for active CD must also be taken into account. On MRE, neo-angiogenesis and increased vascularisation are represented by increased mural enhancement following intravenous gadolinium injection, as well as engorgement of the vasa recta, whilst on IUS, increased colour Doppler signal is observed (Figure 1). Mural and transmural oedema can also be present in active CD. The former manifests on MRE as hyperintense T2 signal in the bowel wall, which is typically submucosal, and as disrupted mural stratification on IUS. Transmural oedema is reflected in both modalities by the presence of free fluid and perienteric fat abnormality.23 Fibro-fatty proliferation or fat wrapping refers to hypertrophy and expansion of the mesenteric fat towards the anti-mesenteric side, which produces a mass effect on the nearby bowel loops and is often seen in longstanding CD.24 Selective saturation of fat signal on T2-weighted sequences aids the identification of intestinal wall oedema and perienteric fat on MRE. Indeed, fat-saturated and non-fat-saturated T2 sequences are imperative to determine whether the increased mural signal intensity is due to the presence of oedema or intramural fat deposition, a phenomenon that occurs in longstanding CD. The former demonstrates high signal intensity on both sequences, whereas the wall signal intensity will reduce on the fat-saturated sequence in the context of fat infiltration (Figure 1). On IUS, increased fat echogenicity is a sign of active CD. Ulceration can be detected on MRE if adequate luminal distension is achieved, seen as thin high signal intensity lines within the thickened bowel wall.26 On IUS, ulceration manifests as defects in the mucosal layer. 

Disease activity scores

In an attempt to standardise imaging criteria and reduce reader subjectivity to report and quantify active CD, a variety of MRI and IUS activity scores have been developed (Table 1) and validated (Table 2).28  These indices are comprised of similar individual components, with substantial interrater reliability reported.30 Scoring systems like these are an attractive proposition as they provide a more objective and systematic assessment of the imaging findings, similar to endoscopic activity scores They hold considerable promise for use in therapeutic clinical trials.31, 32 Currently, their use is mainly limited to a research/clinical trial setting. However, with their increasing simplicity, their wider use in clinical practice is likely to increase. 

MRE
The Magnetic Resonance Index of Activity (MARIA) encompasses wall thickening, mural contrast enhancement, mural oedema, and ulceration, all independent predictors of the presence and severity of endoscopic lesions.8, 33 Cut-off values have been defined for both active disease (>/=7) and severe disease) (>/=11). Limitations of the MARIA score include its time-consuming nature with the need to place regions of interest in the bowel wall, and the inclusion of normal bowel wall segments when calculating a global score, rendering the MARIA unwieldy for routine clinical practice.34 Such limitations led to the development of the more time-efficient simplified MARIA (sMARIA); the time required to derive it is just 4.5 minutes compared to over 12 minutes for the MARIA.35 The sMARIA was derived and validated by Ordas et al in a single centre study comprising 98 patients employing the CD endoscopic index of severity (CDEIS) as the reference standard.36 Sensitivity and specificity for identifying active disease were 90% and 81%, and 85% and 92% for severe disease, respectively. In patients who received anti-tumour necrosis factor agents or corticosteroids for 12 weeks, the sMARIA accurately identified endoscopic remission (CDEIS < 3.5) with both sensitivity and specificity exceeding 90%. 

Steward et al derived and validated the London and “extended” London scores against a histological standard of reference, the endoscopic biopsy acute inflammatory score (eAIS).37 This was a single centre study comprising a total of 42 patients. The London score had a sensitivity of 81% (95% confidence intervals 54 to 96) and specificity of 70% (35 to 93) for detecting active terminal ileal CD, whereas the sensitivity and specificity of the “extended” London scores were 87% (61 to 98), and 70% (35 to 93), respectively. 

The sMARIA, London and “extended” London scores have similar parameters. However, the "extended" London score requires gadolinium contrast, which is a limitation. The three activity scores have since been studied in both retrospective 34, 38-40 and prospective settings, with the latter external validation studies summarised in Table 2. 32, 41-44

Another MRE index is the Clermont score which represents a reliable and accurate tool for assessing CD activity.45 There is much overlap between its constituents and the MARIA; the distinguishing feature of the Clermont score is its utilisation of diffusion weighted sequences (see below) rather than post-gadolinium imaging. The necessity to place a region of interest for its derivation which is time-consuming is likely to hinder its uptake in routine clinical practice, but it provides another option for clinical trials.46 

As outlined, there are a range of MRE indices available but there remains significant variation in how these are used and what is considered to represent treatment response and remission of CD by MRE.47 Consensus guidelines are needed to define such criteria for even more objective assessment in clinical trials. 

IUS
In the same manner as MRE, a variety of IUS activity scores that include the most useful parameters have been developed to make the assessment more systematic and reproducible.48 Most of these scores focus on bowel wall thickness, increased colour Doppler signal, disrupted mural stratification, and fat wrapping.49, 50 The most promising IUS indices, namely the bowel ultrasound score (BUSS), the simple ultrasound score for Crohn’s disease (SUS-CD), and the International Bowel Ultrasound Segmental Activity Score (IBUS-SAS) are summarised in Table 1. Presently, these scores have undergone less prospective external validation than there MRE counterparts although this is being increasingly addressed (Table 2). 
The BUSS, comprising bowel thickness and colour Doppler signal, was developed in a cohort of 225 patients originating from a single centre.51 IUS was performed by one of two gastroenterologists who had at least 7 years of experience of US. The BUSS had a sensitivity of 83% (76 to 88, 95% confidence intervals (CI)), and specificity of 85% (73 to 93) for the assessment of disease activity when compared to the reference standard of the simple endoscopic score for CD (SES-CD). In a subsequent publication, the same authors demonstrated that the BUSS also performs well in assessing treatment responsiveness.52 They again employed the reference standard of SES-CD, and evaluated 48 CD patients from the same single centre who were starting a new therapy with a biologic or immunosuppressant. IUS was carried out by one of two gastroenterologists with at least 8 years of experience. Reassessment with IUS was undertaken at a median time of 13.3 months from baseline. Applying a cut-off value for <3.52 of BUSS for inactive disease, the sensitivity and specificity for identifying endoscopic remission following treatment were 90% (55 to 99) and 74% (58 to 87), respectively. Moreover, the BUSS changed significantly from baseline to follow-up in those patients achieving an endoscopic response. Indeed, a change of -1.2 in the BUSS from baseline to reassessment predicted endoscopic response with a sensitivity and specificity of 74% (49-91) and 83% (65-94), respectively. 

The SUS-CD was developed in a single centre study comprising 40 patients utilising the SES-CD as the reference standard.53 As part of the same publication, the authors also performed validation via 124 patients from two other institutions. The same reference standard was employed, and two sonographers performed IUS. They reported sensitivity and specificity of 95.3% (88 to 98) and 70.3% (56 to 82), respectively.  

The IBUS-SAS was developed by 11 international experts through a Delphi Consensus, followed by a blinded agreement study with central reading.54 It comprises 4 IUS parameters (Table 1) with near perfect interrater agreement. The score correlated with the global disease activity physician assessment. 

These indices are promising but external validation in a variety of large multicentre cohorts is needed before they can be adopted in clinical practice. To date, little prospective external validation has been undertaken (Table 2), and most studies that have attempted this have been hampered by their small sample size, and retrospective nature with few highly specialised IUS operators.55-57 Dragoni et al performed external validation of the IUS scores in a single centre prospective cohort of 73 patients utilising an endoscopic reference standard.58 The SUS-CD had a sensitivity of 93.3% and specificity of 71.4% for active CD, whilst the BUSS had sensitivity and specificity of 91.1% and 82.1%. However, alternative cut-offs from the original descriptions were needed to achieve these performance characteristics. IBUS-SAS had a sensitivity of 82.2% and specificity of 100% for detecting active CD and was statistically superior to the SUS-CD and the BUSS for identifying severe endoscopic CD. A limitation of this validation study was that all IUS was performed by a solitary experienced practitioner at a single centre. To address this, a recent study applied the SUS-CD and BUSS to patients from the prospective Magnetic Resonance Enterography or Ultrasound in Crohn’s disease (METRIC) trial; 111 patients had a histological reference standard and in 289 patients an MRE reference standard was used.59 The patients originated from 8 different institutions, and IUS was performed and interpreted by one of 19 practitioners. Compared to histology, the sensitivity and specificity for active disease were 79% (69 to 86) and 50% (31 to 69) for SUS-CD, and 66% (56 to 75) and 68% (47 to 84) for BUSS, respectively. In comparison to the sMARIA, the sensitivity and specificity for active CD were 81% (74 to 86) and 75% (66 to 83) for SUS-CD, and 68% (61 to 74) and 85% (76 to 91) for BUSS, respectively. Given the diverse multi-centre, multireader study population, these findings are likely more generalisable estimates than others and approach expected performance in clinical practice. These activity scores need to be tested in further diverse populations, and treatment responsiveness in these settings also needs to be assessed.

The METRIC trial

The Magnetic Resonance Enterography or Ultrasound in Crohn’s disease (METRIC) trial is the largest prospective multicentre cohort study to date that has provided a direct comparison of MRE and IUS.9 The trial, conducted across eight UK National Health Service (NHS) teaching and general hospitals, representative of routine clinical practice, compared the diagnostic accuracy of MRE and IUS for both the presence and extent of active disease in newly diagnosed and relapsed CD. All patients underwent MRE and IUS, and a construct reference standard was utilised incorporating all relevant information obtained over a 6-month follow-up period (including clinical, biochemical, and endoscopic data). This yielded an abundant and varied dataset. The key findings from the METRIC trial and related publications including secondary outcomes, and subsequent post-hoc analyses that utilised the rich multicentre, multireader data available from this pragmatic trial are summarised in Table 3.9, 21, 43, 60-63 One important outcome was the assessment of interobserver variability. Across the trial sites, 24 radiologists interpreted MRE, and 19 performed IUS. One sonographer undertook IUS. All the radiologists had completed the Fellowship of the Royal College of Radiologists (FRCR), were affiliated to the British Society of Gastrointestinal and Abdominal Radiology (BSGAR), and had at least 1 year of subspecialty training in gastrointestinal radiology. The sonographer had received local formal training, was performing IUS routinely in their regular practice and had 20 years of experience. The radiologists interpreting MRE had a median of 10 (interquartile range 6 to 11) years of experience, and practitioners interpreting ultrasound had a median of 8 (4 to 11) years of experience. During the trial, a median of 30 (20 to 45) MRE examinations and a median of 25 (12 to 40) IUS studies were undertaken at each trial site. Within the trial, there was reasonable agreement between radiologists for identifying small bowel disease presence on MRE for both newly diagnosed and suspected relapse cases, although agreement for disease extent was lower.21 IUS also showed substantial practitioner agreement for identifying small bowel CD in both newly diagnosed and suspected relapse patients.61  

Developments and controversies

Routine use of diffusion-weighted imaging in MRE

Diffusion-weighted imaging (DWI) is usually abnormal in bowel affected by IBD reflecting the histopathological processes of inflammation, fibrosis, oedema and vasculopathy due to the reduced molecular motion of water.64 This causes high signal on high b-value images with corresponding low signal on the apparent diffusion coefficient (ADC) map. DWI is useful for detecting active inflammatory disease, but it cannot be used exclusively as fibrosis also causes restricted diffusion.65, 66 Studies have demonstrated that while subjective assessment of DWI is very useful to highlight areas of abnormality that deserve close scrutiny on the other available sequences, it is not a robust method in isolation to define inflammatory CD.67 Furthermore, ADC values have poor intra- and inter-observer variability.68-70 Reflective of that, recent data suggests that ADC values are insufficient when used alone to evaluate treatment responsiveness.71 Streamlining of the MRE protocol to reduce scan time, associated cost and patient burden whilst retaining high sensitivity and specificity is a key priority; DWI is likely to face increased scrutiny and is currently considered an optional sequence (Table 4). 72, 73

Gadolinium-enhanced MRE

The decision to perform gadolinium-enhanced imaging varies across different institutions, even though consensus guidelines still recommend their use.73 However, there is accumulating evidence that in most cases, these can be dispensed with, thereby avoiding the risk of gadolinium deposition and associated potential risks whilst also reducing the duration and cost of the study.74 In a post-hoc analysis of a prospective trial, Rimola et al considered 46 CD patients comparing the accuracy of the sMARIA calculated with and without contrast-enhanced sequences in determining the response to biologics.42 The sMARIA with and without contrast had sensitivity of 76% and 80%, and specificity of 95.2% and 95%, respectively. Seo and colleagues assessed whether MRE performed with DWI in the absence of gadolinium was non-inferior to gadolinium-enhanced MRE for small bowel CD; in a cohort of 50 patients, they reported no statistical difference in the sensitivity and specificity of identifying active CD.75 These findings have since been replicated.44, 60, 76 Performing gadolinium-enhanced imaging can probably be reserved for patients with penetrating disease.23

Oral and IV Contrast for IUS

Ingesting oral contrast medium before performing transabdominal US distends bowel loops which improves visualisation of the bowel wall, and increases the separation between adjacent bowel loops. The technique is known as small intestine contrast-enhanced ultrasonography (SICUS) and has been extensively studied with promising results.77-82 The incremental benefit over conventional IUS remains uncertain, and it is undoubtedly more laborious, time-consuming and less acceptable to patients, which explains why it is not yet widely adopted.60, 83 Nevertheless, SICUS is a useful technique for problem-solving and is currently only practised in centres with specialist expertise in this technique.

Contrast-enhanced ultrasound (CEUS), whereby contrast is administered intravenously before performing US is another technique which has received some attention.84-88 It provides the ability to assess quantitative parameters related to bowel wall vascularisation, but its clinical usefulness is yet to be determined. Some preliminary data suggest CEUS may help distinguish between inflammatory and fibrotic disease in certain clinical situations, but these findings need to be reproduced in large, prospective studies.89 Another limitation of CEUS as a tool for quantifying CD burden is its lack of reproducibility due to the lack of standardisation around probe/scanner combination and acquisition parameters used.90 Currently, CEUS is only performed in a few centres and is unlikely to be widely adopted unless significant benefit is demonstrated, given that is more invasive and time-consuming than conventional IUS. However, it is useful for characterising penetrating complications, particularly for distinguishing between a drainable abscess, which demonstrates enhancement only in the wall, and an inflammatory mass, which exhibits intralesional enhancement.91

Quantified Bowel Motility measurement 
Fluoroscopic techniques have long demonstrated altered motility in bowel segments that are affected by CD, but quantification was not possible. However, modern 1.5 and 3 Tesla MR scanners can now assess small bowel motility in a single breath hold, and post-processing software permits quantification. Despite IUS offering real-time assessment of bowel motility, this is subjective as there are currently no reliable methods to quantify motility by US.  The ability to quantify small bowel motility by MRE has generated significant interest in its clinical utility. Several studies have shown that a reduction in small bowel motility measured by MRE is correlated with histopathological and endoscopic activity, whilst the recovery of motility may be a useful marker for treatment response.92-96 Results from the MOTILITY trial (ISRCTN14481560) will determine how effective small bowel motility measurements are in predicting treatment response at 1 year in patients with small bowel CD who are starting biologic treatment. 

Predictive potential of cross-sectional imaging 

The ability to accurately identify CD patients at initial diagnosis who are most at risk of developing future severe CD complications (including stricturing, penetrating disease and risk of intestinal surgery) represents a major unmet clinical need. The development of a robust predictive tool would allow prioritisation for early advanced medical therapy (Table 4).97 Although clinical predictors for the development of severe disease have been identified, these lack specificity but to date, prognostic research evaluating cross-sectional imaging is lacking.98

Fiorino and colleagues assessed the prognostic role of MRE in CD patients who were within 2 years of their initial diagnosis.99 They found that bowel damage (presence of stricture, fistula or abscess) on imaging was associated with progression to surgery and more frequent future hospitalisation. Similar results were reported in a cohort of 112 CD patients who had established disease, suggesting they were not necessarily imaged at the time of diagnosis.100 In a single centre study of 52 CD patients at any time in their disease course, findings on outpatient MRE of either restricted diffusion, increased upstream dilatation from a stricture, complex fistula, peri-enteric inflammation, fibro-fatty proliferation and increased length of disease involvement were associated with progression to surgery.101 These results are not surprising as MRE is uniquely placed to assess both bowel damage and inflammation simultaneously, unlike common biomarkers such as CRP and faecal calprotectin. To date, no study has assessed whether baseline MRE at initial diagnosis can predict disease trajectory but this will soon be rectified.102
IUS is also a candidate for predicting CD trajectory at the time of diagnosis. Bowel wall thickness over 7 mm predicts progression to surgery within 1 year.103 As with MRE, the presence of a stricture, fistula or abscess on IUS at any time in their disease course is associated with progression to surgery within 12 months.51 More work is needed to see if baseline IUS at the time of diagnosis has prognostic potential.

Point-of-care Ultrasound 

Point-of-care ultrasound (POCUS), which refers to diagnostic ultrasonography performed at the bedside, is well established in a few specialities such as rheumatology in the outpatient setting. There is increasing interest in its adoption within gastroenterology clinics for the assessment and monitoring of CD and UC.104, 105 Studies assessing the accuracy of POCUS in IBD have demonstrated a sensitivity for detecting active disease ranging from 87.5% to 91% and specificity of 61.1% to 91.9% compared to MRE and colonoscopy reference standards.51, 106-108 These studies included operators with a wide range of experience in IUS, from those who have performed 200 scans to experts with experience in performing several thousand studies. The use of POCUS does influence decision making with 58-60% of patients with CD having a change in their management plan made because of the examination.109 Furthermore, around half of asymptomatic patients were found to have active disease on POCUS. In a retrospective review of a specialist centre’s experience of POCUS for 345 examinations, 60% of these led to a change in clinical decision, with almost 50% resulting in a treatment change.110 Correlation with MRE or colonoscopy was 80-86.3% with no moderate or severe disease missed. A study in Canada showed that an individual could deliver POCUS with adequate sensitivity and specificity compared to MRE after completing 200 supervised scans in a high-volume IUS centre.108 

Large prospective studies are needed to confirm the robustness of POCUS, and clearly defined standards of training are essential. In 2016, the World Federation for Ultrasound in Medicine and Biology (WFUMB) published a position paper calling for the formulation of a curriculum and establishment of minimum core competencies for IUS training. These courses are being introduced worldwide.111 A consensus statement on competency criteria required to be able to deliver IUS has recently been published.112 POCUS is likely to be most effective for regular follow-up and treatment monitoring in simple CD. However, in the case of complex phenotypes, such as penetrating, fistulizing and stricturing disease, MRE should be preferred (Figure 2).

Handheld ultrasound devices
Handheld ultrasound (HHUS) devices have been investigated for IBD. HHUS was compared with IUS showing promising sensitivity of 92% for thickened bowel wall and 94% for length of disease.113 Reproducibility between two separate clinicians was similar to conventional IUS (Cohen’s kappa coefficient 0.84-0.85). HHUS has been compared to MRE for new patients referred to a tertiary IBD unit with high suspicion of CD with a diagnostic sensitivity of 87.5% compared with 91.67% by MRE, with no statistically significant difference.106 MRE was superior to HHUS for extent, location, and complications. These studies suggest that handheld devices could be used as a screening tool for patients at risk of IBD, and as a monitoring tool for disease activity, although the images are less clear than those obtained using portable or departmental US machines.

Cost

IUS is inexpensive, quicker to complete than MRE, and generates a result at the time of the test. While it is expected that the adoption of IUS would bring about substantial cost savings by reducing MRE and endoscopy usage, there are limited data to back up real-world cost savings of IUS use and POCUS. A centre with limited IUS availability estimated an almost £500,000 saving if IUS was used as an alternative to MRE or ileo-colonoscopy for patients suitable for the test with minimal missed pathology.114 However, in a METRIC trial sub-study, Taylor et al reported no significant differences in cost, outcomes and net monetary benefit overall between the two options in both newly diagnosed patients and those with suspected clinical relapse.60 

Data regarding the cost-benefit of incorporating POCUS into the clinic is required to determine if it reduces outpatient investigations and the number of clinical appointments. The potential cost savings must be compared with the capital cost of acquiring the machine and the time required for clinician training, as well as the increased time taken to perform POCUS during a clinic appointment.


Artificial intelligence 

The present interpretation of cross-sectional imaging relies upon subjective assessment by radiologists and is thus at risk of inter-observer variability. Advances in technology may permit automated or at least semi-automated intestinal segmentation that should reduce variability (Table 4).115 This, in turn, may result in the automated extraction of standardised clinically relevant parameters that assess CD activity.116-118 However, this is likely to be challenging, exemplified by two metanalyses that demonstrate that artificial intelligence (AI)-based solutions are far less often introduced to abdominal imaging compared to other imaging subspecialties.119, 120 Nevertheless, there are emerging data that show promise. In a cohort of 121 patients, Ding et al found a radiomics model to be objective and reproducible, and comparable to the MARIA performed by a senior radiologist.121 Liu et al developed a machine learning method for predicting ileal CD through radiomic features of bowel wall and mesenteric fat from T2-weighted MRE and compared its performance to expert radiologists.122 In their cohort of 135 patients, radiomic features could identify the presence of CD with 89.6% accuracy, compared to an accuracy of 83.7-88.1% of three expert radiologists with up to 14 years’ experience. In a pilot study, Chirra et al identified radiomic features from MRE that accurately stratified patients into high-risk and low-risk groups based on the need for surgery within 1 year of imaging.123 Combining radiomic features with clinical variables and the sMARIA produced a highly accurate multivariate prognostic model for predicting time to surgery. Translation of radiomics beyond the research setting and into clinical practice remains an ongoing challenge and future priority (Table 4).124  Carter and colleagues showed that deep learning using a convolutional neural network can accurately identify US signs of IBD activity.125 Such technology may help more inexperienced operators, with the potential to ultimately permit automated detection of bowel inflammation, and greater standardisation of US imaging interpretation. External validation in independent cohorts is the next step. 
 
Selecting between MRE and IUS

The decision regarding which cross-sectional technique to employ is multifaceted, and depends on patient characteristics, the clinical question, scanner and interpretative expertise availability, as well as patient preference.4, 126 In general, all tests have their strengths and limitations, and the question is not binary but rather which test is most suitable for a particular patient at a particular point in their disease course.126 Essentially, MRE and IUS are complementary in clinical practice. 

As with all imaging investigations, high-volume sites develop expertise in a particular test which is an important consideration as all tests have an interpretative learning curve. In general, CT, due to its use of ionising radiation, should be avoided outside the acute setting, especially for repeat/follow-up investigations.2, 13, 127, 128  Meta-analysis suggests US and MRE are broadly similar in terms of diagnostic accuracy,19, 129 although prospective multicentre head-to-head comparison suggests MRE has greater accuracy, particularly for staging the location of small bowel CD and is perhaps preferred at the time of diagnosis when the disease distribution and phenotype is first defined.9 IUS, however, tends to perform better in the colon. Both MRE and US have proven utility in disease follow-up and assessing treatment response and the simplicity, patient acceptability and immediacy of ultrasound (US), particularly at point-of-care, makes it an attractive option if available, especially in established non-complex disease phenotypes. IUS and MRE are also both highly effective for identifying intra-abdominal complications in CD.130, 131

An important consideration when selecting the most appropriate imaging investigation is patient experience and preference. In the METRIC trial, the burden of MRE, albeit low, was significantly greater than IUS.132 Recovery times for MRE were longer and patient willingness to undergo the test again also lower for MRE (91% vs 99% for IUS). Nevertheless, MRE was consistently rated as preferable to colonoscopy, and patients rated diagnostic accuracy as the most important test attribute. Similarly in an Australian study, IUS was considered to be highly acceptable and well‐tolerated by patients, and their preferred tool for monitoring CD.133-135  

We provide a potential algorithm for integrating MRE and IUS into routine clinical practice in Figure 2. For patients who are suspected of having a new diagnosis of CD, IUS is often preferred as a ‘screening’ tool, although MRE remains an appropriate choice, too.  For patients with known CD, MRE is generally favored for the diagnosis of relapse, especially in complex disease phenotypes, although IUS can also be used. Where there is concern for an acute abnormality, CT should be considered, particularly if this facilitates rapid diagnosis. For regular monitoring, during a course of therapy, for example, IUS is very well suited. In all instances, if the images from the IUS study are unsatisfactory, for instance due to body habitus or obscuration from bowel gas, MRE should be performed. 


Conclusions

There is overwhelming evidence that supports the role of cross-sectional imaging in diagnosing, monitoring, and assessing treatment response in CD. These non-invasive, radiation-free techniques are tolerated well by patients whilst being highly sensitive and specific, and their use is constantly evolving. External validation of activity scores in independent cohorts will help standardise reporting, and increase objectivity and reproducibility. Coupled with the plethora of technological advances, MRE and IUS are likely to contribute significantly to improved patient outcomes and the delivery of more personalised treatment in CD. A collaborative multispecialty approach with routine integrated clinics and close communication between the treating gastroenterologists and radiologists regarding all aspects of the patient’s imaging and management plan would be an effective means of achieving this outcome.


















































References


1	Lichtenstein GR, Loftus EV, Isaacs KL, et al. ACG Clinical Guideline: Management of Crohn's Disease in Adults. Am J Gastroenterol. 2018;113(4):481-517.
2	Lamb CA, Kennedy NA, Raine T, et al. British Society of Gastroenterology consensus guidelines on the management of inflammatory bowel disease in adults. Gut. 2019;68(Suppl 3):s1-s106.
3	Turner D, Ricciuto A, Lewis A, et al. STRIDE-II: An Update on the Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE) Initiative of the International Organization for the Study of IBD (IOIBD): Determining Therapeutic Goals for Treat-to-Target strategies in IBD. Gastroenterology. 2021;160(5):1570-1583.
4	Buisson A, Gonzalez F, Poullenot F, et al. Comparative Acceptability and Perceived Clinical Utility of Monitoring Tools: A Nationwide Survey of Patients with Inflammatory Bowel Disease. Inflamm Bowel Dis. 2017;23(8):1425-1433.
5	Morgan S, Alexakis C, Medcalf L, et al. Colonoscopy in patients with inflammatory bowel disease: self-reported experience, understanding, anxieties and tolerance of the procedure [version 1; peer review: 3 approved with reservations]. F1000Research. 2015;4(927).
6	Rogler G, Singh A, Kavanaugh A, et al. Extraintestinal Manifestations of Inflammatory Bowel Disease: Current Concepts, Treatment, and Implications for Disease Management. Gastroenterology. 2021;161(4):1118-1132.
7	Kumar S, Pollok R, Goldsmith D. Renal and Urological Disorders Associated With Inflammatory Bowel Disease. Inflamm Bowel Dis. 2022.
8	Rimola J, Rodriguez S, Garcia-Bosch O, et al. Magnetic resonance for assessment of disease activity and severity in ileocolonic Crohn's disease. Gut. 2009;58(8):1113-1120.
9	Taylor SA, Mallett S, Bhatnagar G, et al. Diagnostic accuracy of magnetic resonance enterography and small bowel ultrasound for the extent and activity of newly diagnosed and relapsed Crohn's disease (METRIC): a multicentre trial. Lancet Gastroenterol Hepatol. 2018;3(8):548-558.
10	Zakeri N, Pollok RC. Diagnostic imaging and radiation exposure in inflammatory bowel disease. World J Gastroenterol. 2016;22(7):2165-2178.
11	Chatu S, Subramanian V, Pollok RC. Meta-analysis: diagnostic medical radiation exposure in inflammatory bowel disease. Aliment Pharmacol Ther. 2012;35(5):529-539.
12	Lovett GC, Schulberg JD, Hamilton AL, et al. Intestinal Ultrasound and MRI for Monitoring Therapeutic Response in Luminal Crohn's Disease: A Systematic Review. J Am Coll Radiol. 2023.
13	Maaser C, Sturm A, Vavricka SR, et al. ECCO-ESGAR Guideline for Diagnostic Assessment in IBD Part 1: Initial diagnosis, monitoring of known IBD, detection of complications. J Crohns Colitis. 2019;13(2):144-164.
14	Neurath MF, Vieth M. Different levels of healing in inflammatory bowel diseases: mucosal, histological, transmural, barrier and complete healing. Gut. 2023;72(11):2164-2183.
15	Tolan DJ, Greenhalgh R, Zealley IA, et al. MR enterographic manifestations of small bowel Crohn disease. Radiographics : a review publication of the Radiological Society of North America, Inc. 2010;30(2):367-384.
16	Singh A, Midha V, Kochhar GS, et al. Management of Perianal Fistulizing Crohn's Disease. Inflamm Bowel Dis. 2023.
17	Crowley E, Ma C, Guizzetti L, et al. Recommendations for Standardizing MRI-based Evaluation of Perianal Fistulizing Disease Activity in Pediatric Crohn's Disease Clinical Trials. Inflamm Bowel Dis. 2023.
18	Panes J, Bouzas R, Chaparro M, et al. Systematic review: the use of ultrasonography, computed tomography and magnetic resonance imaging for the diagnosis, assessment of activity and abdominal complications of Crohn's disease. Aliment Pharmacol Ther. 2011;34(2):125-145.
19	Puylaert CA, Tielbeek JA, Bipat S, et al. Grading of Crohn's disease activity using CT, MRI, US and scintigraphy: a meta-analysis. Eur Radiol. 2015;25(11):3295-3313.
20	Jensen MD, Ormstrup T, Vagn-Hansen C, et al. Interobserver and intermodality agreement for detection of small bowel Crohn's disease with MR enterography and CT enterography. Inflamm Bowel Dis. 2011;17(5):1081-1088.
21	Bhatnagar G, Mallett S, Quinn L, et al. Interobserver variation in the interpretation of magnetic resonance enterography in Crohn's disease. Br J Radiol. 2022:20210995.
22	Ordas I, Rimola J, Rodriguez S, et al. Accuracy of magnetic resonance enterography in assessing response to therapy and mucosal healing in patients with Crohn's disease. Gastroenterology. 2014;146(2):374-382 e371.
23	Rao N, Kumar S, Taylor S, et al. Diagnostic pathways in Crohn's disease. Clin Radiol. 2019;74(8):578-591.
24	Guglielmo FF, Anupindi SA, Fletcher JG, et al. Small Bowel Crohn Disease at CT and MR Enterography: Imaging Atlas and Glossary of Terms. Radiographics : a review publication of the Radiological Society of North America, Inc. 2020;40(2):354-375.
25	Kucharzik T, Tielbeek J, Carter D, et al. ECCO-ESGAR Topical Review on Optimizing Reporting for Cross-Sectional Imaging in IBD. J Crohns Colitis. 2021.
26	Bruining DH, Zimmermann EM, Loftus EV, Jr., et al. Consensus Recommendations for Evaluation, Interpretation, and Utilization of Computed Tomography and Magnetic Resonance Enterography in Patients With Small Bowel Crohn's Disease. Radiology. 2018;286(3):776-799.
27	Wilkens R, Novak KL, Maaser C, et al. Relevance of monitoring transmural disease activity in patients with Crohn's disease: current status and future perspectives. Therap Adv Gastroenterol. 2021;14:17562848211006672.
28	Grand DJ, Deepak P, Rimola J. MRE Evaluation of Intestinal Inflammation: Qualitative and Quantitative Assessment. Top Magn Reson Imaging. 2021;30(1):13-22.
29	Zappa M, Stefanescu C, Cazals-Hatem D, et al. Which magnetic resonance imaging findings accurately evaluate inflammation in small bowel Crohn's disease? A retrospective comparison with surgical pathologic analysis. Inflamm Bowel Dis. 2011;17(4):984-993.
30	Jairath V, Ordas I, Zou G, et al. Reliability of Measuring Ileo-Colonic Disease Activity in Crohn's Disease by Magnetic Resonance Enterography. Inflamm Bowel Dis. 2018;24(2):440-449.
31	Coimbra AJ, Rimola J, O'Byrne S, et al. Magnetic resonance enterography is feasible and reliable in multicenter clinical trials in patients with Crohn's disease, and may help select subjects with active inflammation. Aliment Pharmacol Ther. 2016;43(1):61-72.
32	Hanzel J, Jairath V, Ma C, et al. Responsiveness of Magnetic Resonance Enterography Indices for Evaluation of Luminal Disease Activity in Crohn's Disease. Clin Gastroenterol Hepatol. 2022.
33	Rimola J, Ordas I, Rodriguez S, et al. Magnetic resonance imaging for evaluation of Crohn's disease: validation of parameters of severity and quantitative index of activity. Inflamm Bowel Dis. 2011;17(8):1759-1768.
34	Rimola J, Alvarez-Cofino A, Perez-Jeldres T, et al. Comparison of three magnetic resonance enterography indices for grading activity in Crohn's disease. J Gastroenterol. 2017;52(5):585-593.
35	Williet N, Jardin S, Roblin X. The Simplified Magnetic Resonance Index of Activity (MARIA) for Crohn's Disease Is Strongly Correlated With the MARIA and Clermont Score: An External Validation. Gastroenterology. 2020;158(1):282-283.
36	Ordas I, Rimola J, Alfaro I, et al. Development and Validation of a Simplified Magnetic Resonance Index of Activity for Crohn's Disease. Gastroenterology. 2019;157(2):432-439 e431.
37	Steward MJ, Punwani S, Proctor I, et al. Non-perforating small bowel Crohn's disease assessed by MRI enterography: derivation and histopathological validation of an MR-based activity index. Eur J Radiol. 2012;81(9):2080-2088.
38	Tao Y, Li H, Xu H, et al. Can the simplified magnetic resonance index of activity be used to evaluate the degree of activity in Crohn's disease? BMC Gastroenterol. 2021;21(1):409.
39	Lee WE, Weng MT, Wei SC, et al. Comparison of the magnetic resonance scoring systems for Crohn's disease activity: MaRIA, simplified MaRIA, and Nancy scores. Abdom Radiol (NY). 2023;48(7):2228-2236.
40	Roseira J, Ventosa AR, de Sousa HT, et al. The new simplified MARIA score applies beyond clinical trials: A suitable clinical practice tool for Crohn's disease that parallels a simple endoscopic index and fecal calprotectin. United European Gastroenterol J. 2020;8(10):1208-1216.
41	Capozzi N, Ordas I, Fernandez-Clotet A, et al. Validation of the Simplified Magnetic Resonance Index of Activity [sMARIA] Without Gadolinium-enhanced Sequences for Crohn's Disease. J Crohns Colitis. 2020;14(8):1074-1081.
42	Fernandez-Clotet A, Sapena V, Capozzi N, et al. Avoiding contrast-enhanced sequences does not compromise the precision of the simplified MaRIA for the assessment of non-penetrating Crohn's disease activity. Eur Radiol. 2022;32(5):3334-3345.
43	Kumar S, Parry T, Mallett S, et al. Diagnostic Performance of Magnetic Resonance Enterography Disease Activity Indices Compared with a Histological Reference Standard for Adult Terminal Ileal Crohn's Disease: Experience from the METRIC Trial. J Crohns Colitis. 2022;16(10):1531-1539.
44	Puylaert CAJ, Nolthenius CJT, Tielbeek JAW, et al. Comparison of MRI Activity Scoring Systems and Features for the Terminal Ileum in Patients With Crohn Disease. AJR Am J Roentgenol. 2019;212(2):W25-W31.
45	Hordonneau C, Buisson A, Scanzi J, et al. Diffusion-weighted magnetic resonance imaging in ileocolonic Crohn's disease: validation of quantitative index of activity. Am J Gastroenterol. 2014;109(1):89-98.
46	Buisson A, Pereira B, Goutte M, et al. Magnetic resonance index of activity (MaRIA) and Clermont score are highly and equally effective MRI indices in detecting mucosal healing in Crohn's disease. Dig Liver Dis. 2017;49(11):1211-1217.
47	Caron B, Jairath V, Laurent V, et al. Defining magnetic resonance imaging treatment response and remission in Crohn's disease: a systematic review. J Crohns Colitis. 2023.
48	Bots S, Nylund K, Lowenberg M, et al. Ultrasound for Assessing Disease Activity in IBD Patients: A Systematic Review of Activity Scores. J Crohns Colitis. 2018;12(8):920-929.
49	Huang Z, Cheng W, Chao K, et al. Baseline and Postinduction Intestinal Ultrasound Findings Predict Long-term Transmural and Mucosal Healing in Patients With Crohn's Disease. Inflamm Bowel Dis. 2023.
50	Chavannes M, Hart L, Hayati Rezvan P, et al. Bedside Intestinal Ultrasound Predicts Disease Severity and the Disease Distribution of Pediatric Patients With Inflammatory Bowel Disease: A Pilot Cross-sectional Study. Inflamm Bowel Dis. 2023.
51	Allocca M, Craviotto V, Bonovas S, et al. Predictive Value of Bowel Ultrasound in Crohn's Disease: A 12-Month Prospective Study. Clin Gastroenterol Hepatol. 2022;20(4):e723-e740.
52	Allocca M, Craviotto V, Dell'Avalle C, et al. Bowel ultrasound score is accurate in assessing response to therapy in patients with Crohn's disease. Aliment Pharmacol Ther. 2022;55(4):446-454.
53	Saevik F, Eriksen R, Eide GE, et al. Development and Validation of a Simple Ultrasound Activity Score for Crohn's Disease. J Crohns Colitis. 2021;15(1):115-124.
54	Novak KL, Nylund K, Maaser C, et al. Expert Consensus on Optimal Acquisition and Development of the International Bowel Ultrasound Segmental Activity Score [IBUS-SAS]: A Reliability and Inter-rater Variability Study on Intestinal Ultrasonography in Crohn's Disease. J Crohns Colitis. 2021;15(4):609-616.
55	Freitas M, de Castro FD, Macedo Silva V, et al. Ultrasonographic scores for ileal Crohn's disease assessment: Better, worse or the same as contrast-enhanced ultrasound? BMC Gastroenterol. 2022;22(1):252.
56	Wang L, Xu C, Zhang Y, et al. External validation and comparison of simple ultrasound activity score and international bowel ultrasound segmental activity score for Crohn's disease. Scand J Gastroenterol. 2023;58(8):883-889.
57	Xu C, Li L, Zhang Y, et al. Diagnostic accuracy of different cross-sectional imaging techniques for disease location and activity in Crohn's disease and external validation and comparison of MARIAs and IBUS-SAS. Abdom Radiol (NY). 2023;48(3):821-832.
58	Dragoni G, Gottin M, Innocenti T, et al. Correlation of Ultrasound Scores with Endoscopic Activity in Crohn's Disease: A Prospective Exploratory Study. J Crohns Colitis. 2023;17(9):1387-1394.
59	Kumar S, Parry T, Mallett S, et al. Diagnostic performance of sonographic activity scores for adult terminal ileal Crohn's disease compared to magnetic resonance and histological reference standards: experience from the METRIC trial. Eur Radiol. 2024;34(1):455-464.
60	Taylor SA, Mallett S, Bhatnagar G, et al. Magnetic resonance enterography compared with ultrasonography in newly diagnosed and relapsing Crohn's disease patients: the METRIC diagnostic accuracy study. Health technology assessment. 2019;23(42):1-162.
61	Bhatnagar G, Quinn L, Higginson A, et al. Observer agreement for small bowel ultrasound in Crohn's disease: results from the METRIC trial. Abdom Radiol (NY). 2020;45(10):3036-3045.
62	Bhatnagar G, Mallett S, Quinn L, et al. Influence of oral contrast type and volume on patient experience and quality of luminal distension at MR Enterography in Crohn's disease: an observational study of patients recruited to the METRIC trial. Eur Radiol. 2022;32(8):5075-5085.
63	Kumar S, Parry T, Mallett S, et al. Diagnostic performance of sonographic activity scores for adult terminal ileal Crohn's disease compared to magnetic resonance and histological reference standards: experience from the METRIC trial. Eur Radiol. 2023.
64	Deepak P, Fowler KJ, Fletcher JG, et al. Novel Imaging Approaches in Inflammatory Bowel Diseases. Inflamm Bowel Dis. 2019;25(2):248-260.
65	Park SH. DWI at MR Enterography for Evaluating Bowel Inflammation in Crohn Disease. AJR Am J Roentgenol. 2016;207(1):40-48.
66	Tielbeek JA, Ziech ML, Li Z, et al. Evaluation of conventional, dynamic contrast enhanced and diffusion weighted MRI for quantitative Crohn's disease assessment with histopathology of surgical specimens. Eur Radiol. 2014;24(3):619-629.
67	Choi SH, Kim KW, Lee JY, et al. Diffusion-weighted Magnetic Resonance Enterography for Evaluating Bowel Inflammation in Crohn's Disease: A Systematic Review and Meta-analysis. Inflamm Bowel Dis. 2016;22(3):669-679.
68	Pendse DA, Makanyanga JC, Plumb AA, et al. Diffusion-weighted imaging for evaluating inflammatory activity in Crohn's disease: comparison with histopathology, conventional MRI activity scores, and faecal calprotectin. Abdom Radiol (NY). 2017;42(1):115-123.
69	Watson T, Calder A, Barber JL. Quantitative bowel apparent diffusion coefficient measurements in children with inflammatory bowel disease are not reproducible. Clin Radiol. 2018;73(6):574-579.
70	Kim PH, Yoon HM, Jung AY, et al. Diagnostic Performance of Diffusion-weighted Imaging for Evaluation of Bowel Inflammation in Paediatric Inflammatory Bowel Disease: A Systematic Review and Meta-analysis. J Crohns Colitis. 2022;16(1):68-78.
71	Rimola J, Fernandez-Clotet A, Capozzi N, et al. ADC Values for Detecting Bowel Inflammation and Biologic Therapy Response in Patients With Crohn Disease: A Post-Hoc Prospective Trial Analysis. AJR Am J Roentgenol. 2023.
72	Dillman JR, Anupindi SA, Dane B. Proposal of an Abbreviated Noncontrast MR Enterography Protocol for Patients With Crohn Disease. AJR Am J Roentgenol. 2023.
73	Taylor SA, Avni F, Cronin CG, et al. The first joint ESGAR/ ESPR consensus statement on the technical performance of cross-sectional small bowel and colonic imaging. Eur Radiol. 2017;27(6):2570-2582.
74	Starekova J, Pirasteh A, Reeder SB. Update on Gadolinium Based Contrast Agent Safety, From the AJR Special Series on Contrast Media. AJR Am J Roentgenol. 2023.
75	Seo N, Park SH, Kim KJ, et al. MR Enterography for the Evaluation of Small-Bowel Inflammation in Crohn Disease by Using Diffusion-weighted Imaging without Intravenous Contrast Material: A Prospective Noninferiority Study. Radiology. 2016;278(3):762-772.
76	Bae H, Seo N, Kang EA, et al. Validation of the simplified magnetic resonance index of activity by using DWI without gadolinium enhancement to evaluate bowel inflammation in Crohn's disease. Eur Radiol. 2023;33(5):3266-3275.
77	Chatu S, Pilcher J, Saxena SK, et al. Diagnostic accuracy of small intestine ultrasonography using an oral contrast agent in Crohn's disease: comparative study from the UK. Clin Radiol. 2012;67(6):553-559.
78	Pallotta N, Vincoli G, Montesani C, et al. Small intestine contrast ultrasonography (SICUS) for the detection of small bowel complications in crohn's disease: a prospective comparative study versus intraoperative findings. Inflamm Bowel Dis. 2012;18(1):74-84.
79	Pallotta N, Civitelli F, Di Nardo G, et al. Small intestine contrast ultrasonography in pediatric Crohn's disease. The Journal of pediatrics. 2013;163(3):778-784 e771.
80	Kumar S, Hakim A, Alexakis C, et al. Small intestinal contrast ultrasonography for the detection of small bowel complications in Crohn's disease: correlation with intraoperative findings and magnetic resonance enterography. J Gastroenterol Hepatol. 2015;30(1):86-91.
81	Aloi M, Di Nardo G, Romano G, et al. Magnetic resonance enterography, small-intestine contrast US, and capsule endoscopy to evaluate the small bowel in pediatric Crohn's disease: a prospective, blinded, comparison study. Gastrointest Endosc. 2015;81(2):420-427.
82	Hakim A, Alexakis C, Pilcher J, et al. Comparison of small intestinal contrast ultrasound with magnetic resonance enterography in pediatric Crohn's disease. JGH Open. 2020;4(2):126-131.
83	Mocci G, Migaleddu V, Cabras F, et al. SICUS and CEUS imaging in Crohn's disease: an update. J Ultrasound. 2017;20(1):1-9.
84	Medellin-Kowalewski A, Wilkens R, Wilson A, et al. Quantitative Contrast-Enhanced Ultrasound Parameters in Crohn Disease: Their Role in Disease Activity Determination With Ultrasound. AJR Am J Roentgenol. 2016;206(1):64-73.
85	Ripolles T, Poza J, Suarez Ferrer C, et al. Evaluation of Crohn's Disease Activity: Development of an Ultrasound Score in a Multicenter Study. Inflamm Bowel Dis. 2021;27(1):145-154.
86	Saevik F, Nylund K, Hausken T, et al. Bowel perfusion measured with dynamic contrast-enhanced ultrasound predicts treatment outcome in patients with Crohn's disease. Inflamm Bowel Dis. 2014;20(11):2029-2037.
87	Horjus Talabur Horje CS, Bruijnen R, Roovers L, et al. Contrast Enhanced Abdominal Ultrasound in the Assessment of Ileal Inflammation in Crohn's Disease: A Comparison with MR Enterography. PLoS One. 2015;10(8):e0136105.
88	Wilkens R, Hagemann-Madsen RH, Peters DA, et al. Validity of Contrast-enhanced Ultrasonography and Dynamic Contrast-enhanced MR Enterography in the Assessment of Transmural Activity and Fibrosis in Crohn's Disease. J Crohns Colitis. 2018;12(1):48-56.
89	Ripolles T, Martinez-Perez MJ, Paredes JM, et al. The Role of Intravenous Contrast Agent in the Sonographic Assessment of Crohn's Disease Activity: Is Contrast Agent Injection Necessary? J Crohns Colitis. 2019;13(5):585-592.
90	Serafin Z, Bialecki M, Bialecka A, et al. Contrast-enhanced Ultrasound for Detection of Crohn's Disease Activity: Systematic Review and Meta-analysis. J Crohns Colitis. 2016;10(3):354-362.
91	Ripolles T, Martinez-Perez MJ, Blanc E, et al. Contrast-enhanced ultrasound (CEUS) in Crohn's disease: technique, image interpretation and clinical applications. Insights Imaging. 2011;2(6):639-652.
92	Menys A, Puylaert C, Tutein Nolthenius CE, et al. Quantified Terminal Ileal Motility during MR Enterography as a Biomarker of Crohn Disease Activity: Prospective Multi-Institution Study. Radiology. 2018;289(2):428-435.
93	Menys A, Makanyanga J, Plumb A, et al. Aberrant Motility in Unaffected Small Bowel is Linked to Inflammatory Burden and Patient Symptoms in Crohn's Disease. Inflamm Bowel Dis. 2016;22(2):424-432.
94	Cococcioni L, Fitzke H, Menys A, et al. Quantitative assessment of terminal ileum motility on MR enterography in Crohn disease: a feasibility study in children. Eur Radiol. 2021;31(2):775-784.
95	Dillman JR, Tkach JA, Imbus R, et al. MRI-Based Characterization of Intestinal Motility in Children and Young Adults With Newly Diagnosed Ileal Crohn Disease Treated by Biologic Therapy: A Controlled Prospective Study. AJR Am J Roentgenol. 2022;219(4):655-664.
96	Plumb AA, Menys A, Russo E, et al. Magnetic resonance imaging-quantified small bowel motility is a sensitive marker of response to medical therapy in Crohn's disease. Aliment Pharmacol Ther. 2015;42(3):343-355.
97	Noor NM, Verstockt B, Parkes M, et al. Personalised medicine in Crohn's disease. Lancet Gastroenterol Hepatol. 2020;5(1):80-92.
98	Halligan S, Boone D, Archer L, et al. Prognostic biomarkers to identify patients likely to develop severe Crohn's disease: a systematic review. Health technology assessment. 2021;25(45):1-66.
99	Fiorino G, Morin M, Bonovas S, et al. Prevalence of Bowel Damage Assessed by Cross-Sectional Imaging in Early Crohn's Disease and its Impact on Disease Outcome. J Crohns Colitis. 2017;11(3):274-280.
100	Jauregui-Amezaga A, Rimola J, Ordas I, et al. Value of endoscopy and MRI for predicting intestinal surgery in patients with Crohn's disease in the era of biologics. Gut. 2015;64(9):1397-1402.
101	Dane B, Qian K, Krieger R, et al. Correlation between imaging findings on outpatient MR enterography (MRE) in adult patients with Crohn disease and progression to surgery within 5 years. Abdom Radiol (NY). 2022.
102	Kumar S, Plumb A, Mallett S, et al. METRIC-EF: magnetic resonance enterography to predict disabling disease in newly diagnosed Crohn's disease-protocol for a multicentre, non-randomised, single-arm, prospective study. BMJ open. 2022;12(10):e067265.
103	Castiglione F, de Sio I, Cozzolino A, et al. Bowel wall thickness at abdominal ultrasound and the one-year-risk of surgery in patients with Crohn's disease. Am J Gastroenterol. 2004;99(10):1977-1983.
104	Radford SJ, Taylor S, Moran G. Ultrasound use to assess Crohn's disease in the UK: a survey of British Society of Gastroenterology Inflammatory Bowel Disease Group members. Frontline Gastroenterol. 2022;13(6):471-476.
105	Allocca M, Furfaro F, Fiorino G, et al. Point-of-Care Ultrasound in Inflammatory Bowel Disease. J Crohns Colitis. 2021;15(1):143-151.
106	Rispo A, de Sire R, Mainenti PP, et al. David Against Goliath: Direct Comparison of Handheld Bowel Sonography and Magnetic Resonance Enterography for Diagnosis of Crohn's Disease. Inflamm Bowel Dis. 2023;29(4):563-569.
107	Sathananthan D, Rajagopalan A, Van De Ven L, et al. Point-of-care gastrointestinal ultrasound in inflammatory bowel disease: An accurate alternative for disease monitoring. JGH Open. 2020;4(2):273-279.
108	Wright EK, Wang I, Wong D, et al. Accuracy of point-of-care intestinal ultrasound for Crohn's disease. Australas J Ultrasound Med. 2020;23(3):176-182.
109	Novak K, Tanyingoh D, Petersen F, et al. Clinic-based Point of Care Transabdominal Ultrasound for Monitoring Crohn's Disease: Impact on Clinical Decision Making. J Crohns Colitis. 2015;9(9):795-801.
110	Bots S, De Voogd F, De Jong M, et al. Point-of-care Intestinal Ultrasound in IBD Patients: Disease Management and Diagnostic Yield in a Real-world Cohort and Proposal of a Point-of-care Algorithm. J Crohns Colitis. 2022;16(4):606-615.
111	Atkinson NS, Bryant RV, Dong Y, et al. WFUMB Position Paper. Learning Gastrointestinal Ultrasound: Theory and Practice. Ultrasound in medicine & biology. 2016;42(12):2732-2742.
112	Madsen GR, Wilkens R, Boysen T, et al. The knowledge and skills needed to perform intestinal ultrasound for inflammatory bowel diseases-an international Delphi consensus survey. Aliment Pharmacol Ther. 2022;56(2):263-270.
113	Costantino A, Giunta M, Casazza G, et al. Is pocket-size ultrasound a reliable tool for bowel investigation? A study on its feasibility, reproducibility and diagnostic accuracy. Dig Liver Dis. 2020;52(1):38-43.
114	Luber RP, Petri B, Meade S, et al. Positioning intestinal ultrasound in a UK tertiary centre: significant estimated clinical role and cost savings. Frontline Gastroenterol. 2023;14(1):52-58.
115	Gao Y, Zhang B, Zhao D, et al. Automatic Segmentation and Radiomics for Identification and Activity Assessment of CTE Lesions in Crohn's Disease. Inflamm Bowel Dis. 2023.
116	Naziroglu RE, Puylaert CAJ, Tielbeek JAW, et al. Semi-automatic bowel wall thickness measurements on MR enterography in patients with Crohn's disease. Br J Radiol. 2017;90(1074):20160654.
117	Stidham RW, Enchakalody B, Waljee AK, et al. Assessing Small Bowel Stricturing and Morphology in Crohn's Disease Using Semi-automated Image Analysis. Inflamm Bowel Dis. 2020;26(5):734-742.
118	Mahapatra D, Schuffler PJ, Tielbeek JA, et al. Automatic Detection and Segmentation of Crohn's Disease Tissues From Abdominal MRI. IEEE transactions on medical imaging. 2013;32(12):2332-2347.
119	van Leeuwen KG, Schalekamp S, Rutten M, et al. Artificial intelligence in radiology: 100 commercially available products and their scientific evidence. Eur Radiol. 2021;31(6):3797-3804.
120	Mehrizi MHR, Gerritsen SH, de Klerk WM, et al. How do providers of artificial intelligence (AI) solutions propose and legitimize the values of their solutions for supporting diagnostic radiology workflow? A technography study in 2021. Eur Radiol. 2023;33(2):915-924.
121	Ding H, Li J, Jiang K, et al. Assessing the inflammatory severity of the terminal ileum in Crohn disease using radiomics based on MRI. BMC Med Imaging. 2022;22(1):118.
122	Liu RX, Li H, Towbin AJ, et al. Machine Learning Diagnosis of Small-Bowel Crohn Disease Using T2-Weighted MRI Radiomic and Clinical Data. AJR Am J Roentgenol. 2023:1-10.
123	Chirra P, Sharma A, Bera K, et al. Integrating Radiomics With Clinicoradiological Scoring Can Predict High-Risk Patients Who Need Surgery in Crohn's Disease: A Pilot Study. Inflamm Bowel Dis. 2023;29(3):349-358.
124	Akinci D'Antonoli T, Cavallo AU, Vernuccio F, et al. Reproducibility of radiomics quality score: an intra- and inter-rater reliability study. Eur Radiol. 2023.
125	Carter D, Albshesh A, Shimon C, et al. Automatized Detection of Crohn's Disease in Intestinal Ultrasound Using Convolutional Neural Network. Inflamm Bowel Dis. 2023;29(12):1901-1906.
126	Greenup AJ, Bressler B, Rosenfeld G. Medical Imaging in Small Bowel Crohn's Disease-Computer Tomography Enterography, Magnetic Resonance Enterography, and Ultrasound: "Which One Is the Best for What?". Inflamm Bowel Dis. 2016;22(5):1246-1261.
127	Kucharzik T, Tielbeek J, Carter D, et al. ECCO-ESGAR Topical Review on Optimizing Reporting for Cross-Sectional Imaging in Inflammatory Bowel Disease. J Crohns Colitis. 2022;16(4):523-543.
128	Ha J, Park SH, Son JH, et al. Is the Mixed Use of Magnetic Resonance Enterography and Computed Tomography Enterography Adequate for Routine Periodic Follow-Up of Bowel Inflammation in Patients with Crohn's Disease? Korean J Radiol. 2022;23(1):30-41.
129	Horsthuis K, Bipat S, Bennink RJ, et al. Inflammatory bowel disease diagnosed with US, MR, scintigraphy, and CT: meta-analysis of prospective studies. Radiology. 2008;247(1):64-79.
130	Pruijt MJ, de Voogd FAE, Montazeri NSM, et al. Diagnostic Accuracy of Intestinal Ultrasound in the Detection of Intra-Abdominal Complications in Crohn's Disease: A Systematic Review and Meta-Analysis. J Crohns Colitis. 2024.
131	Church PC, Turner D, Feldman BM, et al. Systematic review with meta-analysis: magnetic resonance enterography signs for the detection of inflammation and intestinal damage in Crohn's disease. Aliment Pharmacol Ther. 2015;41(2):153-166.
132	Miles A, Bhatnagar G, Halligan S, et al. Magnetic resonance enterography, small bowel ultrasound and colonoscopy to diagnose and stage Crohn's disease: patient acceptability and perceived burden. Eur Radiol. 2019;29(3):1083-1093.
133	Rajagopalan A, Sathananthan D, An YK, et al. Gastrointestinal ultrasound in inflammatory bowel disease care: Patient perceptions and impact on disease-related knowledge. JGH Open. 2020;4(2):267-272.
134	Dolinger MT, Aronskyy I, Kellar A, et al. Early Intestinal Ultrasound Response to Biologic Therapy Predicts Endoscopic Remission in Children with Ileal Crohn's Disease: Results from the Prospective Super Sonic Study. J Crohns Colitis. 2023.
135	Wang L, Zhang Y, Wu H, et al. Intestinal ultrasound score predicts therapeutic outcomes of infliximab in pediatric patients with Crohn's disease. Scand J Gastroenterol. 2023:1-8.













Tables


	Score
	Formula
	Variables

	sMARIA
	(1 x wall thickness > 3 mm) + (1 x wall oedema) + (1 x fat stranding) + (2 x ulcers)
	Wall thickness >3mm scores 1 point
Presence of oedema scores 1 point
Presence of fat stranding scores 1 point 
Presence of ulcers scores 2 points


	London
	1.79 + (1.34 x mural thickness) + (0.94 x mural T2 score)
	

	“Extended” London
	mural thickness + mural T2 score + perimural T2 signal + contrast enhancement
		
	0
	1
	2
	3

	Mural thickness
	1–3mm
	>3–5mm
	>5–7mm
	>7mm

	Mural T2 score
	Equivalent to normal bowel
wall
	Minor increase in signal-bowel
wall appears dark grey on fat
saturated images
	Moderate increase in
signal-bowel wall appears light
grey on fat saturated images
	Marked increase in
signal-bowel wall contains
areas of white high signal
approaching that of luminal
content

	Perimural T2 signal
	Equivalent to normal
mesentery
	Increase in mesenteric signal
but no fluid
	Small fluid rim (≤2mm)
	Larger fluid rim (>2mm)

	Enhancement
	Equivalent to normal bowel
wall
	Minor enhancement – bowel
wall signal greater than normal
small bowel but significantly
less than nearby vascular
structures
	Moderate enhancement –
bowel wall signal increased but
somewhat less than nearby vascular
structures
	Marked enhancement – bowel
wall signal approaches that of
nearby vascular structures




	BUSS
	0.75 x bowel wall thickness + 1.65 x bowel wall flow
	Bowel wall thickness in mm 

Bowel wall flow – defined as (0) absence or (1) presence of vascular signals at colour Doppler 


	SUS-CD
	bowel wall thickness + colour Doppler score
		
	0
	1
	2
	3

	Bowel wall thickness
	<3mm
	3-4.9mm
	5-7.9mm
	≥8mm


	Colour Doppler score 
	No or single vessel per cm2
	2-5 vessels per cm2
	>5 vessels per cm2
	NA




	IBUS-SAS
	4 × bowel wall thickness + 15 × inflammatory fat + 7 × colour Doppler score + 4 × bowel wall stratification
	Bowel wall thickness in mm 

	
	0
	1
	2
	3

	Inflammatory fat
	Absent
	Uncertain
	Present
	NA

	Colour Doppler score 
	Absent
	Short signal
	Long signals inside bowel
	Long signals inside and outside bowel

	Bowel wall stratification
	Normal
	Uncertain
	Focal (≤ 3 cm)
	Extensive (> 3 cm)






Table 1. Selected MRE and IUS activity scores.

BUSS – bowel ultrasound score

sMARIA – simplified magnetic resonance index of activity 

SUS-CD – simple ultrasound score for Crohn’s disease

IBUS-SAS – International bowel ultrasound segmental activity score







	Study
	Reference standard
	Sample size/Number of centres/Number of readers
	Scoring system evaluated 
	Treatment/time of repeat evaluation 
	Main results
	Strengths
	Limitations

	Puylaert et al, 2019 44
	eAIS/CDEIS
	98 patients, all TI segments/2/2
	London
	NA
	Sensitivity for active disease = 79%/82%

Specificity for active disease = 63%/71%
	Two robust reference standards

	Only TI assessed 

Expert readers

No assessment of responsiveness

	Capozzi et al, 2020 41
	CDEIS
	50 patients, 42 TI segments, 228 colonic segments at baseline, 39 patients at time of reassessment/1/2
	sMARIA
	TNF inhibitors, Vedolizumab, Ustekinumab/46 weeks
	Sensitivity at baseline for active/severe disease/treatment responsiveness = 88.9%/ 86.9%/89.5%

Specificity at baseline for active/severe disease/ treatment responsiveness = 93.4%/91.9%/87.5% 


	Robust reference standard

Assessment at baseline and following treatment
	No patients with mild CD

Single centre

	Hanzel et al, 2022 32 
	CDEIS
	41 patients, 18 TI segments, 11 colonic segments, 12 ilecolonic segments/1/3
	sMARIA
	Adalimumab, Infliximab, Vedolizumab, Corticosteroids/12-14 weeks
	SES for sMARIA = 1.17 (95% CI, 0.56–1.77), London = 0.85 (95% CI, 0.31–1.39), “extended” London = 0.95 (95% CI, 0.38–1.51)

	Robust reference standard

Assessment at baseline and following treatment
	Single centre

Different drugs

Expert readers

	Kumar et al, 2022 43
	HAI
	111 patients, all TI segments/7/26
	sMARIA, London, “extended” London
	NA
	Sensitivity for active disease sMARIA/London/“extended”London = 83%/76%/81%

Specificity for active disease sMARIA/London/“extended”London = 41%/64%/41%

Sensitivity/specificity of sMARIA for severe disease = 84%/53%
	Numerous centres and readers

Not highly specalised readers 
	Histological reference standard

No assessment of responsiveness

	Dragoni et al, 2023 58
	SES-CD, Rutgeerts score in case of bowel resection
	73 patients, 21 ileal segments, 5 colonic segments, 47 ileocolonic segments/1/1
	IBUS-SAS, BUSS, SUS-CD
	NA
	Sensitivity for active disease
IBUS-SAS/BUSS/SUS-CD = 82.2%/91.1%/93.3%

Specificity for active disease 
IBUS-SAS/BUSS/SUS-CD = 100%/82.1%/71.4%

	Robust reference standard

	Single expert reader

No assessment of responsiveness

	Kumar et al, 2024 59
	HAI/sMARIA
	111 patients for the histology reference, 284 for the MRE reference standard, all TI segments/8/19
	SUS-CD, BUSS
	NA
	Against histology, sensitivity/specificity:
SUS-CD = 79%/50%
BUSS = 66%/68%

Against MRE, sensitivity/specificity:
SUS-CD = 81%/75%
BUSS = 68%/85%
	Numerous centres and readers 

Not highly specalised readers

Two reference standards


	No assessment of responsiveness




Table 2. Prospective external validation of selected MRE and IUS scoring systems.

BUSS – bowel ultrasound score

CD – Crohn’s disease

CDEIS – Crohn’s disease endoscopic index of severity 

eAIS – endoscopic activity index score

IBUS-SAS – International bowel ultrasound segmental activity score


NA – not applicable

SES-CD – simple endoscopic score for Crohn’s disease

sMARIA – simplified magnetic resonance index of activity 

SUS-CD – simple ultrasound score for Crohn’s disease

TI – terminal ileum 

TNF – tumour necrosis factor 











































	Reference
	Objective
	Number of participants
	Study details
	Results
	Interpretation

	Taylor et al 9
	To compare the diagnostic accuracy of MRE and US for SB CD 
	284 (133 ND, 151 SR)
	Prospective multicentre cohort study
	Sensitivity/Specificity for SB disease presence:
MRE = 97% (91–99) / 96% (86–99)  

IUS = 92% (84–96) / 84% (65–94) 


Sensitivity/Specificity for SB disease extent:
MRE = 80% (72–86) / 95% (85–98)

IUS = 70% (62–78) / 81% (64–91)
	Both MRE and US have high sensitivity for detecting SB disease presence 

	Bhatnagar et al 21
	To assess the interobserver variability for diagnosis of disease presence and extent of small bowel and colonic CD using MRE
	73 consecutive patients (28 ND, 45 SR)
	MRE read independently by 3 radiologists 
	Agreement for small bowel disease presence for ND /SR:
 68% (κ = 0.36) / 78% (κ = 0.56) 

Agreement for colonic disease presence for ND /SR:

43% (κ = 0.14) / 53% (κ = 0.07)

Agreement for colonic disease for ND/SR: presence was 61% (κ = 0.21 fair agreement) for ND/ 60% (κ = 0.20, slight agreement) for SR
	There is a reasonable agreement between radiologists for small bowel disease presence using MRE for newly diagnosed Crohn’s disease, and patients with suspected relapse, respectively. Agreement is lower for disease extent.

	Bhatnagar et al 61
	To assess inter-observer variability for detection, extent and descriptive features of small bowel and colonic CD on IUS
	38 (11 ND, 26 SR)
	IUS performed by 6 practitioners 
	Agreement for small bowel disease presence for ND/SR:
82% (52–95), κ = 0.64 / 81%, κ 0.63 

Agreement for colonic disease presence for ND/SR:
64%, κ 0.27/ 78%, κ 0.56

Simple agreement between practitioners for disease presence:

SB = 84%
Colonic = 87% 
	There is substantial practitioner agreement for SBCD presence in ND and SR patients

	Bhatnagar et al 62
	To compare the distention quality and patient experience of oral mannitol and PEG for MRE.
	105
	Overall and segmental bowel distention assessed by 2 independent radiologists 
	Per patient distension quality rated as “excellent” or “good”:

Mannitol = 54% (37/68) PEG = 46% (17/37)

Jejunal distension rated as “excellent” or “good”:

Mannitol = 40% (27/68) PEG = 14% (5/37)

Symptom tolerability was comparable between agents.
	Mannitol-based solutions and PEG achieve comparable distension quality and side effect profiles. Jejunal distension is better quality with mannitol. Neither distension quality nor side-effect profile is altered by ingestion of more than 1 L of mannitol.

	Kumar et al 43
	To compare the sMARIA, London, and ‘extended’ London indices for quantifying terminal ileal CD activity using a histopathological reference standard 
	111 (75 ND, 36 SR)
	MRE activity indices were retrospectively derived
	Sensitivity/Specificity for active disease:
sMARIA = 83% / 41%
London = 76% / 64%
“extended” London = 81% / 41%

Sensitivity/specificity of sMARIA for severe disease: 
84%/53%
	Compared to a histological reference standard, all 3 indices were sensitive for active TI CD (sMARIA for severe disease), but specificity was lower.

	Kumar et al 63
	To compare SUS-CD and BUSS against histological and MRE reference standards 
	111 (75 ND, 36 SR) for the histology reference standard
284 (133 ND, 151 SR) for the MRE reference standard 
	IUS activity indices were retrospectively derived
	Against histology, sensitivity/specificity:
SUS-CD = 79% / 50%
BUSS = 66% / 68%

Against MRE, sensitivity/specificity:
SUS-CD = 81% / 75%
BUSS = 68% / 85%
	Particularly when compared to MRE activity scoring, SUS-CD and BUSS are promising tools in a real-world clinical setting.

	Miles et al 132
	To compare patient acceptability and burden of MRE and US to each other, and to colonoscopy.
	159
	Patients completed an experience questionnaire on the burden of the investigations
	Rated as very or fairly acceptable:
MRE = 88%
IUS = 99%
Colonoscopy = 60%

Recovery time:

MRE longer than IUS, but shorter than colonoscopy

Willingness to undergo repeat study:

Patients were less willing to undergo MRE again than US, but more willing than for colonoscopy.
	MRE and US are well tolerated. Although MRE generates greater burden, longer recovery and is less preferred than US, it is more acceptable than colonoscopy.

	Taylor et al 60
	To prospectively compare the diagnostic accuracy of SICUS and
conventional US for SBCD extent in
	64
	Patients had SICUS performed by the same practitioner who
performed their conventional US
	SB Disease extent sensitivity/specificity:

IUS and SICUS = 71% / 86%

Colonic disease extent sensitivity/specificity:

IUS = 13% / 82%
SICUS = 17% / 92%
	SICUS does not improve the accuracy for SB or colonic disease compared to IUS


Table 3. Selected findings and insights provided by the METRIC trial dataset. 

BUSS – bowel ultrasound score 

CD – Crohn’s disease

IUS – intestinal ultrasound 

MRE – magnetic resonance enterography 

ND – newly diagnosed

PEG – polyethylene glycol 

SB – small bowel

SICUS – small intestine contrast enhanced ultrasonography

sMARIA – simplified magnetic resonance index of activity

SR – suspected relapse 

































	To establish which individual MRE and IUS parameters are most useful for assessing disease activity in routine clinical practice to optimise time-effectiveness 

	More dedicated multicentre, multireader studies to validate currently available MRE and IUS activity scores for both initial diagnosis and monitoring treatment responsiveness

	Studies to better understand how to optimise MRE and IUS within clinical pathways to maximise diagnostic performance and influence clinical decision-making, whilst maintaining cost-effectiveness and taking into account patient preference

	Greater focusing of MRE protocols, thereby reducing the scan time

	Reduce the subjectivity of MRE and IUS interpretation

	Optimise training pathways to permit radiologists and gastroenterologists sufficient expertise in performing IUS/POCUS

	Studies to establish whether MRE and IUS has a role in prognostication, for example whether baseline imaging can predict those who will develop severe disease

	Translation of radiomics from the research setting to clinical practice 

	Development of parameters to allow quantification of small bowel motility on IUS

	To establish how other applications of artificial intelligence could improve the performance and efficiency of imaging e.g., automated segmentation of diseased bowel 



Table 4. Unanswered clinical and research priorities in the imaging of Crohn’s disease.

















Figure Legends

Figure 1. MRE (A-D) and IUS (E-F) images in a 56-year-old female with Crohn’s disease. 
A: Coronal T2 TRUFI image demonstrating bowel wall thickening at the terminal ileum and engorged vasa recta.
B: Axial T2 HASTE image showing mural oedema in the terminal ileum, perienteric fluid (long arrow) and fat wrapping.
C: Axial T2 HASTE image with fat saturation facilitates detection of the presence of both mural oedema and mesenteric oedema (short arrow).
D: Axial DWI (b600) image showing restricted diffusion in the inflamed terminal ileum.
E: Greyscale IUS image showing bowel wall thickening at the terminal ileum with loss of mural stratification and presence of fat wrapping (arrowheads).
F: Colour Doppler image demonstrating hyperaemia in the thickened terminal ileal wall extending into the hypertrophic mesenteric fat.

Figure 2. Proposed diagnostic algorithm.
- Suspicion of CD: mainly IUS
- Known CD: 
· Active relapse: IUS/MRE depending on disease phenotype; CT in acute setting
· Asymptomatic patients for monitoring: mostly IUS
At any point: additional MRE if IUS is not satisfactory.

