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Recently, cross-sectional imaging techniques have been increasingly shown as reliable tools for assessing

Inflammatory bowel diseases (IBD) activity. While computed tomography (CT) is hampered by radiation risks,

routine implementation of magnetic resonance enterography (MRE) for close monitoring is limited by its costs, low

availability and long examination time. Novel magnetic resonance imaging (MRI)-based techniques, such as

diffusion-weighted imaging (DWI), can overcome some of these weaknesses and have been shown as valuable

options for IBD monitoring. Bowel ultrasound (BUS) is a noninvasive, highly available, cheap, and well accepted

procedure that has been demonstrated to be as accurate as CS and MRE for assessing and monitoring disease

activity in IBD. Furthermore, as BUS can be quickly performed at the point-of-care, it allows for real-time clinical

decision making.

bowel ultrasound  inflammatory bowel disease  cross-sectional imaging

1. Introduction

Inflammatory bowel diseases (IBD), such as Crohn’s disease (CD) and ulcerative colitis (UC), are chronic,

recurrent and progressive inflammatory gastrointestinal disorders that can lead to invalidating complications .

Therapeutic strategies aiming merely at controlling symptoms have been demonstrated to fail in modifying the

natural course of these diseases. Thus, there has been a shift towards a treat-to-target approach based on a tight

control of the disease activity with close monitoring of intestinal inflammation through objective interval

assessments and therapy optimization whenever the therapeutic targets are not met . This strategy has been

proven able to impact on the disease course, improving long-term outcomes in IBD patients . Colonoscopy (CS)

is the gold standard for assessing disease activity and severity in IBD . Nevertheless, CS cannot entirely

assess and quantify the small bowel disease extension and detect any transmural and extramural CD activity,

including complications such as fistulas and abscesses . In addition, it is an expensive and invasive procedure

with the risk, although low, of bowel perforation, and its repetition over time is poorly tolerated by patients .

These limitations make CS an unsuitable tool for the frequent and repetitive monitoring required by the treat-to-

target strategy. Hence, noninvasive, cost-effective and easy-to-use options are strongly needed for the routine

care.

In the last few years, the use of cross-sectional imaging techniques for IBD assessment has significantly grown.

Computed tomography enterography (CTE) has been proven to have high accuracy for the detection of small

bowel disease extension and complications in CD, but its use is limited by radiation exposure . Magnetic
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resonance enterography (MRE) is currently the recommended procedure for evaluating the small bowel and

complications in CD, and it has been suggested as a potential alternative to CS for the assessment of both UC and

ileo-colonic CD . However, standard MRE is costly, time-consuming and not promptly accessible; in

addition, it requires bowel preparation and the intravenous injection of gadolinium as a contrast agent, which

carries the risk of adverse events such as allergic reactions and nephrogenic systemic fibrosis, and, therefore, it

can be scarcely accepted by patients . New magnetic resonance imaging (MRI)-based techniques can represent

an added value in the monitoring of IBD, overcoming some limitations of conventional MRE and providing further

information. Among these, diffusion-weighted imaging (DWI) has demonstrated good accuracy and reliability, but

lacks an adequate standardization of DWI scanners and procedures . In addition to CT and MRE, bowel

ultrasound (BUS) is an inexpensive, noninvasive, readily available and well tolerated procedure that does not

require either bowel preparation or contrast agent and can be performed at the point-of-care . It is as valuable

as CS and MRE for detecting disease activity and complications in IBD . 

2. Crohn’s Disease

2.1. Cross-Sectional Imaging Techniques in Crohn’s Disease

In CD, the inflammation typically develops transmurally, resulting in destructive complications such as strictures,

fistulas, and abscesses, requiring surgery over time in about half of patients . Cross-sectional imaging

techniques, including CTE, MRE and BUS, are required to assess and monitor the entire disease burden, including

the small bowel and transmural locations, as indicated by the European Crohn’s and Colitis Organization (ECCO)

and the European Society of Gastrointestinal and Abdominal Radiology (ESGAR) latest guidelines .

2.2. Computed Tomography Enterography for the Assessment of Disease Activity
and Complications

Several data are available on the accuracy of CTE in assessing disease activity and complications in CD. In a

systematic review by Panes et al., according to the high-quality standards required, 69 relevant prospective studies

were included . CTE was demonstrated as a valuable tool for assessing CD activity (overall sensitivity and

specificity of 81% and 88%, respectively) and for detecting stricturing and/or penetrating complications (sensitivity

and specificity higher than 80%) . Furthermore, a meta-analysis performed by Horsthuis et al. showed that CTE

has high accuracy in detecting CD (mean per-patient sensitivity and specificity were 84% and 95%, respectively;

mean per-bowel-segment sensitivity and specificity were 68% and 90%, respectively) . 

2.3. Magnetic Resonance Enterography

2.3.1. Assessment of Disease Activity and Complications

Horsthuis et al. in their meta-analyses reported MRE as reliable both for the diagnosis of suspected CD (both mean

per-patient sensitivity and specificity were 93%; mean per-bowel-segment sensitivity and specificity were 70% and
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94%, respectively) and for grading CD activity (per-patient and per segment accuracy grading were 84% and 67–

82%, respectively) .

Moreover, MRE has been demonstrated to be accurate for assessing CD activity (sensitivity 80% and specificity

82%) and for identifying fistulas, abscesses and strictures (sensitivity and specificity were 76% and 96%, 86% and

93%, and 89% and 94%, respectively) as reported by Panes et al. in their systematic review . Unlike CTE, MRE

is a radiation-free procedure, suitable for frequent restaging and monitoring young CD patients over the time.

Hence, it currently represents the gold standard investigation for assessing small bowel CD presence and

extension as well as transmural and extramural characteristics and complications . Furthermore, MRE has a

shorter recovery time and is considered more acceptable by CD patients in comparison to CS (88% vs. 60%, p <

0.001) . 

2.3.2. Monitoring and Prediction of Outcomes

A prospective study evaluated the accuracy of MRE in monitoring treatment responses in CD . MRE was shown

to identify ulcer healing (MaRIA score < 11) and mucosal healing (MH) (MaRIA score < 7) with 83% and 90% of

accuracy, respectively .

2.4. Diffusion Weighted Imaging

2.4.1. Assessing Disease Activity

Diffusion-weighted imaging (DWI) is a magnetic resonance (MR)-based technique that analyzes water molecules’

motion in the extracellular and intracellular compartments to provide image contrast. It can be performed without

the need for intravenous administration of gadolinium-based contrast agent. Due to restricted microscopic diffusion

of water molecules, a high enhancement diffusion signal and a low apparent diffusion coefficient (ADC) value have

been detected in inflamed bowel segments in IBD patients and allowed the identification of active CD .

2.4.2. Monitoring Patients

Thierry et al. conducted a prospective study on 96 CD patients undergoing DWI-MR before and after biological

therapy ; at the same time, CS was also performed in a subgroup of 20 patients . The total and the segmental

Nancy score significantly correlated with the total and the segmental CDEIS (r = 0.60, p < 0.0001; and r = 0.63, p <

0.0001, respectively) . 

2.5. Other New Magnetic Resonance Imaging-Based Techniques

Magnetization transfer (MT) is a novel MRI technique that provides contrast between protons in free water

molecules and protons in large macromolecules, such as collagen, without the administration of any intravenous

contrast agent. The MT signal of a specific tissue can be quantified by the MT ratio, which increases along with the

increase in collagen in that tissue. MT-based MR may, therefore, estimate the relative amount of fibrosis in a tissue

. The development of bowel wall strictures occurs in about 30% of CD patients and this complication requires
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medical, endoscopic or surgical therapy depending on the nature of the stricture. However, while strictures can be

accurately diagnosed by both CS and cross-sectional imaging techniques (BUS, CTE, MRE), no diagnostic

investigation has been proved efficient to discriminate the nature of the stricture (mainly fibrotic or mainly

inflammatory) and to establish the degree of fibrosis in the bowel wall .

3. Ulcerative Colitis—Cross-Sectional Imaging Techniques in
Ulcerative Colitis

In order to achieve proper disease control, in UC patients, tight and close monitoring of intestinal inflammation is

also required . Besides the improvement of symptoms, including rectal bleeding and loose stools, MH, defined by

a Mayo endoscopic subscore of 0 to 1, is designated as the target of treatment ; indeed, the achievement of MH

in UC has been found to be associated with long-term clinical remission and decreased need for surgery and

corticosteroid therapy . CS is currently the gold standard procedure for the assessment of MH in UC .

In recent years, the use of cross-sectional imaging techniques, including CTE, MRE and US, is increasingly rising

in UC.

3.1. Computed Tomography Enterography and Magnetic Resonance Enterography
for Assessing Disease Activity

CTE has been shown to have a moderate accuracy in assessing disease activity in UC . A comparison study

showed that CTE findings moderately correlated with UC severity (r = 0.612) defined by endoscopic evaluation .

Johnson et al. reported that CTE in UC patients detected colonic inflammation with an overall sensitivity of 74%

; of note, moderate and severe diseases were identified with a sensitivity of 93% . Similar to what has been

said for its role in CD, the use of CTE, despite reduced costs and high availability, is limited by radiation exposure,

especially for monitoring young patients over the disease course. Thus, CTE is the technique of choice to detect

acute complications, such as toxic megacolon, bowel perforation, intra-abdominal complications and post-operative

leaks .

3.2. Diffusion Weighted Imaging

3.2.1. Assessing Disease Activity

Very recently, DWI-MR has emerged as a highly accurate tool in detecting colonic inflammation in UC . An

observational study, carried out on the accuracy of DWI-MR imaging for assessing disease activity in 35 UC

patients without oral/rectal preparation and fasting demonstrated that the endoscopic activity was accurately

identified by a segmental Nancy score > 1 (sensitivity 89.4%, specificity 86.7%, AUROC, 0.92; p = 0.0001) . The

segmental and total Nancy scores agreed with the segmental and total modified endoscopic Baron scores (r =

0.659, p < 0.0001; and r = 0.813, p = 0.0001, respectively) .

3.2.2. Monitoring of Disease
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A recent study on a UC cohort evaluated the accuracy of the DWI Nancy score in assessing MH, defined by a

Mayo endoscopic subscore of 0 to 1, and the treatment response in a subgroup of subjects with active UC. MH

was reliably detected by a Nancy score < 7 (sensitivity 75%, specificity 67%, AUROC 0.72; p = 0.0063) . The

Nancy score has been shown to have good reliability (ICC 0.63) . 

3.3. Bowel Ultrasound

3.3.1. Assessing Disease Activity

Even if less investigated than in CD, recent data support the role of BUS in the management of UC patients. BUS

has great accuracy in detecting colonic inflammation in UC (sensitivity and specificity of 90% and 96% per-patient

analysis, and 74% and 93% per segment analysis, respectively) as endorsed by meta-analysis .

3.3.2. Predicting Outcomes and Monitoring

As concerns the ability of BUS to predict clinical outcomes, Parente et al. found that a severe BUS score (BWT > 6

mm and the presence of BWF) after three months of steroid therapy was predictive of a severe endoscopic activity

at 15 months (OR 9.1) .

Furthermore, MUC was shown to have a predictive value on UC course in both the short and the long period .

Indeed, a very recent study on UC patients, investigating BUS assessments in a follow-up period of at least one

year, identified a MUC > 6.2 as an independent predictor of need for treatment escalation at 12 months (OR

5.95; p < 0.020) . 
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