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Abstract: Endoscopy is the gold standard for objective assessment of colonic disease activity in
inflammatory bowel disease (IBD). Non-invasive colonic imaging using bowel ultrasound (US),
computed tomography (CT), and magnetic resonance imaging (MRI) may have a role in quantifying
colonic disease activity. We reviewed the diagnostic accuracy of these modalities for assessment of
endoscopically or histopathologically defined colonic disease activity in IBD. We searched Embase,
MEDLINE, and the Web of Science from inception to 20 September 2021. QUADAS-2 was used to
evaluate the studies” quality. A meta-analysis was performed using a bivariate model approach
separately for MRI and US studies only, and summary receiver operating characteristic (ROC) curves
were obtained. CT studies were excluded due to the absence of diagnostic test data. Thirty-seven
studies were included. The mean sensitivity and specificity for MRI studies was 0.75 and 0.91,
respectively, while for US studies it was 0.82 and 0.90, respectively. The area under the ROC curves
(AUC) was 0.88 (95% CI, 0.82 to 0.93) for MRI, and 0.90 (95% CI, 0.75 to 1.00) for US. Both MRI and
US show high diagnostic accuracy in the assessment of colonic disease activity in IBD patients.

Keywords: inflammatory bowel disease; Crohn’s disease; ulcerative colitis; colon; endoscopy;
ultrasonography; magnetic resonance imaging

1. Introduction

The global incidence of Inflammatory Bowel Disease (IBD) is rising, raising the disease
prevalence to 0.3% [1]. A considerable amount of IBD patients have colonic involvement,
so objective assessment of colonic inflammation is paramount for diagnosis, monitoring,
and clinical management [2].

A treat-to-target approach is advocated to ensure best long-term outcomes in IBD
patients [3]. Current recommendations based on the Selecting Therapeutic Targets in IBD
(STRIDE) program recommend an objective assessment as a target rather than symptom
resolution alone [4]. This is defined as an absence of ulceration for Crohn’s disease (CD) and
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an endoscopic Mayo score of 0 or 1 for ulcerative colitis (UC) on ileo-colonoscopy. However,
ileo-colonoscopy has limitations. It requires bowel preparation, can be uncomfortable, is
invasive and associated with rare but potentially serious risks such as perforation [5]. Only
60% of patients rate ileo-colonoscopy as an acceptable experience, with only 75% willing to
undergo the procedure repeatedly [6]. Moreover, after the procedure, patients require a
recovery period especially if needing sedation.

Non-invasive imaging tools using magnetic resonance imaging (MRI), computed
tomography (CT), or ultrasonography (US) are widely available, well tolerated [7], require
less intensive bowel preparation, and are routinely used to assess small bowel inflamma-
tion [8,9]. However, their utility in assessing colonic inflammation is less clear. Diagnostic
accuracy data relating to non-invasive colonic imaging are very limited. We systematically
searched the literature for studies reporting the diagnostic accuracy of non-invasive colonic
imaging, where either ileo-colonoscopy or histopathology was used as the gold-standard
technique and summarized our findings using meta-analyses.

2. Materials and Methods
2.1. Search Methods, Types of Studies, and Participants

A systematic literature review was undertaken to investigate the diagnostic accuracy
of non-invasive colonic imaging in both CD and UC. The preferred reporting items for
systematic reviews and meta-analyses (PRISMA) [10] guidelines were followed. The
search strategy was based on the patients, intervention, comparator, and outcomes (PICO)
framework model [11] (Table 1), and is summarized in Table S1 (Supplementary Materials)
together with the search terms. The search was conducted through three different databases:
Embase, MEDLINE, and the Web of Science, which were searched from inception to
20 September 2021. To avoid missing relevant references that might be excluded from
the search results in some databases, additional related studies from citation chaining of
reviews and meta-analysis were identified, and manually included.

Table 1. Patients, intervention, comparator, and outcomes (PICO).

PICO Framework
Participants Human (without any age limit)
Interventions Non-invasive colonic imaging, such as MRI, CT, and US
Comparator Colonoscopy or histology
Outcomes Measuring colonic inflammation

Pediatric and adult IBD patients were included, without age limit. We included
randomized controlled trials, and retrospective and prospective cross-sectional studies
including both case-control type accuracy studies and cohort type accuracy studies. Exclu-
sion criteria were animal or in vitro studies, studies not reported in English language, case
reports, reviews or systemic literature reviews, editorials and opinion pieces, meta-analysis,
and conference abstracts.

2.2. Index Tests and Target Conditions

Studies that examined the accuracy of non-invasive colonic imaging in IBD for detecting
endoscopic or histologically active UC or CD as a target condition were eligible. No restriction
was placed on the type of scoring systems that were used for the reference standard.

2.3. Data Collection and Analysis

Study selection was performed in two phases, after removing duplicate results in
EndNote X9 software (Clarivate Analytics, Philadelphia, PA, USA). The first phase in-
volved screening and filtering titles and abstracts of search results against inclusion and
exclusion criteria by two reviewers (MA and LM). During the second phase, two re-
viewers (LM and GM) independently assessed eligibility of full-text manuscripts of the
studies identified, recording the reasons for exclusions. Any discrepancies between the
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reviewers were resolved through discussion, until consensus was reached. A PRISMA
flowchart [10] summarizing the outcomes of this process was created. The review pro-
tocol was registered with the International Prospective Register of Systematic Reviews
(PROSPERO, CRD42020183914).

2.4. Risk of Bias Assessment

The quality of the studies was evaluated by two reviewers (MA, BA) independently
using a quality assessment tool for diagnostic accuracy studies (QUADAS-2) [12]. The
QUADAS tool involves 4 key domains that consider patient selection, index test, reference
standard, and flow of patients through the study and timing of the index tests and reference
standard (flow and timing).

2.5. Statistical Analysis and Data Synthesis

Raw data were extracted from the included studies in the form of a 2 x 2 table,
including the total number of segments as well as the numbers of true positives (TP), false
positives (FP), true negatives (TN), and false negatives (FN). The Revman software version
5.4 (Review Manager, the Cochrane Collaboration, Oxford, UK) was used to calculate TP, FP,
TN, and EN from reported sensitivity and specificity values if these were not immediately
available in the published literature.

A meta-analysis of diagnostic accuracy of both MRI and US raw data was conducted
using R “mada” package version 0.5.10 (R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria). Receiver operating
characteristic (ROC) curves were produced to depict the relationship between individual
and summarized values of specificity and sensitivity. Study heterogeneity was assessed
using the I? statistic. Sensitivity analyses using the random-effects model for between-
subgroup comparisons were conducted for the same raw data, excluding studies using
histopathology rather than endoscopic disease activity as the reference standard and by
IBD type, excluding UC studies due to insufficient number.

3. Results
3.1. Results of the Search

The literature search on 20 September 2021 yielded a total of 5113 publications from
three databases. After removing duplicate records, 4097 publications remained, which were
screened by title and abstract. This led to the exclusion of 3909 publications and the inclusion
of 188 publications for full-text assessment. One hundred and fifty-two publications were
excluded thereafter. Only one additional publication was included using citation chaining.
In total, 37 studies were included in the systematic review, as shown in the PRISMA flow
diagram (Figure 1) and summarized in Table S2 (Supplementary Materials).

These studies involved 23 prospective and 14 retrospective studies, investigating
CD in 20 studies, UC in 4 studies, and both CD and UC in 13 studies. Multiple disease
scoring systems were used. The modified Baron score was used in three studies [13-15], the
Simple Clinical Colitis Activity Index (SCCAI) in two studies [13,16], the CD Endoscopic
Index of Severity (CDEIS) in two studies [17,18], Crohn’s Disease Activity Index (CDAI) in
three studies [19-21], Pediatric Crohn’s Disease Activity Index (PCDAI) in one study [22],
Mayo Endoscopic Subscore (MES) in two studies [16,23], Truelove and Witts score in
two studies [21,24], and the Simple Endoscopic Score for CD (SES-CD) was used in four
studies [13,25-27] The performance of MRI and US was assessed in 24 and 17 studies,
respectively, while CT was assessed only in two studies hence excluding this imaging
modality from the meta-analyses. The diagnostic test values (TP, FP, TN, and FN) of
the colonic segments and the sensitivity and specificity values were not presented in all
the included studies. The meta-analyses were carried out only in two separate groups,
including 13 MRI studies [13,14,17,25,28-32] and 5 US studies [14,25,32,33], which they
had either the calculated TP, FP, TN, and FN or the reported sensitivity and specificity
values presented.
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Figure 1. Flow diagram of the systematic review search. Adapted from Moher et al. (2009) and
preferred reporting items for systematic reviews and meta-analyses (PRISMA) [10].

3.2. Risk of Bias Assessment

The results of the QUADAS-2 bias and applicability assessment are summarized
in Figure 2, while Table S3 (Supplementary Materials) documents the individual bias
scores for the seven domains for all included studies. The QUADAS-2 assessment showed
low/intermediate/risk of bias in a large proportion of the studies across the domains. Bias
in patient selection was low for 33 studies and high in 3 studies, while the flow and timing
was high risk in 10 studies and low in the rest of the included studies. Due to absence
of blinding in the methodology, the risk of bias in the index test and reference standard
was high in 6 studies and 15 studies, respectively. Moreover, the absence of any attempt
at central reading in endoscopic, radiological, and histopathological scoring introduces
variability and bias within the data set, which might lead to a heterogeneity across all
modalities. In some of these studies, the risks of bias in patient selection, the index test,
reference standard, and flow and timing were mostly high [22,34,35]. The index test results
were not interpreted without knowledge of the results of the reference standard, and
the lack of blinding or unclear blinding of endoscopists was observed in many different
studies [14,16,29,32,34-41]. In the majority of the studies, the timing between the index
test and the reference standard varied significantly [34,35,38,41], making the diagnostic
accuracy findings less homogenous [42]. Three studies did not have a consecutive or
random sample of patients enrolled [34,38,40].
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Figure 2. QUADAS-2 assessment of bias and applicability (graphical summary).

3.3. Diagnostic Accuracy for MRI

The diagnostic performance of MRI studies is presented in Table 2. Ileo-colonoscopy
was used as a reference standard in 11 studies and histopathology in 2 studies. Diagnostic
accuracy was investigated in CD in 11 studies and in UC in 2 studies. The performance
estimates of MRI are depicted in a Forest plot (Figure 3a), with related summary receiver
operating characteristic (ROC) curves (Figure 3b). The estimated mean sensitivity of the
13 combined studies was 0.75 (0.65; 0.83), whereas the specificity was 0.91 (0.83; 0.95). The
area under the ROC curve (AUC) was 0.88 (95% CI, 0.82 to 0.93). The diagnostic odds ratio
of each MRI study is shown in Figure Sla (Supplementary Materials).

100%

Table 2. Raw data of the included MRI studies, including true positives (TP), false positives (FP), false negatives (FN), true
negatives (TN), sensitivity (95% confidence intervals, CI), specificity (95% confidence intervals, CI), MRI platform used,
disease cohort studies (CD or UC), and reference standard used.

No. of

Sensitivity

Specificity (95%

Author Segments TP FP FN TN (95% CI) cD MRI Disease Ref Standard
Dillman 2011 [28] 149 44 8 23 74 0.65 [0.53; 0.76] 0.90 [0.81; 0.95] 15T CD Histopathology
Fiorino 2013 (1.5T) [17] 34 26 1 6 1 0.81 [0.63; 0.92] 0.50 [0.01; 0.98] 1.5T CD Ileo-colonoscopy
Fiorino 2013 (3T) [17] 32 26 1 4 1 0.86 [0.69; 0.96] 0.50 [0.01; 0.98] 3T CD Tleo-colonoscopy
Maccioni 2006 (T1) [30] 413 85 11 18 299 0.82[0.73; 0.89] 0.96 [0.93; 0.98] 15T1 CD Tleo-colonoscopy
Maccioni 2006 (T2) [30] 413 87 6 16 304 0.84 [0.76; 0.90] 0.98 [0.95; 0.99] 1.5T2 CD Tleo-colonoscopy
Maccioni 2014 [29] 300 112 7 8 173 0.93[0.87; 0.97] 0.96 [0.92; 0.98] 1.5T CD Ileo-colonoscopy
Oussalah 2010 (CD) [13] 61 27 1 23 10 0.54 [0.39; 0.68] 0.90 [0.58; 0.99] 1.5T CD Ileo-colonoscopy
Oussalah 2010 (UC) [13] 36 13 1 7 15 0.65 [0.40; 0.84] 0.93 [0.69; 0.99] 1.5T ucC Tleo-colonoscopy
Pascu 2004 (CD) [14] 37 6 2 10 19 0.37[0.15; 0.64] 0.90 [0.69; 0.98] 15T CD Tleo-colonoscopy
Pascu 2004 (UC) [14] 24 7 1 4 12 0.63 [0.30; 0.89] 0.92[0.63; 0.99] 1.5T ucC Tleo-colonoscopy
Taylor 2019 [31] 186 89 44 16 37 0.84 [0.76; 0.91] 0.45 [0.34; 0.57] 1.5T CD Ileo-colonoscopy
Vigano 2019 [32] 65 22 1 4 38 0.84[0.65;0.95]  0.97 [0.86; 0.99] 1.5T CcD Histopathology
Yuksel 2019 [25] 426 123 32 101 170 0.54 [0.48; 0.61] 0.84 [0.78; 0.88] 1.5T CD Tleo-colonoscopy

TP = true positive; FP = false positive; FN = false negative; TN = true negative.
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Figure 3. (a) Forest plot and (b) the summary receiver operating characteristic (ROC) curve illustrating the summary
operating point for the diagnostic performance of MRI.
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3.4. Diagnostic Accuracy for US

The diagnostic performance of US studies is presented in (Table 3). Ileo-colonoscopy
was used as a reference standard in four studies and histopathology in a single study.
Diagnostic accuracy was investigated in CD in four studies and in UC in a single study. The
performance estimates of US are depicted in a Forest plot (Figure 4a), with related summary
ROC curves (Figure 4b). The estimated mean sensitivity based on the five combined studies
was 0.82 (0.62; 0.92), whereas the specificity was 0.90 (0.87; 0.93). The area under the ROC
curve was 0.9 (95% CI, 0.75 to 1.00). The diagnostic odds ratio of each US study is shown in
Figure S1b (Supplementary Materials).

Table 3. Raw data of the included US studies including true positives (TP), false positives (FP), false negatives (FN), true
negatives (TN), sensitivity (95% confidence intervals, CI), specificity (95% confidence intervals, CI), disease cohort studies
(CD or UC), and reference standard used.

Author No. of Segments TP FP FN TN  Sensitivity (95% CI) Specificity (95% CI) IBD Type Ref Standard
Pascu 2004 (CD) [14] 37 13 1 5 18 0.7222 [0.4652; 0.9031] 0.9474 [0.7397; 0.9987] CD Ileo-colonoscopy
Pascu 2004 (UC) [14] 24 13 0 1 10 0.9286 [0.6613; 0.9982] 1.0000 [0.6915; 1.0000] ucC Ileo-colonoscopy
Jesus Martinez 2019 [33] 108 84 5 5 14 0.9438 [0.8737; 0.9815] 0.7368 [0.4880; 0.9085] CD Tleo-colonoscopy
Vigano 2019 [32] 65 32 2 6 25 0.8421 [0.6875; 0.9398] 0.9259 [0.7571; 0.9909] CD Histopathology
Yuksel 2019 [25] 426 94 20 97 215 0.4921[0.4192; 0.5653] 0.9149 [0.8716; 0.9472] CD Tleo-colonoscopy

TP = true positive; FP = false positive; FN = false negative; TN = true negative.

Sensitivity Specificity 2
© _|
o
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00 02 04 06 08 10
042 070 098 051 075 1.00 False Positive Rate
(@) (b)

Figure 4. (a) Forest plot and (b) the summary receiver operating characteristic (ROC) curve illustrating the summary
operating point for the diagnostic performance of US.

3.5. Between-Study Heterogeneity

The pooled analysis revealed a significant variation between MRI studies, which
was attributable to heterogeneity rather than chance (Sensitivity I?> = 86.5%, Specificity
2 =88.4%, p < 0.0001). For US studies, the sensitivity analysis revealed a significant
variation between studies (I> = 86.7%, p < 0.0001). At the same time, there was no indication
of heterogeneity in the specificity based on tau? (I? = 0.0%, p = 0.1810).

3.6. Sensitivity Analyses

Subgroup analysis was performed for CD studies only. The pooled estimates of mean
sensitivity and specificity including nine MRI studies were 0.77 (0.64; 0.86) and 0.89 (0.75;
0.95), respectively, while the estimated mean sensitivity and specificity based on four US
studies were 0.79 (0.56; 0.92) and 0.90 (0.86; 0.93), respectively.

To further explore the reasons of heterogeneity, another subgroup analysis was per-
formed excluding studies using histopathology as the reference standard. The performance
estimates of studies based solely on ileo-colonoscopy are represented in the summary ROC
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curve (MRI in Figure 5a and US in Figure 5b). The pooled estimates of mean sensitivity
and specificity based on the 11 MRI studies were 0.75 (0.64; 0.84) and 0.90 (0.79; 0.95), re-
spectively, while the area under the ROC curve was 0.86 (95% CI, 0.80, 0.92) after excluding
two histopathology studies. The estimated mean sensitivity and specificity based on the
four US studies was 0.82 (0.56; 0.94) and 0.90 (0.87; 0.93), respectively, while the AUC after
excluding one histopathology study was 0.89 (95% CI, 0.74 to 1.00).

o S
© © _|
o ] o
2> o |
g g 7 g o
B B
e =
$ g I ° $ g n
U IS ~
o ] o
= o _|
e T T T T T T e I I I T T T
00 02 04 06 08 1.0 00 02 04 06 08 1.0
False Positive Rate False Positive Rate
(a) (b)

Figure 5. (a) The summary receiver operating characteristic (ROC) curve of MRI studies excluding two
histopathology studies, (b) and summary ROC curve of US studies excluding one histopathology study.

4. Discussion

Symptomatic and endoscopic remission is the recommended treatment target proposed
by regulatory bodies [43,44], and in every day clinical IBD practice [4]. Ileo-colonoscopy
is invasive, uncomfortable, costly, and associated with complications. To minimize patient
impact, other biomarkers, such as C-reactive protein and fecal calprotectin have been de-
veloped and play a role in disease monitoring, but due to their relative lack of sensitivity
and correlation to disease extent and location [45], endoscopy remains the gold standard
for disease monitoring. Moreover, no other modality can provide histological sampling or
facilitate colorectal cancer surveillance.

In this study, we incorporated data from different studies and found that the pooled
sensitivity estimate was fair (76% for MRI and 82% for US). Concomitantly, the specificity
of both diagnostic modalities was excellent (91%), indicating a robust capacity for both
MRI and US to discriminate disease-free patients from those with active disease. This was
further corroborated by the pooled accuracy estimates of 88% for MRI and 90% for US. The
proximity of the combined estimate to the upper left corner of both ROCs (Figures 3 and 5)
emphasizes the ability of MRI and US to discriminate between endoscopic healing and
colonic inflammation. After excluding the histopathology studies, the pooled accuracy
estimates in the subgroup analyses of MRI and US were 86% and 89%, respectively. These
findings may potentially highlight a role for US- and MRI-based non-invasive colonic
imaging in predicting endoscopic-free remission in both CD and UC.

US has a major advantage of being able to provide a point-of-care assessment of colonic
disease activity that would facilitate and expedite decision making and may improve
disease outcomes. The accuracy, sensitivity, and specificity of US for CD recurrence were
estimated to be 91%, 94%, and 72%, respectively [33]. In newly diagnosed patients with
CD, US had higher sensitivity of 67% in regard to colonic CD presence when compared to
MRI (47%) [31]. US identified abnormal bowel segments in 41 out of 115 patients, which
were not visible on ileo-colonoscopy [46]. In addition, the sensitivity of US in the detection
of stricturing disease in patients with CD was 88%. These findings probably highlight the
ability of US to detect transmural inflammation, an inherent limitation of endoscopy.
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MRI can be a useful tool in assessing mucosal healing and treatment response in
patients with UC using 1.5T MRI platforms [16]. Combining standard MRI data sequences
with diffusion weighted imaging (DWI) may be useful in assessing colonic inflammation
in patients with UC, even without using oral contrast or rectal preparation. DWI has
shown the same accuracy as a post-contrast sequence for the evaluation of endoscopic
inflammation, which may substitute using gadolinium injection in detecting colonic in-
flammation [13]. MRI with a water-based enema can be used to assess disease activity in
the colon in patients who are not suitable for colonoscopy. This technique was utilized and
tolerated by the entire patient cohort who were investigated by Boraschi et al. [35].

MRI, including T2 weighted imaging (T2W), has shown to be accurate in the evaluation
of colonic CD lesions [29]. The comparison between T2W and T1W post-contrast sequences
showed the same high accuracy, ranging between 93% to 95% in detecting colonic CD [30],
with these findings being replicated in another cohort [47]. These results provide further
support to the possibility of performing contrast-free MRE, hence removing gadolinium-
related risks, such as allergy, renal dysfunction, and potential long-term deposits in the
central nervous system. Moreover, T2W images to date have all been mainly 2D and
qualitatively assessed. Quantitative T2W image is a step-change that now allows more
objective and reproducible disease assessments that should enhance the performance of
MRI in the non-invasive measurement of colonic inflammation [48,49].

There are several limitations to this study that should be acknowledged. In this study,
studies with different methodological design were pooled: retrospective, prospective,
cohort studies, and cross-sectional studies. The meta-analysis did not include PET/MRI
studies, which assessed the inflammation in IBD. However, many of the studies analyzed
were not designed to look only at colonic imaging. The majority of studies specifically
pertaining to US are retrospective in design, with only one study having a large prospective
multi-center design setting [9]. Most studies were undertaken in CD with only a handful in
UC, and none compared the diagnostic accuracy across the various colonic segments. Due
to the relatively small UC sample size, both disease types were grouped in a single IBD
cohort. However, a subgroup analysis was carried out for the CD cohort only, including
MRI and US studies separately, which showed almost the same specificity for MRI and
US compared to the single IBD cohort analysis, while no significant differences were
found in the sensitivity (77% for MRI and 79% for US). Moreover, endoscopic, US, and
MRI assessments are heterogenous, with a lack of central reading and using a number
of partially validated scores that may limit the reproducibility of the findings across all
modalities. Similarly, histopathological assessment was undertaken by local pathologists
and without using any validated scoring systems [28,32,34,50]. Histopathology scoring
using validated measures was not available for all studies. Nevertheless, a subsequent
sensitivity analysis precluding histopathology scoring did not have a major effect on the
diagnostic accuracy of both US and MRE. There were risks of bias from the studies included.
The major risks were related to a lack of blinding or unclear blinding of endoscopists, lack
of a consecutive or random sample of patients enrolled, and a lack of an appropriate
interval between imaging and endoscopy. Moreover, only two studies investigated the
use of CT for colonic disease assessment, hence limiting the meta-analysis to MRI and
US studies.

Histological remission in UC patients has been considered a predictor of sustainable
corticosteroid-free remission, and has been associated with reduced hospitalization and
surgeries [51]. Some of the studies analyzed used this as a gold standard of disease
activity [16], but this was in a minority. Future studies aiming to validate the role of
non-invasive imaging in the assessment of colonic inflammation need to have a prospective
design, initially with a single center setting and consequently with a multi-center design,
with further work streams assessing inter-observer variability, repeatability, reproducibility,
and reversibility of such measures [52]. Quantitative T2W imaging, together with 3D or
multiple slice imaging and more automated analyses will invariably decrease bias and
variability within these readouts. Furthermore, such studies should aim to investigate
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the performance of such platforms in CD and UC separately, while undertaking further
analyses to investigate the effect of segmental disease location in the colon on overall
diagnostic accuracy.

5. Conclusions

In conclusion, both MRI and US have shown good diagnostic accuracy in the assess-
ment of colonic inflammation in IBD patients. These non-invasive imaging tools could
be used to monitor disease activity and response to therapy in IBD patients, especially in
cases where colonoscopy is incomplete or not possible to be performed.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/diagnostics11101926/s1, Figure S1: Diagnostic odds ratio (DOR) of MRI and US across all
studies, Table S1: Search strategy that used in the systematic review, Table S2: Search strategy that
used in the systematic review, Table S3: QUADAS-2 summary of risk and applicability (tabular
format). References [53-57] are cited in the Supplementary Materials.

Author Contributions: M.T.A.: formulated the research question, designed the study, conducted
the literature search, performed data extraction, risk of bias and the statistical analysis, and drafted
and revised the manuscript. R.S.: provided methodological expert opinion for search strategy and
conducted the literature search. B.A.-A.: performed risk of bias analysis, reviewed, and revised the
manuscript. G.Z.: performed the statistical analysis, reviewed, and revised the manuscript. V.J.:
contributed important intellectual content and critically revised the manuscript. S.R.: reviewed and
revised the manuscript. L.M. and G.W.M.: formulated the research question, designed the study,
provided methodological expert opinion, assisted with the screening of studies, were involved in
decision-making, revised manuscript critically for important intellectual content, and approved of
the final draft. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by a funded PhD studentship from the University of Hail;
National Institute for Health Research Nottingham Biomedical Research Centre at Nottingham
University Hospitals Trust and the University of Nottingham, and no other specific funding was
obtained for this study.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All data in this study were obtained from already published material
in scientific journals, referenced in the paper, and can be obtained by any individual with access
to these.

Conflicts of Interest: G.W.M.: has received educational support from Abbvie, Janssen, NAPP, Takeda
Pharmaceuticals, Merck Sharp and Dohme Ltd., Ferring, and Dr Falk. He has received speaker
honoraria from Merck Sharp and Dohme Ltd., Abbvie, Janssen, Ferring, and Takeda Pharmaceuticals.
He attended advisory boards for Abbvie, Celgene, Takeda Pharmaceuticals, Janssen, Medtronic,
Phebra Pharmaceuticals, Servertus Associates Ltd., and Dr Falk. G.W.M. is a consultant for Alimentiv.
G.Z.: has received fees from Alimentiv Inc (formerly Robarts Clinical Trials). V.J.: has received
consulting fees from AbbVie, Alimentiv Inc (formerly Robarts Clinical Trials), Arena pharmaceuticals,
Bristol Myers Squibb, Celltrion, Eli Lilly, Ferring, Fresenius Kabi, GlaxoSmithKline, Genetech, Gilead,
Janssen, Merck, Mylan, Pendopharm, Pfizer, Roche, Sandoz, Takeda, Topivert; speaker’s fees from,
Abbvie, Ferring, Janssen Pfizer Shire, Takeda. All the other authors declare no conflict of interest or
financial disclosure to report.

1.  Ng,S.C;Shi, HY,; Hamidi, N.; Underwood, FE.; Tang, W.; Benchimol, E.I.; Panaccione, R.; Ghosh, S.; Wu, J.C.Y.; Chan, EK.L.; et al.
Worldwide incidence and prevalence of inflammatory bowel disease in the 21st century: A systematic review of population-based
studies. Lancet 2018, 390, 2769-2778. [CrossRef]

2. Lo, B,; Vester-Andersen, M.K,; Vind, I; Prosberg, M.; Dubinsky, M.; Siegel, C.A.; Bendtsen, F.; Burisch, J. Changes in Disease
Behaviour and Location in Patients with Crohn's Disease After Seven Years of Follow-Up: A Danish Population-based Inception
Cohort. J. Crohn’s Colitis 2018, 12, 265-272. [CrossRef]


https://www.mdpi.com/article/10.3390/diagnostics11101926/s1
https://www.mdpi.com/article/10.3390/diagnostics11101926/s1
http://doi.org/10.1016/S0140-6736(17)32448-0
http://doi.org/10.1093/ecco-jcc/jjx138

Diagnostics 2021, 11, 1926 10 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bouguen, G.; Levesque, B.G.; Feagan, B.G.; Kavanaugh, A.; Peyrin-Biroulet, L.; Colombel, ].F,; Hanauer, S.B.; Sandborn, W.]. Treat
to target: A proposed new paradigm for the management of Crohn's disease. Clin. Gastroenterol. Hepatol. 2015, 13, 1042-1050.e2.
[CrossRef]

Turner, D.; Ricciuto, A.; Lewis, A.; D’Amico, F.; Dhaliwal, J.; Griffiths, A.M.; Bettenworth, D.; Sandborn, W.J.; Sands, B.E.; Reinisch,
W.; 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 2020, 160, 1570-1583. [CrossRef]

Damore, L.J., II; Rantis, P.C.; Vernava, A.M., III; Longo, W.E. Colonoscopic perforations. Etiology, diagnosis, and management.
Dis. Colon Rectum 1996, 39, 1308-1314. [CrossRef]

Miles, A.; Bhatnagar, G.; Halligan, S.; Gupta, A.; Tolan, D.; Zealley, I.; Taylor, S.A.; on behalf of the METRIC Investigators.
Magnetic resonance enterography, small bowel ultrasound and colonoscopy to diagnose and stage Crohn’s disease: Patient
acceptability and perceived burden. Eur. Radiol. 2019, 29, 1083-1093. [CrossRef]

Ordas, I; Rimola, J.; Rodriguez, S.; Gallego, M.; Ricart, E.; Panes, ]. Imaging of the colon in inflammatory bowel disease: Ready
for prime time? Curr. Drug Targets 2012, 13, 1252-1260. [CrossRef] [PubMed]

Maaser, C.; Sturm, A.; Vavricka, S.R.; Kucharzik, T.; Fiorino, G.; Annese, V.; Calabrese, E.; Baumgart, D.C.; Bettenworth, D.;
Borralho Nunes, P; et al. ECCO-ESGAR Guideline for Diagnostic Assessment in IBD Part 1: Initial diagnosis, monitoring of
known IBD, detection of complications. J. Crohn’s Colitis 2019, 13, 144-164. [CrossRef] [PubMed]

Taylor, S.A.; Mallett, S.; Bhatnagar, G.; Baldwin-Cleland, R.; Bloom, S.; Gupta, A.; Hamlin, PJ.; Hart, A.L.; Higginson, A.; Jacobs, I.;
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, 548-558. [CrossRef]
Mobher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. BM]J 2009, 339, b2535. [CrossRef] [PubMed]

Methley, A.M.; Campbell, S.; Chew-Graham, C.; McNally, R.; Cheraghi-Sohi, S. PICO, PICOS and SPIDER: A comparison study of
specificity and sensitivity in three search tools for qualitative systematic reviews. BMC Health Serv. Res. 2014, 14, 579. [CrossRef]
[PubMed]

Whiting, P.E; Rutjes, A.W.; Westwood, M.E.; Mallett, S.; Deeks, ].].; Reitsma, J.B.; Leeflang, M.M.; Sterne, J.A.; Bossuyt, PM.;
the QUADAS-2 Group. QUADAS-2: A revised tool for the quality assessment of diagnostic accuracy studies. Ann. Int. Med.
2011, 155, 529-536. [CrossRef] [PubMed]

Oussalah, A.; Laurent, V.; Bruot, O.; Bressenot, A.; Bigard, M.A.; Regent, D.; Peyrin-Biroulet, L. Diffusion-weighted magnetic
resonance without bowel preparation for detecting colonic inflammation in inflammatory bowel disease. Gut 2010, 59, 1056-1065.
[CrossRef]

Pascu, M.; Roznowski, A.B.; Muller, H.P; Adler, A.; Wiedemann, B.; Dignass, A.U. Clinical relevance of transabdominal
ultrasonography and magnetic resonance imaging in patients with inflammatory bowel disease of the terminal ileum and large
bowel. Inflamm. Bowel Dis. 2004, 10, 373-382. [CrossRef]

Yu, L.L,; Yang, H.S.; Zhang, B.T.; Lv, Z.W.; Wang, FR.; Zhang, C.Y.; Chen, W.B.; Zhang, H.M. Diffusion-weighted magnetic
resonance imaging without bowel preparation for detection of ulcerative colitis. World J. Gastroenterol. 2015, 21, 9785-9792.
[CrossRef]

Laurent, V.; Naudé, S.; Vuitton, L.; Zallot, C.; Baumann, C.; Girard-Gavanier, M.; Peyrin-Biroulet, L. Accuracy of Diffusion-
weighted Magnetic Resonance Colonography in Assessing Mucosal Healing and the Treatment Response in Patients with
Ulcerative Colitis. J. Crohn’s Colitis 2017, 11, 716-723. [CrossRef]

Fiorino, G.; Bonifacio, C.; Padrenostro, M.; Sposta, EM.; Spinelli, A.; Malesci, A.; Balzarini, L.; Peyrin-Biroulet, L.; Danese,
S. Comparison Between 1.5 and 3.0 Tesla Magnetic Resonance Enterography for the Assessment of Disease Activity and
Complications in Ileo-Colonic Crohn's Disease. Dig. Dis. Sci. 2013, 58, 3246-3255. [CrossRef]

Cansu, A.; Bekircavusoglu, S.; Oguz, S.; Bulut, E.; Fidan, S.; Thomas, M.A. Can diffusion weighted imaging be used as an
alternative to contrast-enhanced imaging on magnetic resonance enterography for the assessment of active inflammation in
Crohn disease? Medicine 2020, 99, €19202. [CrossRef] [PubMed]

Limberg, B. Diagnosis of acute ulcerative colitis and colonic Crohn's disease by colonic sonography. J. Clin. Ultrasound 1989, 17,
25-31. [CrossRef]

Koh, D.M.; Miao, Y.; Chinn, R.J.; Amin, Z.; Zeegen, R.; Westaby, D.; Healy, ].C. MR imaging evaluation of the activity of Crohn's
disease. AJR Am. ]. Roentgenol. 2001, 177, 1325-1332. [CrossRef] [PubMed]

Kamel, S.; Sakr, M.; Hamed, W.; Eltabbakh, M.; Askar, S.; Bassuny, A.; Elbaz, A.; Hussein, R. Comparative study between bowel
ultrasound and magnetic resonance enterography among Egyptian inflammatory bowel disease patients. World J. Gastroenterol.
2020, 26, 5884-5895. [CrossRef] [PubMed]

Haber, H.P; Busch, A.; Ziebach, R.; Dette, S.; Ruck, P.; Stern, M. Ultrasonographic findings correspond to clinical, endoscopic, and
histologic findings in inflammatory bowel disease and other enterocolitides. J. Ultrasound Med. 2002, 21, 375-382. [CrossRef]
[PubMed]

Podgorska, ].; Pasicz, K.; Zagorowicz, E.; Mroz, A.; Golebiewski, B.; Kus, P; Jasieniak, J.; Skrzynski, W.; Wieszczy, P.; Kukolowicz,
P; et al. Intravoxel incoherent motion MRI in evaluating inflammatory activity in ulcerative colitis: A pilot study. Acta Radiol.
2021, 62, 439-446. [CrossRef]


http://doi.org/10.1016/j.cgh.2013.09.006
http://doi.org/10.1053/j.gastro.2020.12.031
http://doi.org/10.1007/BF02055129
http://doi.org/10.1007/s00330-018-5661-2
http://doi.org/10.2174/138945012802429714
http://www.ncbi.nlm.nih.gov/pubmed/22664082
http://doi.org/10.1093/ecco-jcc/jjy113
http://www.ncbi.nlm.nih.gov/pubmed/30137275
http://doi.org/10.1016/S2468-1253(18)30161-4
http://doi.org/10.1136/bmj.b2535
http://www.ncbi.nlm.nih.gov/pubmed/19622551
http://doi.org/10.1186/s12913-014-0579-0
http://www.ncbi.nlm.nih.gov/pubmed/25413154
http://doi.org/10.7326/0003-4819-155-8-201110180-00009
http://www.ncbi.nlm.nih.gov/pubmed/22007046
http://doi.org/10.1136/gut.2009.197665
http://doi.org/10.1097/00054725-200407000-00008
http://doi.org/10.3748/wjg.v21.i33.9785
http://doi.org/10.1093/ecco-jcc/jjw211
http://doi.org/10.1007/s10620-013-2781-z
http://doi.org/10.1097/MD.0000000000019202
http://www.ncbi.nlm.nih.gov/pubmed/32080107
http://doi.org/10.1002/jcu.1870170106
http://doi.org/10.2214/ajr.177.6.1771325
http://www.ncbi.nlm.nih.gov/pubmed/11717076
http://doi.org/10.3748/wjg.v26.i38.5884
http://www.ncbi.nlm.nih.gov/pubmed/33132642
http://doi.org/10.7863/jum.2002.21.4.375
http://www.ncbi.nlm.nih.gov/pubmed/11934094
http://doi.org/10.1177/0284185120931689

Diagnostics 2021, 11, 1926 11 of 12

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Mostafa, M.E.; Mohamed, A.M.; Elbaser, E.S.S.A.; Zaher, T.I. Evaluation of colonic wall thickness in ulcerative colitis using trans
abdominal ultrasound: Cross sectional study. Eur. ]. Mol. Clin. Med. 2021, 8, 2764-2773.

Yuksel, I; Kilincalp, S.; Coskun, Y.; Akinci, H.; Hamamci, M.; Alkan, A. Diagnostic accuracy of intestinal ultrasound and magnetic
resonance enterography for the detection of endoscopy-based disease activity in ileocolonic Crohn's disease. Eur. ]. Gastroenterol.
Hepatol. 2019, 31, 809-816. [CrossRef]

Allocca, M.; Fiorino, G.; Bonifacio, C.; Furfaro, F,; Gilardi, D.; Argollo, M.; Peyrin-Biroulet, L.; Danese, S. Comparative Accuracy
of Bowel Ultrasound Versus Magnetic Resonance Enterography in Combination With Colonoscopy in Assessing Crohn's Disease
and Guiding Clinical Decision-making. J. Crohn’s Colitis 2018, 12, 1280-1287. [CrossRef]

Liu, C; Ding, S.S.; Zhang, K,; Liu, L.N.; Guo, L.H.; Sun, L.P; Zhang, Y.F,; Sun, X.M.; Ren, WW.; Zhao, C.K; et al. Correlation
between ultrasound consolidated score and simple endoscopic score for determining the activity of Crohn’s disease. Br. J. Radiol.
2021, 93, 20190614. [CrossRef]

Dillman, ].R.; Ladino-Torres, M.E.; Adler, J.; DeMatos-Malliard, V.; McHugh, J.B.; Khalatbari, S.; Strouse, P.J. Comparison of MR
enterography and histopathology in the evaluation of pediatric Crohn disease. Pediatric Radiol. 2011, 41, 1552-1558. [CrossRef]
Maccioni, F.; Al Ansari, N.; Mazzamurro, F,; Civitelli, F; Viola, F.; Cucchiara, S.; Catalano, C. Detection of Crohn Disease Lesions
of the Small and Large Bowel in Pediatric Patients: Diagnostic Value of MR Enterography Versus Reference Examinations.
Am. ]. Roentgenol. 2014, 203, W533-W542. [CrossRef]

Maccioni, F; Bruni, A.; Viscido, A.; Colaiacomo, M.C.; Cocco, A.; Montesani, C.; Caprilli, R.; Marini, M. MR imaging in patients
with Crohn disease: Value of T2- versus T1-weighted gadolinium-enhanced MR sequences with use of an oral superparamagnetic
contrast agent. Radiology 2006, 238, 517-530. [CrossRef] [PubMed]

Taylor, S.A.; Mallett, S.; Bhatnagar, G.; Morris, S.; Quinn, L.; Tomini, F; Miles, A.; Baldwin-Cleland, R.; Bloom, S.; Gupta, A.; et al.
Magnetic resonance enterography compared with ultrasonography in newly diagnosed and relapsing Crohn’s disease patients:
The METRIC diagnostic accuracy study. Health Technol. Assess. 2019, 23, 1-162. [CrossRef]

Vigano, L.; Mineccia, M.; Bertolino, F; Giraldi, F,; Rigazio, C.; Rocca, R.; Ferrero, A. Intraoperative ultrasonography in patients
undergoing surgery for Crohn's disease. Prospective evaluation of an innovative approach to optimize staging and treatment
planning. Updates Surg. 2019, 71, 305-312. [CrossRef] [PubMed]

Jesus Martinez, M.; Ripolles, T.; Maria Paredes, J.; Moreno-Osset, E.; Manuel Pazos, J.; Blanc, E. Intravenous Contrast-Enhanced
Ultrasound for Assessing and Grading Postoperative Recurrence of Crohn's Disease. Dig. Dis. Sci. 2019, 64, 1640-1650. [CrossRef]
Boraschi, P.; Donati, F. MR colonography with a fecal tagging technique and water-based enema for the assessment of inflamma-
tory bowel disease. Jpn. J. Radiol. 2016, 34, 585-594. [CrossRef] [PubMed]

Gaitini, D.; Kreitenberg, A.].; Fischer, D.; Maza, I.; Chowers, Y. Color-Coded Duplex Sonography Compared to Multidetector
Computed Tomography for the Diagnosis of Crohn Disease Relapse and Complications. J. Ultrasound Med. 2011, 30, 1691-1699.
[CrossRef]

Jesuratnam-Nielsen, K.; Logager, V.B.; Rezanavaz-Gheshlagh, B.; Munkholm, P.; Thomsen, H.S. Plain magnetic resonance imaging
as an alternative in evaluating inflammation and bowel damage in inflammatory bowel disease—A prospective comparison with
conventional magnetic resonance follow-through. Scand. J. Gastroenterol. 2015, 50, 519-527. [CrossRef] [PubMed]

Campari, A.; Napolitano, M.; Zuin, G.; Maestri, L.; Di Leo, G.; Sardanelli, F. Colonic inflammation in pediatric inflammatory
bowel disease: Detection with magnetic resonance enterography. Pediatric Radiol. 2017, 47, 850-859. [CrossRef] [PubMed]
Dagia, C.; Ditchfield, M.; Kean, M.; Catto-Smith, T. Imaging for Crohn disease: Use of 3-T MRI in a paediatric setting. J. Med.
Imaging Radiat. Oncol. 2008, 52, 480—488. [CrossRef]

Schreyer, A.G.; Menzel, C.; Friedrich, C.; Poschenrieder, E; Egger, L.; Dornia, C.; Schill, G.; Dendl, L.M.; Schacherer, D.; Girlich, C.;
et al. Comparison of high-resolution ultrasound and MR-enterography in patients with inflammatory bowel disease. World .
Gastroenterol. 2011, 17, 1018-1025. [CrossRef] [PubMed]

Kawai, S.; Iijima, H.; Shinzaki, S.; Hiyama, S.; Yamaguchi, T.; Araki, M.; Iwatani, S.; Shiraishi, E.; Mukai, A.; Inoue, T.; et al.
Usefulness of intestinal real-time virtual sonography in patients with inflammatory bowel disease. . Gastroenterol. Hepatol. 2019,
34,1743-1750. [CrossRef]

Langhorst, ].; Kuhle, C.A.; Ajaj, W.; Nufer, M.; Barkhausen, J.; Michalsen, A.; Dobos, G.J.; Lauenstein, T.C. MR colonography
without bowel purgation for the assessment of inflammatory bowel diseases: Diagnostic accuracy and patient acceptance.
Inflamm. Bowel Dis. 2007, 13, 1001-1008. [CrossRef]

Cohen, J.F; Korevaar, D.A.; Altman, D.G.; Bruns, D.E.; Gatsonis, C.A.; Hooft, L.; Irwig, L.; Levine, D.; Reitsma, J.B.; de Vet, H.C,;
et al. STARD 2015 guidelines for reporting diagnostic accuracy studies: Explanation and elaboration. BM] Open 2016, 6, e012799.
[CrossRef] [PubMed]

FDA; CDER. Ulcerative Colitis: Clinical Trial Endpoints Guidance for Industry; Draft Guidance; FDA: Rockville, MD, USA, 2016.
European Medicines Agency. Guideline on the Development of New Medicinal Products for the Treatment of Crohn’s Disease; European
Medicines Agency: Amsterdam, The Netherlands, 2018.

Simon, E.G.; Wardle, R.; Thi, A.A.; Eldridge, J.; Samuel, S.; Moran, G.W. Does fecal calprotectin equally and accurately measure
disease activity in small bowel and large bowel Crohn's disease?: A systematic review. Intest. Res. 2019, 17, 160-170. [CrossRef]
[PubMed]

Wilkens, R.; Novak, K.L.; Lebeuf-Taylor, E.; Wilson, S.R. Impact of Intestinal Ultrasound on Classification and Management of
Crohn's Disease Patients with Inconclusive Colonoscopy. Can. |. Gastroenterol. Hepatol. 2016, 2016, 8745972. [CrossRef]


http://doi.org/10.1097/MEG.0000000000001438
http://doi.org/10.1093/ecco-jcc/jjy093
http://doi.org/10.1259/bjr.20190614
http://doi.org/10.1007/s00247-011-2186-0
http://doi.org/10.2214/AJR.13.11792
http://doi.org/10.1148/radiol.2381040244
http://www.ncbi.nlm.nih.gov/pubmed/16371574
http://doi.org/10.3310/hta23420
http://doi.org/10.1007/s13304-019-00668-7
http://www.ncbi.nlm.nih.gov/pubmed/31254233
http://doi.org/10.1007/s10620-018-5432-6
http://doi.org/10.1007/s11604-016-0552-4
http://www.ncbi.nlm.nih.gov/pubmed/27209295
http://doi.org/10.7863/jum.2011.30.12.1691
http://doi.org/10.3109/00365521.2014.1003398
http://www.ncbi.nlm.nih.gov/pubmed/25592192
http://doi.org/10.1007/s00247-017-3833-x
http://www.ncbi.nlm.nih.gov/pubmed/28417181
http://doi.org/10.1111/j.1440-1673.2008.01993.x
http://doi.org/10.3748/wjg.v17.i8.1018
http://www.ncbi.nlm.nih.gov/pubmed/21448353
http://doi.org/10.1111/jgh.14670
http://doi.org/10.1002/ibd.20140
http://doi.org/10.1136/bmjopen-2016-012799
http://www.ncbi.nlm.nih.gov/pubmed/28137831
http://doi.org/10.5217/ir.2018.00114
http://www.ncbi.nlm.nih.gov/pubmed/30704158
http://doi.org/10.1155/2016/8745972

Diagnostics 2021, 11, 1926 12 of 12

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Kim, S.J.; Ratchford, T.L.; Buchanan, PM.; Patel, D.R.; Tao, T.Y.; Teckman, ].H.; Brown, ].J.; Farmakis, S.G. Diagnostic accuracy of
non-contrast magnetic resonance enterography in detecting active bowel inflammation in pediatric patients with diagnosed or
suspected inflammatory bowel disease to determine necessity of gadolinium-based contrast agents. Pediatric Radiol. 2019, 49,
759-769. [CrossRef] [PubMed]

Hoad, C.L.; Marciani, L.; Foley, S.; Totman, ]J.J.; Wright, J.; Bush, D.; Cox, E.F.,; Campbell, E.; Spiller, R.C.; Gowland, P.A.
Non-invasive quantification of small bowel water content by MRI: A validation study. Phys. Med. Biol. 2007, 52, 6909-6922.
[CrossRef] [PubMed]

Scott, R.A.; Williams, H.G.; Hoad, C.L.; Alyami, A.; Ortori, C.A.; Grove, ].I.; Marciani, L.; Moran, G.W.; Spiller, R.C.; Menys, A.;
et al. MR Measures of Small Bowel Wall T2 Are Associated with Increased Permeability. J. Magn. Reson. Imaging 2021, 53,
1422-1431. [CrossRef]

Lenze, F; Wessling, J.; Bremer, J.; Ullerich, H.; Spieker, T.; Weckesser, M.; Gonschorrek, S.; Kannengieber, K.; Rijcken, E.;
Heidemann, J.; et al. Detection and differentiation of inflammatory versus fibromatous Crohn's disease strictures: Prospective
comparison of 1gF-FDG-PET/CT, MR-enteroclysis, and transabdominal ultrasound versus endoscopic/histologic evaluation.
Inflamm. Bowel Dis. 2012, 18, 2252-2260. [CrossRef]

Ponte, A; Pinho, R.; Fernandes, S.; Rodrigues, A.; Alberto, L.; Silva, ].C,; Silva, J.; Rodrigues, J.; Sousa, M.; Silva, A.P,; et al. Impact
of Histological and Endoscopic Remissions on Clinical Recurrence and Recurrence-free Time in Ulcerative Colitis. Inflamm. Bowel
Dis. 2017, 23, 2238-2244. [CrossRef]

O'Connor, ].P; Aboagye, E.O.; Adams, J.E.; Aerts, H].; Barrington, S.F; Beer, A ].; Boellaard, R.; Bohndiek, S.E.; Brady, M.; Brown,
G.; et al. Imaging biomarker roadmap for cancer studies. Nat. Rev. Clin. Oncol. 2017, 14, 169-186. [CrossRef]

Barber, J.L.; Maclachlan, J.; Planche, K.; Furman, M.; Crespi, D.; Bab, N.; Beal, I. There is good agreement between MR
enterography and bowel ultrasound with regards to disease location and activity in paediatric inflammatory bowel disease.
Clinical Radiology 2017, 72, 590-597. [CrossRef]

Johnson, K.T.; Hara, A.K,; Johnson, C.D. Evaluation of colitis: Usefulness of CT enterography technique. Emergency Radiology
2009, 16, 277-282. [CrossRef] [PubMed]

Thierry, M.L.; Rousseau, H.; Pouillon, L.; Girard-Gavanier, M.; Baumann, C.; Lopez, A.; Danese, S.; Laurent, V.; Peyrin-Biroulet, L.
Accuracy of Diffusion-weighted Magnetic Resonance Imaging in Detecting Mucosal Healing and Treatment Response, and in
Predicting Surgery, in Crohn's Disease. | Crohns Colitis 2018, 12, 1180-1190. [CrossRef] [PubMed]

Paparo, F.; Bacigalupo, L.; Garello, I.; Biscaldi, E.; Cimmino, M.A.; Marinaro, E.; Rollandi, G.A. Crohn's disease: Prevalence of
intestinal and extraintestinal manifestations detected by computed tomography enterography with water enema. Abdom Imaging
2012, 37, 326-337. [CrossRef] [PubMed]

Ponorac, S.; Gosnak, R.D.; Urlep, D.; Kljucevsek, D. Contrast-enhanced ultrasonography in the evaluation of Crohn disease
activity in children: Comparison with histopathology. Pediatric Radiology 2021, 51, 410-418. [CrossRef]


http://doi.org/10.1007/s00247-019-04369-6
http://www.ncbi.nlm.nih.gov/pubmed/30899973
http://doi.org/10.1088/0031-9155/52/23/009
http://www.ncbi.nlm.nih.gov/pubmed/18029983
http://doi.org/10.1002/jmri.27463
http://doi.org/10.1002/ibd.22930
http://doi.org/10.1097/MIB.0000000000001275
http://doi.org/10.1038/nrclinonc.2016.162
http://doi.org/10.1016/j.crad.2017.02.008
http://doi.org/10.1007/s10140-008-0776-4
http://www.ncbi.nlm.nih.gov/pubmed/19214608
http://doi.org/10.1093/ecco-jcc/jjy098
http://www.ncbi.nlm.nih.gov/pubmed/29985999
http://doi.org/10.1007/s00261-011-9832-8
http://www.ncbi.nlm.nih.gov/pubmed/22160373
http://doi.org/10.1007/s00247-020-04870-3

	Introduction 
	Materials and Methods 
	Search Methods, Types of Studies, and Participants 
	Index Tests and Target Conditions 
	Data Collection and Analysis 
	Risk of Bias Assessment 
	Statistical Analysis and Data Synthesis 

	Results 
	Results of the Search 
	Risk of Bias Assessment 
	Diagnostic Accuracy for MRI 
	Diagnostic Accuracy for US 
	Between-Study Heterogeneity 
	Sensitivity Analyses 

	Discussion 
	Conclusions 
	References

