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Background: Magnetic resonance enterography and enteric ultrasonography are used to image Crohn’s
disease patients. Their diagnostic accuracy for presence, extent and activity of enteric Crohn’s disease
was compared.

Objective: To compare diagnostic accuracy, observer variability, acceptability, diagnostic impact and
cost-effectiveness of magnetic resonance enterography and ultrasonography in newly diagnosed or relapsing
Crohn’s disease.

Design: Prospective multicentre cohort study.

Setting: Eight NHS hospitals.

Participants: Consecutive participants aged ≥ 16 years, newly diagnosed with Crohn’s disease or with
established Crohn’s disease and suspected relapse.

Interventions: Magnetic resonance enterography and ultrasonography.

Main outcome measures: The primary outcome was per-participant sensitivity difference between magnetic
resonance enterography and ultrasonography for small bowel Crohn’s disease extent. Secondary outcomes
included sensitivity and specificity for small bowel Crohn’s disease and colonic Crohn’s disease extent, and
sensitivity and specificity for small bowel Crohn’s disease and colonic Crohn’s disease presence; identification
of active disease; interobserver variation; participant acceptability; diagnostic impact; and cost-effectiveness.

Results: Out of the 518 participants assessed, 335 entered the trial, with 51 excluded, giving a final cohort
of 284 (133 and 151 in new diagnosis and suspected relapse cohorts, respectively). Across the whole cohort,
for small bowel Crohn’s disease extent, magnetic resonance enterography sensitivity [80%, 95% confidence
interval (CI) 72% to 86%] was significantly greater than ultrasonography sensitivity (70%, 95% CI 62% to
78%), with a 10% difference (95% CI 1% to 18%; p = 0.027). For small bowel Crohn’s disease extent,
magnetic resonance enterography specificity (95%, 95% CI 85% to 98%) was significantly greater than
ultrasonography specificity (81%, 95% CI 64% to 91%), with a 14% difference (95% CI 1% to 27%).
For small bowel Crohn’s disease presence, magnetic resonance enterography sensitivity (97%, 95% CI 91%
to 99%) was significantly greater than ultrasonography sensitivity (92%, 95% CI 84% to 96%), with a 5%
difference (95% CI 1% to 9%). For small bowel Crohn’s disease presence, magnetic resonance enterography
specificity was 96% (95% CI 86% to 99%) and ultrasonography specificity was 84% (95% CI 65% to 94%),
with a 12% difference (95% CI 0% to 25%). Test sensitivities for small bowel Crohn’s disease presence and
extent were similar in the two cohorts. For colonic Crohn’s disease presence in newly diagnosed participants,
ultrasonography sensitivity (67%, 95% CI 49% to 81%) was significantly greater than magnetic resonance
enterography sensitivity (47%, 95% CI 31% to 64%), with a 20% difference (95% CI 1% to 39%). For
active small bowel Crohn’s disease, magnetic resonance enterography sensitivity (96%, 95% CI 92% to
99%) was significantly greater than ultrasonography sensitivity (90%, 95% CI 82% to 95%), with a 6%
difference (95% CI 2% to 11%). There was some disagreement between readers for both tests. A total of
88% of participants rated magnetic resonance enterography as very or fairly acceptable, which is significantly
lower than the percentage (99%) of participants who did so for ultrasonography. Therapeutic decisions based
on magnetic resonance enterography alone and ultrasonography alone agreed with the final decision in 122
out of 158 (77%) cases and 124 out of 158 (78%) cases, respectively. There were no differences in costs
or quality-adjusted life-years between tests.

Limitations: Magnetic resonance enterography and ultrasonography scans were interpreted by practitioners
blinded to clinical data (but not participant cohort), which does not reflect use in clinical practice.

Conclusions: Magnetic resonance enterography has higher accuracy for detecting the presence, extent and
activity of small bowel Crohn’s disease than ultrasonography does. Both tests have variable interobserver
agreement and are broadly acceptable to participants, although ultrasonography produces less participant
burden. Diagnostic impact and cost-effectiveness are similar. Recommendations for future work include
investigation of the comparative utility of magnetic resonance enterography and ultrasonography for
treatment response assessment and investigation of non-specific abdominal symptoms to confirm or refute
Crohn’s disease.
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Trial registration: Current Controlled Trials ISRCTN03982913.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 23, No. 42.
See the NIHR Journals Library website for further project information.
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Plain English summary

C rohn’s disease is a waxing and waning lifelong inflammatory condition that affects the colon (large bowel)
and small bowel. Treatment relies on accurately determining disease extent and underlying inflammation.

Colonoscopy is very good for examining the colon, but it is invasive and, at best, can only visualise a few
centimetres of the small bowel, so radiological imaging is very important. Magnetic resonance enterography
(a type of magnetic resonance imaging scan) and ultrasonography are both radiological tests commonly
performed in the NHS, and it is unclear which method is better. We performed a study to compare the
accuracy of magnetic resonance enterography and ultrasonography for determining the extent of Crohn’s
disease in the bowel of participants newly diagnosed and in those participants with established Crohn’s
disease but with suspected deterioration. We also investigated how often radiologists agree with each other
during test interpretation, the participant experience of undergoing the tests and their cost-effectiveness.
We compared the tests in 284 participants (133 newly diagnosed and 151 with suspected deterioration).
We found that both tests were accurate for detecting the presence (97% for magnetic resonance
enterography and 92% for ultrasonography) and location (80% for magnetic resonance enterography
and 70% for ultrasonography) of disease in the small bowel, but magnetic resonance enterography was
better than ultrasonography for both (correctly classifying disease extent in 107 more participants for every
1000 participants with Crohn’s disease). Magnetic resonance enterography was similarly better than
ultrasonography at determining if the bowel was inflamed. The results were similar in newly diagnosed
participants and those participants with suspected deterioration. Agreement between radiologists interpreting
the same images was, at best, moderate for both tests. A total of 88% of participants tolerated magnetic
resonance enterography well or fairly well, which was less than the percentage (99%) of participants who
tolerated ultrasonography well or fairly well. Both tests had a similar effect on the treatment decisions made
by doctors. Both tests were also similar in their value for money for the NHS.
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Scientific summary

Background

Crohn’s disease is a chronic inflammatory bowel disease predominantly affecting the young and requiring
lifelong therapy. The small bowel and/or colon are most commonly affected and diagnosis is based on a
combination of clinical features, together with endoscopic, histopathological, biochemical and imaging
findings. Management is contingent on disease extent, activity and the presence of extraluminal complications.
Radiological imaging is fundamental to the comprehensive phenotyping of Crohn’s disease, particularly in the
small bowel, which is beyond the reach of colonoscopy. Several small bowel imaging techniques are currently
utilised in the NHS, but ultrasonography and magnetic resonance enterography are favoured as they do not
expose patients to ionising radiation. Small bowel ultrasonography has been established for many years
and utilises standard technology widely available in the NHS, but uptake has been hampered by perceptions
of reduced accuracy and concerns about operator dependence. Magnetic resonance enterography is a
more recent innovation, requiring oral contrast and access to high-technology imaging platforms, which
are comparatively restricted in many health-care settings. Although meta-analyses suggest that magnetic
resonance enterography and ultrasonography have similar accuracy for diagnosing and staging Crohn’s
disease, the primary literature is of questionable quality and prospective multicentre comparative data are
lacking. High-quality evidence is needed to guide implementation.

Objectives

The primary objective of the Magnetic Resonance Enterography or ulTRasound In Crohn’s disease (METRIC)
trial was to compare the diagnostic accuracy of magnetic resonance enterography and ultrasonography for
the extent of small bowel Crohn’s disease against a construct reference standard, incorporating 6 months
of participant follow-up. We recruited from two cohorts of participants: those newly diagnosed and those
with established Crohn’s disease clinically suspected of luminal relapse. The secondary objectives were
to investigate the accuracy in grading inflammatory activity of magnetic resonance enterography and
ultrasonography, diagnostic accuracy in the colon of magnetic resonance enterography and ultrasonography,
interobserver variability in interpretation of magnetic resonance enterography and ultrasonography, diagnostic
impact of an oral contrast load prior to small intestine contrast-enhanced ultrasonography, effect of oral
contrast agent type on magnetic resonance enterography distension quality and participant symptoms,
impact of magnetic resonance enterography sequences on diagnostic accuracy and radiologist confidence,
impact of ultrasonography and magnetic resonance enterography on clinician decision-making, and
participant experience of magnetic resonance enterography and ultrasonography, and to carry out a
cost-effectiveness analysis.

Methods

Study design
We performed a multicentre prospective cohort study. Ethics committee approval was granted in 2014.
Participants were recruited from eight representative UK NHS teaching and general hospitals. Participants
were eligible for the new diagnosis subgroup if they had been diagnosed with Crohn’s disease in the
3 months preceding recruitment, or if Crohn’s disease was strongly suspected based on imaging or endoscopic
features but pending final diagnosis. Participants for whom the final diagnosis was not Crohn’s disease were
subsequently excluded. Participants eligible for the suspected relapse subgroup had established Crohn’s
disease and high clinical suspicion of relapse based on objective markers of inflammatory activity and/or
symptoms suggestive of luminal stenosis and/or abnormal endoscopy. Participants were ineligible if they
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were aged < 16 years, were pregnant or had magnetic resonance imaging contraindications. Consecutive
(i.e. unselected) eligible participants underwent magnetic resonance enterography and ultrasonography in
accordance with the standard protocols of their recruitment sites, in addition to any other enteric imaging
or endoscopic investigations performed as part of usual clinical care. Magnetic resonance enterography
and ultrasonography image outputs were interpreted by two different practitioners blinded to the findings
of the other, and to all other imaging, endoscopic and clinical data other than the cohort to which the
participant was recruited. Practitioners recorded the presence and activity of Crohn’s disease in the small
bowel and colon, together with any extraenteric complications. In total, 28 suitably experienced practitioners
(27 radiologists and one sonographer) interpreted the magnetic resonance enterography and ultrasonography.
If there was discrepancy between magnetic resonance enterography and ultrasonography for the presence
or location of small bowel Crohn’s disease, an ‘arbiter’ small bowel investigation was performed if one had
not already been performed as part of usual care. We used the construct reference standard paradigm
(multidisciplinary panel diagnosis) incorporating the concept of clinical test validation. Participants’ clinical
course was followed for 6 months. For each participant, the panel considered the results of all small bowel
investigations and all additional information including endoscopies, surgical findings, histopathology
and biochemical and clinical course and recorded its opinion on whether or not small bowel Crohn’s disease
or colonic Crohn’s disease was present, and, if so, whether or not disease was active. We estimated that
a sample size of 210 participants with small bowel Crohn’s disease would give 90% power to detect a
significant (10%) sensitivity difference between magnetic resonance enterography (83%) and ultrasonography
(73%) for disease extent. Direct comparison of sensitivity and specificity differences between magnetic
resonance enterography and ultrasonography in the same participants were calculated from paired data
using bivariate multilevel participant-specific (conditional) random-effects models.

Analysis by segment used a population-averaged random-effects model (using logit including robust standard
errors). In subsets of participants, we also investigated interobserver variability in interpretation of magnetic
resonance enterography and ultrasonography, the impact of an oral contrast load prior to small intestine
contrast-enhanced ultrasonography (compared with conventional ultrasonography) on diagnostic accuracy,
the effect of magnetic resonance enterography oral contrast agent type on small bowel distension quality
and participant symptoms, the impact of magnetic resonance enterography sequences (T2-weighted and
steady-state free precession gradient echo images alone; T2-weighted and steady-state free precession
gradient echo images and diffusion-weighted images; and T2-weighted and steady-state free precession
gradient echo images, diffusion-weighted images and contrast-enhanced images) on radiologist accuracy,
and participant experience of small bowel imaging using questionnaires, modelled the diagnostic impact
of magnetic resonance enterography and ultrasonography on clinician decision-making and carried out a
cost-effectiveness analysis.

Results

Overall, 518 patients were assessed for eligibility, of whom 183 were excluded. In total, 335 participants
entered the trial, of whom 51 were excluded (31 did not have Crohn’s disease, two were lost to follow-up,
10 did not undergo magnetic resonance enterography and/or ultrasonography, six withdrew consent and
two newly diagnosed participants underwent surgery without colonoscopy). The final cohort consisted
of 284 participants (133 and 151 in new diagnosis and suspected relapse cohorts, respectively). There
were no reported adverse events. Based on the reference standard, 233 (82%) participants had small
bowel Crohn’s disease, which was active in 209 (90%) participants, 129 (45%) participants had colonic
Crohn’s disease, which was active in 126 (98%) participants, 21 participants had enteric fistulae and seven
had intra-abdominal abscess. For small bowel Crohn’s disease extent, magnetic resonance enterography
sensitivity [80%, 95% confidence interval (CI) 72% to 86%] was significantly greater than ultrasonography
sensitivity (70%, 95% CI 62% to 78%), with a difference of 10% (95% CI 1% to 18%; p = 0.027). For
small bowel Crohn’s disease extent, magnetic resonance enterography specificity (95%, 95% CI 85% to 98%)
was also significantly greater than ultrasonography specificity (81%, 95% CI 64% to 91%), with a
difference of 14% (95% CI 1% to 27%). For small bowel Crohn’s disease presence, magnetic resonance
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enterography sensitivity (97%, 95% CI 91% to 99%) was significantly greater than ultrasonography
sensitivity (92%, 95% CI 84% to 96%), with a difference of 5% (95% CI 1% to 9%). For small bowel
Crohn’s disease presence, magnetic resonance enterography and ultrasonography specificity was 96%
(95% CI 86% to 99%) and 84% (95% CI 65% to 94%), respectively. There were no overall significant
differences in sensitivity or specificity between magnetic resonance enterography and ultrasonography
for colonic Crohn’s disease extent or presence. Sensitivities of magnetic resonance enterography and
ultrasonography for small bowel Crohn’s disease presence and extent in the new diagnosis and suspected
relapse cohorts were very similar to those sensitivities estimated across all participants, although for colonic
Crohn’s disease presence ultrasonography sensitivity (67%, 95% CI 49% to 81%) was significantly greater
than magnetic resonance enterography sensitivity (47%, 95% CI 31% to 64%) in the new diagnosis cohort,
with a difference of 20% (95% CI 1% to 39%). For active small bowel Crohn’s disease, magnetic resonance
enterography sensitivity (96%, 95% CI 92% to 99%) was significantly greater than ultrasonography
sensitivity (90%, 95% CI 82% to 95%), with a difference of 6% (95% CI 2% to 11%). Magnetic resonance
enterography detected five out of seven (71%) abscesses and 18 out of 21 (86%) enteric fistulae, whereas
ultrasonography detected three out of seven (43%) abscesses and 11 out of 21 (52%) enteric fistulae.
A total of 186 participants had a colonoscopic standard of reference against which magnetic resonance
enterography had a sensitivity of 97% (95% CI 91% to 99%) and ultrasonography has a sensitivity of 91%
(95% CI 79% to 97%) for terminal ileal disease presence, which was not statistically significant.

Small intestine contrast-enhanced ultrasonography

In total, 64 participants underwent small intestine contrast-enhanced ultrasonography. Compared with
ultrasonography, sensitivity and specificity were identical for small bowel Crohn’s disease extent (71%,
95% CI 58% to 81%, and 86%, 95% CI 49% to 97%, respectively).

Interobserver agreement

Ultrasonography
In total, 38 participants (11 and 27 in the new diagnosis and suspected relapse cohorts, respectively)
underwent ultrasonography twice, performed by two practitioners from a pool of seven. For the presence
of small bowel Crohn’s disease, both reads agreed with the consensus reference standard for 9 out of 11
(82%) participants in the new diagnosis cohort (prevalence-adjusted bias-adjusted κ = 0.64) and 22 out
of 27 (81%) participants in the suspected relapse cohort (prevalence-adjusted bias-adjusted κ = 0.63),
suggesting substantial agreement for both cohorts. Agreement for small bowel Crohn’s disease extent was
at best only fair [64% agreement with the consensus reference standard in the new diagnosis cohort
(prevalence-adjusted bias-adjusted κ = 0.27) and 56% agreement with the consensus reference standard in
the suspected relapse cohort (prevalence-adjusted bias-adjusted κ = 0.11)]. Agreement for the presence of
colonic Crohn’s disease was inferior to that for small bowel Crohn’s disease.

Magnetic resonance enterography
A total of 73 magnetic resonance enterography data sets (28 in the new diagnosis cohort and 45 in the
suspected relapse cohort) were each read by three radiologists from a pool of 27. For the presence of small
bowel Crohn’s disease, in the new diagnosis cohort, on average, reads agreed with the consensus reference
standard for 18 out of 26 (69%) disease-positive participants and one out of two (50%) disease-negative
participants (prevalence-adjusted bias-adjusted κ = 0.36), indicating fair agreement. In the suspected relapse
cohort, on average, reads agreed with the consensus reference standard for 25 out of 33 (76%) disease-positive
participants and 9 out of 12 (75%) disease-negative participants (prevalence-adjusted bias-adjusted κ = 0.51),
indicating moderate agreement. Agreement for small bowel Crohn’s disease extent was at best only slight
[53% agreement with the consensus reference standard (prevalence-adjusted bias-adjusted κ = 0.07) in the
suspected relapse cohort and 43% agreement with the consensus reference standard (prevalence-adjusted
bias-adjusted κ = –0.14) in the new diagnosis cohort]. Agreement for the presence of colonic Crohn’s
disease was inferior to that for small bowel Crohn’s disease.
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Participant experience

A total of 159 participants completed all or part of the experience questionnaire. Overall, 88% (128/145)
of participants rated magnetic resonance enterography as very or fairly acceptable, which is significantly
lower than the percentage (99%; 144/146) of participants who rated ultrasonography as very or fairly
acceptable. Participants were slightly less willing to undergo magnetic resonance enterography again
(91%; 127/140) than to undergo ultrasonography again (99%; 133/135). On a scale of 1 (least) to
7 (most), test burden scores were generally low, although magnetic resonance enterography generated
greater burden than ultrasonography (mean 2.72 vs. mean 1.66, respectively; z = 9.5). Younger age and
emotional distress were associated with greater magnetic resonance enterography and ultrasonography
burden. In a direct test comparison, the majority (80%; 100/125) preferred ultrasonography to magnetic
resonance enterography, but participants prioritised diagnostic accuracy over scan burden.

Effect of oral contrast type

Full data were available for 66 participants (47 ingesting mannitol-based contrast agents and 19 ingesting
polyethylene glycol-based contrast agents). There was no difference in segmental distension quality between
the two contrast types. Distension of the jejunum, ileum and terminal ileum were rated as excellent or good
in 27% (13/47), 65% (31/47) and 43% (20/47), respectively, of the mannitol group compared with 16%
(3/19), 63% (12/19) and 42% (8/19), respectively, of the polyethylene glycol group. The participants’
symptom profiles were also very similar between the two agents.

Sequence selection

A total of 73 magnetic resonance enterography data sets (28 in the new diagnosis cohort and 45 in the
suspected relapse cohort) were each read by three radiologists from a pool of 27. There was no increase in
sensitivity or specificity for small bowel Crohn’s disease extent with the addition of diffusion-weighted
images to T2-weighted and steady-state free precession gradient echo images. However, compared with
T2-weighted and steady-state free precession gradient echo images alone (sensitivity for small bowel
Crohn’s disease extent 63%, 95% CI 51% to 75%), the addition of contrast-enhanced images led to a
significant drop in sensitivity to 56% (95% CI 42% to 68%), a difference of 7% (95% CI –1% to –14%).

Modelling of the diagnostic impact of magnetic resonance enterography
and ultrasonography

Out of 158 included participants, 74 were new diagnosis participants and 84 were suspected relapse
participants. Therapeutic decisions based on clinical information and magnetic resonance enterography
alone agreed with the final reference standard treatment decision category (based on all available
information) for 122 out of 158 (77%) participants and disagreed for 36 out of 158 (23%) participants.
Therapeutic decisions based on clinical information and ultrasonography alone agreed with the reference
standard treatment decision category for 124 out of 158 (78%) participants and disagreed for 34 out
of 158 (22%) participants.

Cost-effectiveness

There were no differences in costs or quality-adjusted life-years between magnetic resonance enterography
and ultrasonography. For the new diagnosis cohort, the net monetary benefits for magnetic resonance
enterography and ultrasonography were not significantly different, at £7288 (95% credibility interval £4797
to £9111) and £7513 (95% credibility interval £4936 to £9392), respectively, giving an incremental net
monetary benefit for magnetic resonance enterography versus ultrasonography that was not significantly
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different from zero (–£225, 95% credibility interval –£1085 to £713). For the suspected relapse cohort also,
the net monetary benefits for magnetic resonance enterography and ultrasonography were not significantly
different [£4020 (95% credibility interval £2426 to £5488) and £4321 (95% credibility interval £2696
to £5787), respectively], giving a non-significant incremental net monetary benefit for magnetic resonance
enterography versus ultrasonography of –£301 (95% credibility interval –£993 to £305). Sensitivity analyses
showed little uncertainty in these findings.

Conclusions

We found that both ultrasonography and magnetic resonance enterography achieve excellent diagnostic
accuracy for the extent and activity of small bowel Crohn’s disease in both new diagnosis and suspected
relapse participants, but that magnetic resonance enterography has superior sensitivity for small bowel
Crohn’s disease presence, extent and activity.

Implications for health care

In a NHS setting, magnetic resonance enterography has significantly higher sensitivity and specificity than
ultrasonography for the presence and extent of small bowel Crohn’s disease, although both tests are
valid first-line investigations. Ultrasonography performs better than magnetic resonance enterography for
detection of colonic Crohn’s disease in those patients newly diagnosed but is inferior to colonoscopy. Both
magnetic resonance enterography and ultrasonography are deemed acceptable by the majority of patients,
although ultrasonography induces less patient burden and is generally preferred. However, patients rank
diagnostic accuracy as more important than test burden. Interobserver agreement is variable between
practitioners, particularly for disease extent, which should be considered. We found no evidence than one
oral contrast agent is better than another in achieving good bowel distension during magnetic resonance
enterography or reducing patient symptom load. We also found no evidence that small intestine contrast-
enhanced ultrasonography increases diagnostic accuracy for small bowel Crohn’s disease extent compared
with conventional ultrasonography. Addition of diffusion-weighted imaging does not improve the accuracy
of magnetic resonance enterography protocols based only on T2-weighted steady-state free precession
gradient echo images, and post-contrast images may be detrimental to sensitivity. Modelled diagnostic impact
on clinician therapeutic strategy was similar between magnetic resonance enterography and ultrasonography.
There is no reason to prefer magnetic resonance enterography or ultrasonography on economic grounds.

Recommendations for future research

Future research should investigate:

l the role of ultrasonography in targeted follow-up of Crohn’s disease patients with an established
disease phenotype, and the utility of magnetic resonance enterography and ultrasonography in
treatment response assessment

l the most clinically effective and cost-effective cross-sectional imaging investigation in patients with
non-specific abdominal symptoms to confirm or refute a diagnosis of Crohn’s disease

l the impact of dedicated training programmes and clinical case volumes on practitioner accuracy.

Trial registration

This trial is registered as ISRCTN03982913.

DOI: 10.3310/hta23420 HEALTH TECHNOLOGY ASSESSMENT 2019 VOL. 23 NO. 42

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Taylor et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should
be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xxxiii



Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research.

SCIENTIFIC SUMMARY

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xxxiv



Chapter 1 Introduction

Background

Crohn’s disease (CD) is a chronic inflammatory bowel disease (IBD) predominantly affecting the young and
requiring lifelong medical and surgical therapy. Most patients are diagnosed before the age of 35 years
and CD has an incidence of between 1.9 and 11.0 per 1000 person-years in western Europe.1 According
to a recent UK audit,2 IBD accounts for 0.3% of work absenteeism, costs £115M in lost productivity and
accounts for 27,000 hospital admissions annually. NHS expenditure on IBD is estimated to be > £1B, with
each CD patient costing, on average, £6156 per year.3

Crohn’s disease most commonly affects the small bowel and/or colon, with a range of manifestations, from
superficial bowel wall ulceration to deep penetrating disease characterised by strictures, fistulae and abscesses.
A host of potentially toxic medical treatments, such as immune modulators, and targeted surgical interventions
are currently used to manage patients. Diagnosis is based on a combination of clinical features, together
with endoscopic, histopathological, biochemical and imaging findings. Thereafter, patient management is
contingent on the extent of disease, the underlying biological activity and the presence of extraluminal
complications.

Colonoscopy is fundamental to diagnosis and follow-up of CD, given its exquisite views of the bowel mucosa
and ability to take biopsies for histological analysis.4 However, colonoscopy is invasive, with a small but
defined risk of serious complications, such as perforation, visualises only the bowel lumen and, at best, can
interrogate only the last few centimetres of the small bowel (terminal ileum). Radiological imaging is therefore
complementary for the diagnosis, staging and monitoring of CD, and can define disease presence, extent,
biological activity and complications, particularly in the small bowel.5

Radiological imaging of Crohn’s disease

Several small-bowel imaging investigations are currently utilised within the NHS, including barium small
bowel follow-through (BaFT), computed tomography (CT), computed tomography enterography (CTE),
ultrasonography (US) and magnetic resonance enterography (MRE). The various tests differ in their
attributes. BaFT, for example, interrogates the bowel mucosa, whereas CT, US and MRE (cross-sectional
imaging techniques) evaluate both the bowel wall and extraenteric tissues. An important differentiating
attribute is the use or otherwise of ionising radiation. Both BaFT and CT impart a significant radiation dose,
which is of concern given that CD patients are generally young and need repeat imaging over several years.
A recent meta-analysis found that 11% of CD patients are exposed to potentially harmful doses of ionising
radiation.6 Furthermore, exposure to diagnostic ionising radiation is increasing, largely owing to CT,7,8

despite technological developments reducing dose exposure.9 Conversely, neither US nor MRE impart
ionising radiation and are therefore intuitively attractive modalities for imaging patients with CD.10 Indeed,
international consensus guideline committees recommend MRE and US as the imaging modalities of choice
in CD.5

Small bowel US has been established for many years11 and is potentially well suited to imaging CD; it is
non-invasive, well tolerated, requires no specific patient preparation and uses standard technology widely
available in the NHS. However, uptake has been somewhat hampered by perceptions of reduced accuracy,
particularly in the proximal small bowel,12 and concerns about operator dependence and high levels of
observer variability.13 Furthermore, interrogation of the bowel and deeper tissues may be limited by patient
obesity, obscuring bowel gas or deep pelvic location. Conversely, MRE [magnetic resonance imaging (MRI)
of the abdomen and pelvis following ingestion of an oral contrast agent] is a more recent innovation14
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and an increasingly supportive evidence base has emerged over the last 15 years.5 MRE requires patients to
ingest large volumes of oral contrast agent to distend the bowel, potentially resulting in abdominal cramps
and diarrhoea, and utilises MRI technology, access to which is comparatively limited in the NHS. However,
visualisation of the whole bowel is assured assuming a technically complete examination, and newer
generations of radiologists are increasingly familiar with abdominal and pelvic MRI.

Existing literature on the diagnostic accuracy of magnetic resonance
enterography and ultrasonography

We searched PubMed and EMBASE for articles published between 1 January 1990 and 1 December 2017
without language restriction. We used MeSH (medical subject heading) and full-text searches for ‘Crohn’s
disease’, ‘magnetic resonance imaging’, ‘ultrasound’ and ‘diagnostic accuracy’. Emphasis was placed on
meta-analyses and systematic reviews using appropriate search limits. There have been several systematic
reviews and meta-analyses reporting the accuracy of MRE and US for diagnosing and staging CD.12,15–26

Many have considered MRE or US in isolation,15,17–20,22,23 whereas others have attempted to compare the two
modalities (along with others, such as CT).12,21,25,26 Some have primarily focused on assessment of disease
activity,17,22,26 with most assessing diagnostic accuracy. A summary of the main meta-analyses and systematic
reviews undertaken since 2010 is given in Table 1.

These meta-analysis and systematic review data suggest essentially equivalent diagnostic accuracy for MRE
and US in detection and staging of CD, with sensitivity and specificity generally > 80%. However, there is
marked heterogeneity in the primary literature, with most contributory studies being single centre and
recruiting relatively small participant numbers, typically < 50. Many studies are also retrospective and
quality is generally poor. For example, in their 2017 meta-analysis, Liu et al.23 reported that just 38% of
included studies were rated as ‘good quality’ using the quality assessment of diagnostic accuracy studies
(QUADAS) tool.27 Similarly, using the modified tool (QUADAS-2),28 Puylaert et al.26 found that in six of their
19 included studies blinding to the reference standard was either not done or not explicitly stated. Most
studies do not compare MRE and US in the same participants, which is the most effective design for
diagnostic accuracy studies because, for example, it reduces bias caused by difference between participants.29

There is also much variation in the applied standard of reference between studies, with endoscopy, surgery
and imaging itself all employed. By way of example, in the largest study of US to date (296 participants),30

the standard of reference was simple barium fluoroscopic studies in > 70% of recruited participants. Similarly,
in their single-centre comparative study of MRE and US in 249 participants with suspected CD (120 with a
confirmed diagnosis), Castiglione et al.31 used MRE itself as the standard of reference for small bowel Crohn’s
disease (SBCD) extent in the majority of participants who did not have surgical reference standard, clearly
risking incorporation bias. There is no single reference standard for defining the location, extent and activity
of CD. In such circumstances, the National Institute for Health Research (NIHR) acknowledges the advantages
of the construct reference standard paradigm (panel diagnosis) and incorporating the concept of clinical test
validation, that is, whether or not the results of an index test are meaningful in practice.32 Very few studies
have used such a consensus panel standard of reference, which considers all available clinical, endoscopic and
imaging data as well as patient outcomes.

Imaging of Crohn’s disease in the NHS

According to a 2010 UK survey,33 90% of NHS radiology departments routinely perform BaFT to investigate
known or suspected CD in patients, 80% perform CT, 56% perform US and 38% perform MRE. The use of
MRE has certainly increased since this survey was conducted.

INTRODUCTION
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TABLE 1 Summary of recent meta-analyses and systematic reviews reporting the diagnostic accuracy of MRE and US for SBCD

Author Year
Modalities
considered

Number of included
studies (participants)

Number of participants
in largest contributing
study (MRE or US) Main outcome Main findings

Liu et al.23 2017 CTE, MRE 21 (913) 72 (4 sites) Diagnostic accuracy CTE: sensitivity 0.87 (95% CI 0.78 to 0.92); specificity
0.91 (95% CI 0.84 to 0.95)

MRI: sensitivity 0.86 (95% CI 0.79 to 0.91); specificity
0.93 (95% CI 0.84 to 0.97)

Greenup et al.21 2016 CTE, MRE, US 21 (1135) 249 (120 with CD) (1 site) Diagnostic accuracy CTE: sensitivity 67–95%; specificity 70–90%

MRE: sensitivity 66–100%; specificity 72–100%

US: sensitivity 86–97%; specificity 83–97%

Choi et al.16 2017 CapE, CTE,
MRE, BaFT

24 (781) 89 (4 sites) Diagnostic accuracy Suspected CD:

l CE: sensitivity 62–100%; specificity 50–100%
l MRE: sensitivity 77%; specificity 80%
l BaFT: sensitivity 27.6%; specificity 100%

Established CD:

l CE: sensitivity 77–100%; specificity 53–100%
l CTE: sensitivity 76–82%; specificity 85–89%
l MRE: sensitivity 77–81%; specificity 80–90%

Qiu et al.24 2015 CTE, MRE 6 (290) 73 (4 sites) Diagnostic accuracy
(active disease)

CTE: sensitivity 85.8% (95% CI 79.2% to 90.9%);
specificity 83.6% (95% CI 75.3% to 90.1%)

MRE: sensitivity 87.9% (95% CI 81.8% to 92.5%);
specificity 81.2% (95% CI 71.9% to 88.4%)

Giles et al.20 2013 MRE 11 (496) (paediatric
participants only)

87 (1 site) Diagnostic accuracy MRE: sensitivity (terminal ileum) 0.84 (95% CI
0.77 to 0.90); specificity 0.97 (0.91 to 0.99)
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TABLE 1 Summary of recent meta-analyses and systematic reviews reporting the diagnostic accuracy of MRE and US for SBCD (continued )

Author Year
Modalities
considered

Number of included
studies (participants)

Number of participants
in largest contributing
study (MRE or US) Main outcome Main findings

Dong et al.18 2014 US 15 (1558) 249 (120 with CD) (1 site) Diagnostic accuracy Sensitivity 88% (95% CI 85% to 91%); specificity
97% (95% CI 96% to 98%)

Panés et al.12 2011 CTE, MRE, US Locating active CD:

l CTE: 1 (44)
l MRE: 5 (180)
l US: 8 (939)

Assessment of disease
activity:

l CTE: 9 (216)
l MRE: 6 (217)
l US: 6 (207)

296 (1 site) Diagnostic accuracy
(active disease)

Locating active CD:

l CTE: sensitivity 88%; specificity 88%
l MRE: sensitivity 74% (95% CI 68% to 80%);

specificity 91% (95% CI 86% to 95%)
l US: sensitivity 86% (95% CI 83% to 88%);

specificity 94% (95% CI 93% to 95%)

Assessment of disease activity:

l CTE: sensitivity 81% (95% CI 77% to 86%);
specificity 88% (95% CI 82% to 91%)

l MRE: sensitivity (per participant) 80% (95% CI 77%
to 83%); specificity 82% (95% CI 78% to 85%)

l US: sensitivity 85% (95% CI 79 to 89%); specificity
91% (95% CI 87% to 95%)

Ahmed et al.15 2016 MRE 19 (102) 249 (120 with CD) (1 site) Disease activity Sensitivity: 88% (95% CI 86% to 91%); specificity:
88% (95% CI 84% to 91%)

Puylaert et al.26 2015 CTE, MRE,
scintigraphy, US

19 (549) 76 (1 site) Disease activity Per-participant accuracy:

l CTE: 86% (95% CI 75% to 93%)
l MRI: 84% (95% CI 67% to 93%)
l Scintigraphy: 40% (95% CI 16% to 70%)
l US: 44% (95% CI 28% to 61%)

CapE, capsule endoscopy; CI, confidence interval.
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Across the NHS there is ad hoc provision and utilisation of newer imaging technologies in CD, with little
consistency between hospitals and no coherent implementation strategy. The choice of small bowel
imaging investigation currently depends largely on non-evidence-based decision-making, such as clinician
personal preference, perceived costs, available infrastructure and radiological expertise.

Ultimately, the optimal imaging strategy for CD remains uncertain and single-centre data are of limited
utility. Unbiased, robust data to inform the implementation strategy for newer imaging technologies are
currently unavailable.

Objectives of the METRIC trial

The primary aim of the Magnetic Resonance Enterography or ulTRasound In Crohn's disease (METRIC) trial
was to compare the diagnostic accuracy of MRE and US for extent of SBCD against a construct reference
standard, incorporating 6 months of participant follow-up. We recruited from two cohorts of participants:
newly diagnosed participants and participants with established CD clinically suspected of luminal relapse.
Secondary objectives included comparative accuracy of MRE and US in grading of inflammatory activity
and diagnostic accuracy in the colon, interobserver variability in interpretation of MRE and US and a
cost-effectiveness analysis. The impact of an oral contrast load prior to small intestine contrast-enhanced
ultrasonography (SICUS) on diagnostic accuracy compared with conventional US was investigated in a
subset of participants. We also modelled the diagnostic impact of both tests on clinician decision-making,
investigated the influence of MRE sequence selection on accuracy and assessed participant experience
of small bowel imaging.
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Chapter 2 Methods

Parts of this chapter have been reproduced or adapted from Taylor et al.34 This is an Open Access article
distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license,

which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided
the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text below
includes minor additions and formatting changes to the original text.

Study design

The METRIC trial was a multicentre, non-randomised, single-arm, prospective cohort study comparing the
diagnostic accuracy of MRE and enteric US for the presence, extent and activity of SBCD in newly diagnosed
participants or participants with established disease and suspected relapse. The full protocol has been
published.34 The trial achieved NHS Research Ethics Committee approval in September 2013 (reference
13/SC/0394) and was conducted in accordance with the principles of Good Clinical Practice. The trial was
supervised by University College London (UCL)’s Clinical Trials Unit, an independent Data Monitoring
Committee and a Trial Steering Committee. All recruited participants gave written informed consent.

Consecutive (i.e. unselected) eligible participants underwent MRE and US in addition to standard investigations
performed as part of their usual care, and their clinical course was followed for a period of 6 months. A
multidisciplinary consensus panel derived the reference standard for the presence, location and biological
activity of SBCD and colonic CD using all available clinical, endoscopic, imaging, biochemical and histological
data over the 6-month follow-up period. A summary of participant flow in the main trial is shown in Figure 1.
Agreement between radiologists’ interpretations of MRE and US was tested in a sample of participants, and
the contribution of specific MRE sequences on radiologist accuracy was investigated. The influence of oral
contrast type and volume on quality of bowel distension during MRE was evaluated and the effect of an oral
contrast load prior to SICUS on diagnostic accuracy compared with conventional US was tested in a sample of
participants. An exercise was undertaken by gastroenterologists to assess the diagnostic and therapeutic
impact of MRE and US on clinical decision-making, and comparative participant experience of MRE and US
was evaluated. The cost-effectiveness of MRE and US in both participant cohorts was assessed in an economic
evaluation. The full study protocol can be accessed via the UCL project page [URL: www.ucl.ac.uk/cctu/
research-areas/gastroenterology/metric (accessed 29 May 2019)].

Patient and public involvement

The METRIC trial was developed in collaboration with Crohn’s and Colitis UK [URL: https://crohnsandcolitis.
org.uk (accessed 29 May 2019)], which nominated a patient representative to join the trial team at the
inception of the project. The patient representative helped refine the research questions, devise the protocol
and successfully applied for the funding. By way of example, on their advice and guidance, we included a
detailed assessment of patient priorities for imaging their disease to better understand and interpret the
research findings. All patient-facing materials were designed with the patient representative (and in general
were very well received by participants). The representative sat on the Trial Management Committee and
Trial Steering Committee, providing guidance throughout the running of the trial and subsequent write-up,
for example helping to refine recruitment strategies and advising on dissemination. This collaboration has
been very productive and has now been expanded with the set-up of a patient forum to advise on current
and future imaging research in CD. The forum ensures a wide representation of opinion, including age, sex
and disease focus, and has been supported by Bowel & Cancer Research [URL: www.bowelcancerresearch.org
(accessed 29 May 2019)] and Motilent (London, UK), which supported (in kind) meetings costs.
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Recruitment sites

Participants were recruited from eight NHS hospitals in England and Scotland. A mixture of teaching and
general hospitals was included. All sites were required to have an established IBD service seeing > 150
participants annually and lead radiologists had to be affiliated with the British Society of Gastrointestinal and
Abdominal Radiology (BSGAR) to ensure expertise in CD imaging, including MRE and US (see Radiologist/
sonographer competence and training). To meet the trial imaging blinding protocol requirements, each site
had to nominate at least two radiologists/sonographers to participate in the study. Each site had a named
research nurse/practitioner or researcher responsible for recruitment.

Participants

Participants were recruited to two defined cohorts:

1. those newly diagnosed with CD
2. those previously diagnosed with CD with a high suspicion of luminal relapse requiring

radiological investigation.

Colonoscopya 
Conventional small bowel imaging 
if performed as part of standard 

clinical care

MRE and USb

HBI and levels of CRP and FCc

Discrepancy for the presence of
terminal ileald or proximal SBCDe

Additional small bowel investigationf

Y

N

Cohort 1: new diagnosis Cohort 2: suspected luminal relapse

Confirmed new diagnosis of CD 
or CD highly suspected on

endoscopy/imaging/histopathology

Known CD with high clinical suspicion 
of luminal relapse

Colonoscopy and/or conventional
small bowel imaging if performed as

part of standard clinical care

HBI and levels of CRP and FC
weeks 10 – 20c 

6-month follow-up

Consensus panel reference standard
for CD presence, extent and activity

FIGURE 1 Participant flow through the main study. CRP, C-reactive protein; FC, faecal calprotectin; HBI, Harvey–Bradshaw
Index. a, Already performed or pending at recruitment; b, interpreted by two independent blinded practitioners;
c, required specific participant consent; d, in the absence of endoscopic visualisation; e, in the absence of existing
small bowel imaging investigations or capsule endoscopy; f, for example capsule endoscopy, barium small-bowel
follow-through and/or CTE, at discretion of recruitment site.
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Inclusion criteria

New diagnosis cohort
Participants were eligible for the new diagnosis cohort if either they had undergone colonoscopy or
colonoscopy was planned, and they:

l had been recently diagnosed with CD (within 3 months of recruitment) based on endoscopic,
histological and radiological findings or were highly suspected of CD based on characteristic
endoscopic, imaging or histological features but pending final diagnosis

l were aged ≥ 16 years
l were able to give fully informed consent.

Suspected relapse cohort
Participants were eligible for the suspected relapse cohort if they:

l had a known diagnosis of CD with a high clinical suspicion of luminal relapse indicating
radiological investigation

l were aged ≥ 16 years
l were able to give fully informed consent.

A high clinical suspicion of luminal relapse was defined as objective markers of inflammatory activity
[a C-reactive protein (CRP) level of > 8 mg/l or a faecal calprotectin (FC) level of > 100 µg/g] or symptoms
suggestive of luminal stenosis (including obstructive symptoms such as colicky abdominal pain and
vomiting) or abnormal endoscopy suggesting relapse. A CRP level of > 8 mg/l (rather than > 5 mg/l) was
selected to increase specificity for participants with true relapse.

Exclusion criteria

Participants were not eligible for recruitment to either study cohort if they:

l had any psychiatric or other disorder likely to affect informed consent
l had evidence of severe or uncontrolled systemic disease that at the principal investigator’s discretion

rendered the individual unsuitable for participation
l were pregnant
l had contraindications to MRE (e.g. allergy to all suitable contrast agents, cardiac pacemaker, severe

claustrophobia, an inability to lie flat).

Participants were not eligible for recruitment to the new diagnosis cohort if they:

l had a final diagnosis other than CD
l underwent surgical resection prior to a pending colonoscopy.

Test methods

Recruited participants to both study cohorts underwent MRE and US.

Magnetic resonance enterography

Technical parameters
Magnetic resonance enterography was performed by the usual clinical radiographer team at each recruitment
site. To improve generalisability of results, the MRI platform (i.e. manufacturer and tesla (T) strength) utilised

DOI: 10.3310/hta23420 HEALTH TECHNOLOGY ASSESSMENT 2019 VOL. 23 NO. 42

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Taylor et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should
be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

9



was allocated by the lead site radiologist according to availability and their usual practice. Exact imaging
parameters varied according to MRI platform but a minimum data set of sequences was acquired, including
T2-weighted images with and without fat saturation, steady-state free precession gradient echo images,
diffusion-weighted images and T1-weighted images after intravenous gadolinium injection, as defined by
the study investigators (see Appendix 1, Table 40). The choice of oral contrast prior to MRE was also at the
discretion of the recruitment site and in accordance with their usual practice (see Appendix 2, Table 41).
Where possible, radiographers recorded the volume of oral contrast ingested by participants and the time
taken for ingestion prior to MRE.

In some participants, MRE had been performed as part of usual clinical care prior to recruitment. If it had
been performed within the preceding 4 weeks and according to the minimum data set of sequences, it
was deemed sufficient for the purposes of the study and not repeated (see Trial blinding).

Ultrasonography

Technical parameters
Ultrasonography was performed by local site radiologists or sonographers (see Radiologist/sonographer
competence and training) using standard US platforms at recruitment sites. Participants were nil by mouth
for 4 hours and no oral contrast was administered prior to US, although ingestion of two cups of water by
participants just prior to the scan was permissible to improve visualisation of the duodenum. A sample of
the participants were recruited to a substudy of SICUS and underwent an additional US after ingesting oral
contrast medium (see Chapter 4). The colon and small bowel were systematically interrogated using both
curvilinear and high-resolution linear probes (minimum 5MHz frequency). Colour Doppler was routinely
applied (with typical flow settings 6–9 m/second) but intravenous US contrast agents were not administered.
US performed as part of usual clinical care prior to recruitment was repeated for the purposes of the study if
appropriate blinding of the operator could not be assured (see Trial blinding).

Quality assurance
All sites sent in MRE and US images to the lead site [University College Hospital (UCLH)] for secure upload
and storage. Compliance with the minimal protocol data set was confirmed but formal quality assurance
was not undertaken given that all sites were experienced in both MRE and US techniques.

Clinical investigations

Colonoscopy
Participants recruited to the new diagnosis cohort either had undergone colonoscopy or had colonoscopy
planned as part of usual clinical care at recruitment. Participants recruited to the suspected relapse cohort
underwent colonoscopy only if deemed necessary as part of their routine clinical care, irrespective of study
recruitment. Colonoscopy was performed and reported by local gastroenterologists as per usual clinical
practice.

Additional small bowel imaging
All participants recruited to the trial underwent MRE and US. However, in addition, some participants
underwent additional small bowel imaging, for example CTE or BaFT, either prior to or after recruitment as
part of their usual clinical care. All additional small bowel imaging tests were performed and reported by
local radiologists as per their standard clinical practice.

Radiologist/sonographer competence and training
Competence and training requirements for the study were defined a priori such that individuals interpreting
trial imaging were representative of those individuals who report small bowel imaging in the NHS. We
specifically avoided using a small number of highly experienced subspecialty practitioners who would not be
representative of the NHS radiological workforce. Across all sites, 28 practitioners interpreted the MRE and
US studies (27 radiologists and one sonographer). Practitioners were selected by the sites’ lead radiologists
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and all met the training and experience criteria detailed below. Eight radiologists interpreted MRE only, three
performed and interpreted US only and 16 performed and interpreted US and MRE. All site lead radiologists
were affiliated to the BSGAR to ensure local dissemination of best practice. All reporting radiologists were
post Fellowship of the Royal College of Radiologists (FRCR) and either were at consultant level and/or had
≥ 1 year of subspecialty gastrointestinal experience. All had a declared subspecialty interest in gastrointestinal
radiology with previous experience of MRE and US. Specifically, radiologists interpreting MRE had a median
of 10 years of experience [interquartile range (IQR) 6–11 years] and practitioners interpreting US had a median
of 8 years of experience (IQR 4–11 years). The participating sonographer had undergone formal training, was
already performing enteric US in clinical practice with 20 years of experience and had been deemed competent
by their lead radiologist. The median number of examinations performed per month at each recruitment site
(including those patients not recruited to the METRIC trial) during the conduct of the trial was 30 (range 20–50,
IQR 20–45) for MRE and 25 (range 4–80, IQR 12–40) for US. The monthly range of MRE examinations across
sites was 20 (Queen Alexandra Hospital, Portsmouth, and St George’s Hospital, London) to 50 (UCLH,
London, and John Radcliffe Hospital, Oxford). The range of monthly US examinations across sites was three
(John Radcliffe Hospital, Oxford) to 80 (Queen Alexandra Hospital, Portsmouth). A 2-day hands-on US
training workshop was run in Portsmouth before trial commencement to standardise US technique and
agree the description of enteric findings (see Reporting of trial imaging).

Study imaging interpretation and reporting

Blinding of interpreting radiologists/sonographers
Unbiased estimates of imaging test diagnostic accuracy can be achieved only if those individuals interpreting
the tests are unaware of the findings of contemporaneous imaging and endoscopy. For example, a practitioner
aware of endoscopically confirmed terminal ileal disease could not give an unbiased evaluation of subsequent
US or MRE in the same patient. MRE and US for individual recruited participants were therefore interpreted
by different practitioners blinded to all clinical information other than the cohort (suspected relapse or new
diagnosis) and surgical history. Practitioners were blinded to all other current/past imaging investigations
and endoscopies. Surgical history was disclosed so as not to disadvantage US (sites of surgical resection are
usually indicated at the time of a clinical request for imaging). Practitioners performing US were explicitly
instructed to not converse with participants about their medical history, and where possible the examination
was witnessed by a research nurse. If blinding of the reporting practitioner could not be assured, for
example in the case of MRE or US performed prior to study recruitment, MRE images were reanalysed by a
blinded local radiologist, or a central radiologist at UCLH (if a suitable local radiologist was not available),
and the US was repeated by an appropriately blinded individual (as US interpretation occurs in real time and
cannot be reproduced by review of static images).

Reporting of trial imaging
The imaging appearances of CD on MRE and US are well described35 and utilised for the purposes of the
study. Guidance on the criteria for disease activity was provided to practitioners based on the literature at
the time of study design.12,22 Specifically, signs of active disease on MRE included wall thickening, increased
mural T2 signal, increased mesenteric T2 signal, increased enhancement (mucosal or layered), ulceration
and abscess; signs of active disease on US included wall thickening, focal hyperechoic mesentery (with or
without fat wrap), isolated thickened submucosal layer, poorly defined antimesenteric border, increased
Doppler vascular pattern, ulceration and abscess.

Practitioners completed a case report form (CRF) recording their findings for MRE and US. Items recorded
on the CRFs included the imaging platform used to acquire the images and confirmation of radiologist/
sonographer blinding to other investigations. The quality of visualisation for 10 bowel segments (duodenum,
jejunum, ileum, terminal ileum, caecum, ascending colon, transverse colon, descending colon, sigmoid colon
and rectum) was graded as good, moderate or poor. The terminal ileum was defined as the last 10 cm of the
small bowel and the jejunum was defined as the proximal bowel lying largely to the left of a diagonal line
drawn from the right lower quadrant to the left lower quadrant, demonstrating a typical feathery fold
pattern. Colonic segments were defined as previously described.36 The presence of any small bowel and/or
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colonic CD was then recorded using six confidence levels grouped into normal (levels 1 and 2), equivocal
(levels 3 and 4) and abnormal (levels 5 and 6). If disease presence was recorded as equivocal or abnormal
(i.e. confidence level 3 or higher), the level of disease activity was also scored from 1 (disease definitely not
active) to 6 (disease definitely active). The same grading system for disease presence and activity was then
applied to each of the 10 individual bowel segments. Terminal ileal disease extending contiguously for
greater than 10 cm was considered terminal ileal disease only and was not considered to be affecting both
the terminal ileum segment and ileal segments separately. If a segment contained more than one site of
disease (defined as > 3 cm of normal-appearing bowel between disease sites), this was recorded as a
separate disease site in that segment. Similarly, if there was > 3 cm of normal-appearing bowel between
terminal ileal disease and ileal disease, this was considered to be affecting both segments. In participants
with prior terminal ileal resection, the neo-terminal ileum was considered to be the terminal ileum for the
purposes of the trial. The presence of extraenteric complications including abscesses and fistulae were also
recorded. For MRE alone, the reporting radiologist recorded if their diagnostic confidence had been
influenced by diffusion-weighted images and/or contrast-enhanced images and if their diagnosis for disease
presence or activity had been changed after review of these sequences (see Chapter 6).

Following completion of the CRF, radiologists/sonographers produced an unblinded standard report for the
MRE and US as per usual clinical practice.

As part of an interobserver variation study, a proportion of participants underwent a second US by a
separate radiologist/sonographer who completed an identical CRF (see Chapter 5).

Generation of additional small bowel imaging for discrepant magnetic resonance
enterography and ultrasonography
There is no single reference standard for the presence of CD in the proximal small bowel upstream of the
terminal ileum (which is usually assessed during ileocolonoscopy). In participants who had not undergone
an additional small bowel imaging test [e.g. CTE, BaFT or capsule endoscopy (CapE)] as part of their usual
clinical care, the only available assessment of the proximal small bowel was MRE and US, risking
incorporation bias during the derivation of the reference standard. In such participants, radiologist/
sonographer interpretations of MRE and US were therefore reviewed at the time of reporting to ascertain
if they were discrepant for the presence of SBCD. Discrepancy was defined as (1) disease reported in the
terminal ileum on only MRE or US in the absence of endoscopic visualisation of the terminal ileum and/or
(2) disease reported in the small bowel upstream of the terminal ileum on only MRE or US, including
additional disease sites in those patients with multifocal involvement. To avoid unnecessary additional tests,
in participants with a reported single site of SBCD that differed only in segmental localisation between MRE
and US (e.g. ileum vs. jejunum), the local research team reviewed the imaging and opined if the tests were
probably concordant (i.e. same abnormality detected) or truly discrepant and recorded this accordingly.

Participants with a true SBCD discrepancy on MRE and US according to the above definitions were invited
to undergo an additional small bowel investigation within 8 weeks of the initial study imaging. The choice
of investigation was at the discretion of the recruitment site and could include BaFT, CTE or CapE for
example. Emphasis was placed on performing a new imaging modality but a repeat MRE or unblinded US
was permitted if an alternative imaging modality was deemed inappropriate by the clinical care team or
participant. The additional small bowel imaging test was interpreted by a site radiologist fully unblinded to
all other investigations and formed part of the later consensus panel review process for the study reference
standard.

Recruitment

Suitable participants were identified by members of the local research team, who established whether
or not the individual met the study entry criteria, from outpatient clinics, multidisciplinary team (MDT)
meetings, inpatient wards and lists of requests for small bowel imaging and endoscopy. A screening log
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recorded the details of all individuals approached to take part in the study and reasons for non-participation
if applicable. All individuals were handed or posted a participant information sheet detailing the study and
contact details of the study team should they have any questions. The study purpose and requirements
were also explained to participants face to face by an appropriately trained member of the research team.
All participants gave written consent prior to participation in the main METRIC study. Participants gave
additional written consent if they agreed to participate in the SICUS substudy (see Chapter 4), participate in
the US interobserver substudy (see Chapter 5) or complete patient experience questionnaires (see Chapter 7).
Participants retained a copy of their consent form and participant information sheet and were informed that
they could withdraw from the study at any time.

Data collection and participant follow-up

Data collation was co-ordinated by the UCL Comprehensive Clinical Trails Unit (CCTU). Demographic and
baseline clinical information was collected at recruitment using a specially designed CRF that recorded sex,
age, family history of IBD, smoking status, current CD-related medication, previous history of bowel surgery,
current symptoms and, for participants recruited to the suspected relapse cohort, time since CD diagnosis
and current Montreal classification.37 Participants were invited to supply a stool sample for measurement of
FC, to supply a blood sample for CRP measurement and to complete a Harvey–Bradshaw Index (HBI) disease
activity test38 at recruitment and again at 10–20 weeks, if these had not already been carried out as part of
usual clinical care. The findings of endoscopies and biopsies (if performed) were recorded on CRFs, as were
the findings of all contemporaneous imaging investigations (including those findings of additional small
bowel imaging triggered by discrepant MRE and US reports for the presence of SBCD). Complications
related to MRE or US were recorded on a specific CRF. The clinical course of participants was followed for a
period of 6 months after recruitment to inform the consensus panel review process and collate data for the
health economic analysis (see Chapter 10). During this time, details of any CD-related surgical interventions
(including histology) were recorded on CRFs, along with additional imaging/endoscopic investigations,
outpatient visits, hospital day visits, inpatient stays and details of CD medication. All CRFs were collated by
local site research nurses/practitioners and sent to the CCTU by post or fax. Forms were entered onto a
bespoke study database and any missing fields or apparent data inaccuracies queried with the centre to
optimise data collection.

Reference standard

The METRIC trial used the construct reference standard paradigm (panel diagnosis) incorporating the
concept of clinical test validation (i.e. whether or not the results of an index test are meaningful in
practice). Specifically, by following the participants’ clinical course for 6 months after recruitment it was
possible to assess the impact of clinical decision-making on participant outcomes based on the findings of
MRE and US. For example, if biological therapy was commenced based on a MRE or US finding of active
SBCD, the success or otherwise of this therapy could be ascertained using the 6-month participant
outcome data, contributing to the panel decision as to the validity or otherwise of the imaging findings.
Each recruitment site convened a series of consensus panels to derive the reference standard for disease
presence, extent and activity at the time of consent for each participant recruited at their site. Typically,
each consensus meeting considered around 10 participants in one 2- to 3-hour session and consisted of at
least one gastroenterologist from the recruitment site and at least two radiologists (one internal to the site
and one external, from another recruitment site), along with a member of the local research support team
to aid the running of the meeting and CRF completion. A member of the Trial Management Group (TMG)
attended each consensus meeting to ensure uniformity when defining disease presence, activity and extent
and a histopathologist was available to the panel if required. The panel considered all available clinical
information over the 6-month follow-up period, including the images and results of all small bowel
investigations (including MRE, US and all generated third small bowel imaging tests), endoscopy (reports
and images), surgical findings (if applicable), histopathology (surgical resection and biopsies), HBI, CRP level,
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FC level (and changes thereof in response to therapy), follow-up imaging and clinical course. Panels had
access to all completed follow-up CRFs as well as participant clinical results, records and letters via
the participant notes and/or electronic participant record. Panels also had access to the hospital picture
archiving and communications system (PACS) so they could review all small bowel imaging.

For each recruited participant, the panel completed a specific consensus reference standard CRF. The imaging,
endoscopic and clinical data considered by the panel were recorded, along with their interpretation of the
available data for presence and activity of SBCD and colonic CD. The panel specifically recorded the findings
of endoscopic and biopsy data, given its robustness as a standard of reference for the presence of colonic and
terminal ileal disease. Based on all information, the panel recorded if, in their opinion, there was any small bowel
or colonic CD present, and if present whether or not the disease was active. Disease could only be categorised
as active if there was at least one objective marker of activity [(1) ulceration as seen at endoscopy and/or
(2) measured CRP level of > 8 mg/l and/or (3) measured FC level of > 250 µg/g and/or (4) histopathological
evidence of acute inflammation based on biopsy or surgery within 2 months of study imaging]. Thereafter,
the presence and activity of CD in each of 10 bowel segments (duodenum, jejunum, ileum, terminal ileum,
caecum, ascending colon, transverse colon, descending colon, sigmoid colon and rectum) were recorded by
the panel. The original blinded study interpretations of MRE and US were reviewed by the panel and any
false-negative observations for disease presence (against the consensus reference standard) were classified
by the panel as radiologist perceptual error if the abnormality was visible on reviewing the imaging in
retrospect, or as a technical failure of the imaging modality if it was not. The panel also documented the
presence or absence of extraluminal complications including abscesses and fistulae. If consensus panels
could not reach agreement on any aspect of the reference standard CRF, they were able to refer the review
to another recruitment site’s consensus panel for their consideration.

Outcomes

A summary of the primary and secondary outcomes is shown in Appendix 3, Table 42. The primary outcome
for the main study was the difference in per-participant sensitivity between MRE and US for the correct
identification and localisation of SBCD, irrespective of activity, against the consensus reference standard.
For location matching, the small bowel was divided into duodenum, jejunum, ileum and terminal ileum
(see Reporting of trial imaging). Given the potential clinical impact of underdiagnosed SBCD (e.g. primary
surgery for isolated terminal ileal disease vs. medical management for more diffuse disease), to be a true
positive for the primary outcome the index test had to correctly locate both the presence and segmental
location of the disease. A summary of the criteria for agreement with the reference standard for disease extent
is given in Appendix 4, Table 43. Disease reported as equivocal was treated as positive for disease presence
given the potential clinical implications of an equivocal result on patient management and the need for further
investigations. A sensitivity analysis treating equivocal results as negative for disease presence was also
performed.

Secondary outcome measures were the difference in per-participant specificity of MRE and US for the
correct identification and localisation of SBCD irrespective of activity and the per-participant sensitivity and
specificity for identification of colonic CD presence and extent. Additional secondary outcome measures
were per-participant sensitivity and specificity for the presence of active SBCD and colonic CD against the
consensus reference standard. The secondary analyses were repeated for the terminal ileum and colonic
segments in participants with an available colonoscopic reference standard, given its robustness in CD
identification and activity assessment.

The primary and secondary analyses were performed for both cohorts combined and then separately for
the new diagnosis and suspected relapse cohorts.

Additional secondary outcomes pertaining to the comparative impact of MRE and US on clinician
diagnostic confidence and management, the lifetime incremental cost and cost-effectiveness of assessment
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using MRE or US, diagnostic accuracy of SICUS compared with conventional US, comparative participant
experience of MRE and US, diagnostic impact of novel MRE sequences and interobserver variation in the
evaluation of MRE and US data sets are described in the relevant chapters (see Chapters 4–10).

Sample size

Primary outcome
The sample size calculation was based on the primary outcome stipulated by the Health Technology
Assessment (HTA) commissioning brief: diagnostic accuracy for SBCD extent. There are two aspects of
correctly assigning disease extent: correctly detecting the presence of disease and correctly assigning its
segmental location. Study power was thus based on a two-faceted compound accuracy measure (disease
presence and disease location). Based on the available literature at the time of study design (see Report
Supplementary Material 1), it was assumed that MRE had 93% sensitivity for disease presence and 90%
sensitivity for disease location, resulting in an overall compound accuracy for disease extent of 83%
(93% × 90%). The corresponding assumed values for US were 88%, 83% and 73%, resulting in a 10%
difference in overall compound accuracy for disease extent between MRE and US (83% vs. 73%).
Assuming moderate correlation between the two imaging tests (68% positive test result on both MRE and
US), a total of 210 participants with SBCD were required to detect a 10% superiority of MRE over US at
90% power (type II error).39 Assuming a SBCD prevalence of 70%, a cohort of 301 participants was
required, and assuming 10% loss to follow-up/non-CD final diagnosis, a total cohort of 334 participants
(167 new diagnosis participants and 167 suspected relapse participants) was required. A sample size of
156 participants was sufficient to detect a 13% difference in sensitivity for the primary outcome between
MRE and US at 80% power.

Secondary outcomes
Study power for correct per-participant identification of disease activity assumed sensitivities of 88% and 78%
for MRE and US, respectively (see Report Supplementary Material 1). A total of 204 participants with active
disease gave 80% power to detect a 10% difference in correct per-participant disease activity classification.
Assuming a SBCD prevalence of 70% and 10% loss to follow-up, a cohort of 324 participants was required.
Sensitivity for correct per-participant identification of active disease in the terminal ileum against a colonoscopic
reference standard assumed that 200 participants would have colonoscopic data available (all the new
diagnosis cohort and one-third of the suspected relapse cohort). Assuming sensitivities for segmental disease
activity of 75% and 60% for MRE and US, respectively, and 70% prevalence of SBCD, 195 participants was
sufficient to detect a 15% difference in sensitivity.

Analysis

Disease reported as equivocal was treated as positive in the analysis. The primary outcome was calculated
per participant. Secondary outcomes for bowel segments were based on all segments, excluding those
segments resected at baseline (for terminal ileal resections, the neo-terminal ileum was considered to be
the terminal ileum).

Direct comparison of sensitivity and specificity differences between MRE and US were calculated using
bivariate multilevel participant-specific (conditional) random-effects models, from paired data using meqrlogit
in Stata® 14.2 (StataCorp LP, College Station, TX, USA). When models did not converge owing to small
numbers of participants, McNemar’s comparison of paired proportions was used to obtain univariable
estimates, and exact 95% confidence intervals (CIs) were calculated. Analysis by colonic segment used a
population-averaged random-effects model (using logit including robust standard errors). Statistical
significance was based on 95% CIs. There were no missing data for per-participant diagnosis of disease
presence or disease extent.
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Chapter 3 Results

This chapter contains material that is reproduced from Taylor et al.40 This is an Open Access article
distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license,

which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided
the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text below
includes minor additions and formatting changes to the original text.

Participants

Recruitment began in December 2013 and was completed in September 2016. Overall, 518 participants
were assessed for eligibility, of whom 183 were excluded, predominantly because they did not meet the
inclusion criteria or declined participation (Table 2).

Of the 335 participants who entered the trial, 51 were subsequently excluded (Table 3). The most frequent
reason was an ultimate diagnosis other than CD (31 participants).

The final cohort was 284 participants (133 and 151 in new diagnosis and suspected relapse cohorts,
respectively) (Figure 2). Appendix 5, Table 44, shows the recruitment and withdrawal numbers for each of
the eight recruitment sites. Figure 2 is the patient flow diagram.

Baseline participant characteristics

The demographic data of the final study cohort are shown in Table 4. There were marginally more men in the
new diagnosis cohort and more women in the suspected relapse cohort. Overall, 154 (54%) participants were
female. In the suspected relapse cohort, 101 (67%) participants had had CD for ≥ 6 years and 53 (35%) and
14 (9%) had a stricturing or penetrating disease phenotype, respectively.

TABLE 2 Reasons for exclusion of screened patients

Reason for exclusion n (%)

Non-CD diagnosis 22 (12)

Not able to give informed consent 7 (4)

Declined participation 58 (32)

No response to invitation to participate 28 (15)

Contraindication to MRI 8 (4)

Newly diagnosed > 3 months previously 2 (1)

Unable to complete MRE and/or US in timely fashion 20 (11)

Aged < 16 years 2 (1)

Previous recruitment or declined approach 5 (3)

CRP level not raised (suspected relapse cohort) 13 (7)

Moved/lived far way 4 (2)

Proceeded straight to surgery prior to colonoscopy (new diagnosis cohort) 4 (2)

Unknown 10 (6)

Total 183
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TABLE 3 Reasons for participant withdrawal

Reason for withdrawal

Cohort, n (%)

Total, n (%)New diagnosis Suspected relapse

Participant withdrew consent 0 (0) 3 (18) 3 (6)

Final diagnosis other than CD 25 (73) 6 (35) 31 (60)

Participant did not undergo MRE 0 (0) 5 (29) 5 (10)

Participant did not undergo US 2 (6) 1 (6) 3 (6)

Participant did not undergo MRE or US 2 (6) 0 (0) 2 (4)

Lost to follow-up 2 (6) 0 (0) 2 (4)

Underwent surgery without colonoscopy 2 (6) 0 (0) 2 (4)

No longer wished to participate at follow-up 1 (3) 2 (12) 3 (6)

Total 34 17 51

Screened participants
(n = 518)

• Declined participation, n = 58
• Failed to respond to invitation, n = 28
• Non-CD diagnosis, n = 22
• Unable to complete MRE and/or US in
   timely fashion, n = 20
• CPR level not raised (relapse cohort), n = 13
• Contraindication to MRE, n = 8
• Not able give informed consent, n = 7
• Previous recruitment or declined
   approach, n = 5
• Moved/lived far away, n = 4
• Proceeded straight to surgery prior to
   colonoscopy (new diagnosis cohort), n = 4
• Newly diagnosed > 3 months
   previously, n = 2
• Aged < 16 years, n = 2
• Unknown, n = 10

Recruited participants
(n = 335)

Included participants
(n = 284)

• Final diagnoses other than
   CD, n = 31
• Did not undergo MRE, n = 5
• Did not undergo US, n = 3
• Did not undergo MRE or US, n = 2
• Withdrew consent, n = 3
• No longer wished to participate
   at follow-up, n = 3
• Lost to follow-up, n = 2
• Underwent surgery without
   colonoscopy, n = 2

Newly diagnosed participants
(n = 133)

Suspected relapse participants
(n = 151)

Index tests
MRE and US

(n = 151)

Index tests
MRE and US

(n = 133)

Reference standard
Consensus panel at 6 months

(n = 133)

Reference standard
Consensus panel at 6 months

(n = 151)

Excluded
(n = 183)

Withdrawals
(n = 51)

FIGURE 2 Participant flow diagram. Reproduced from Taylor et al.40 This is an Open Access article distributed in
accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to
distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited.
See: http://creativecommons.org/licenses/by/4.0/.
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TABLE 4 Demographics of final study cohort

Variable

Cohort, n (%)

New diagnosis (N= 133) Suspected relapse (N= 151)

Sex

Male 69 (52) 61 (40)

Female 64 (48) 90 (60)

Age (years)

16–25 49 (36) 46 (30)

26–35 32 (24) 36 (24)

36–45 18 (14) 28 (19)

> 45 34 (26) 41 (27)

Disease duration

< 1 year N/A 5 (3)

1–5 years N//A 45 (30)

6–10 years N/A 39 (26)

> 10 years N/A 62 (41)

Disease location (Montreal classification)a

L1 N/A 56 (37)

L2 N/A 17 (11)

L3 N/A 74 (49)

L4 N/A 4 (3)

Disease behaviour (Montreal classification)a

B1 N/A 80 (53)

B1p N/A 4 (3)

B2 N/A 52 (34)

B2p N/A 1 (1)

B3 N//A 12 (8)

B3p N/A 2 (1)

Medicationb

None 62 (47) 32 (21)

5-ASA 21 (16) 26 (17)

Steroids 48 (36) 28 (19)

Immunomodulators 16 (12) 75 (50)

Anti-TNF therapy 5 (4) 42 (28)

Previous enteric resection 1 (1)c 72 (48)

5-ASA, 5-aminosalicylic acid; N/A, not applicable; TNF, tumour necrosis factor.
a Montreal classification not collected for new diagnosis participants.
b Participants could take more than one medication type.
c Surgical resection for inflammatory mass 1 year prior to CD diagnosis.
Reproduced from Taylor et al.40 This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Participants had a range of presenting symptoms, notably abdominal pain and diarrhoea (see Appendix 6,
Table 45). In general, symptoms were similar between the two cohorts, although the proportion of
participants reporting bloody diarrhoea was higher in those participants newly diagnosed, and a greater
proportion of those participants with relapse reported obstructive symptoms. There were no reported
major adverse events following MRE or US.

Consensus reference standard

The available small bowel imaging tests (including third tests generated by a discrepancy for SBCD presence or
location between MRE and US), CRP and FC levels, HBI and surgical resection specimens available to the
consensus panels are shown in Table 5. A total of 10 (8%) new diagnosis participants did not undergo full
colonoscopy despite this being planned at recruitment. Of these, five underwent flexible sigmoidoscopy
instead, and the remaining either declined or had a change in their clinical investigational plan. Colonoscopy
data were available for 66 (44%) of the suspected relapse cohort participants. There was a range of small
bowel imaging tests available over and above MRE and US, including CapE, BaFT and CTE.

TABLE 5 Range of investigations available to the consensus reference panel

Variable

Cohort, n (%)

New diagnosis (N= 133) Suspected relapse (N= 151)

MRE 133 (100) 151 (100)

US 133 (100) 151 (100)

Colonoscopy 123 (92) 66 (44)a

Gastroscopy 11 (8) 6 (4)

Sigmoidoscopy 5 (4) 12 (8)

CapE 10 (8) 8 (5)

CTE 4 (3) 9 (6)

CT abdomen and/or pelvis 21 (16) 13 (9)

MR enteroclysis 4 (3) 6 (4)

MRI abdomen and/or pelvis 5 (4) 8 (5)

BaFT 8 (6) 19 (13)

Barium enteroclysis 3 (2) 7 (5)

Hydrosonography 28 (21) 37 (25)

White cell scan 0 (0) 0 (0)

CRP level

Baseline 127 (95) 145 (96)

10–20 weeks 108 (81) 120 (79)

HBI

Baseline 124 (93) 142 (94)

10–20 weeks 71 (53) 77 (51)

FC level

Baseline 87 (65) 89 (59)

10–20 weeks 53 (40) 65 (43)
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Based on the consensus reference standard, 233 (82%) participants had SBCD (meeting the requirements
of the sample size calculation), which was active in 209 (89%) (Table 6). A total of 129 (45%) participants
had colonic CD, which was active in 126 (98%). Participants often fulfilled more than one criterion for
active disease (raised CRP/FC levels, ulceration at endoscopy, histopathological evidence of inflammation)
(see Table 6). The prevalence of SBCD was similar between the new diagnosis and suspected relapse cohorts,
although colonic CD tended to be more prevalent in the former. The prevalence of activity was high when
disease was present and was also similar between the two cohorts.

The presence and activity of SBCD and colonic CD according to individual bowel segments is shown in
Appendix 7, Table 46. The prevalence of individual small bowel segmental disease was similar between the
new diagnosis and suspected relapse cohorts, although segmental colonic CD was more prevalent in the
former.

A total of 21 participants had enteric fistulae and seven participants had an intra-abdominal abscess.
Specifically, three (2%) and four (3%) participants had an abscess in the new diagnosis cohort and in the
suspected relapse cohort, respectively. A total of 10 (8%) and 11 (7%) participants had a fistula in the
new diagnosis cohort and in the suspected relapse cohort, respectively.

There were 61 bowel segments considered to have a stenosis causing obstruction: 18 in the new diagnosis
cohort and 43 in the suspected relapse cohort.

The practitioners’ opinion on the quality of segmental visualisation for both MRE and US according to the
participant cohort is shown in Appendix 8, Tables 47 and 48. In general, visualisation of ileal and terminal
ileal segments was rated as at least moderate in > 90% of participants on both MRE and US, with no
major difference between cohorts. Visualisation of the duodenum was rated as poor in 15 out of 133
(11%) new diagnosis participants and 18 out 151 (12%) suspected relapse participants on MRE, and in
23 out of 133 (17%) new diagnosis participants and 27 out of 151 (18%) suspected relapse participants
for US. Jejunal visualisation tended to be better on US, for example rated as poor in 23 out of 151 (15%)
suspected relapse participants on MRE compared with 8 out of 151 (5%) on US. Colonic visualisation was
inferior to that of the small bowel on both MRE and US but better on US than MRE for five out of six
segments. For example, visualisation of the descending colon was rated as good in 58 out of 133 (44%)
new diagnosis participants using MRE compared with 92 out of 133 (69%) new diagnosis participants on
US. The only exception was the rectum, where visualisation was rated as poor in 74 out of 133 (56%) new
diagnosis participants on US compared with 40 out of 133 (30%) new diagnosis participants on MRE.

TABLE 5 Range of investigations available to the consensus reference panel (continued )

Variable

Cohort, n (%)

New diagnosis (N= 133) Suspected relapse (N= 151)

Surgical resection

Before recruitment 1 (1) 72 (48)

During trial follow-up 1 (1) 2 (1)

Other 8 (6) 20 (13)

a Three participants with follow-up colonoscopies; data not available for these participants.
Reproduced from Taylor et al.40 This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work,
for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Test results and outcomes

Identification and localisation of small bowel and colonic Crohn’s disease against the
consensus reference standard
In total, 53 participants (24 new diagnosis and 29 suspected relapse participants) were discrepant for
SBCD presence or location between MRE and US, of whom 48 had an additional small bowel imaging test
available to the consensus panel. Of these, 17 (71%) new diagnosis participants and 17 (59%) suspected
relapse participants were discrepant for the presence of terminal ileal disease. The full range of imaging
and endoscopic data available to the consensus panels for these participants is shown in Appendix 9,
Table 49.

Appendix 10, Table 50, provides the raw data for the primary outcome and main secondary outcome.

Primary outcome
For SBCD extent, MRE sensitivity (i.e. presence and correct segmental location) was 80% (95% CI 72% to
86%), compared with 70% (95% CI 62% to 78%) for US, a difference of 10% (95% CI 1% to 18%),
which was statistically significant (p = 0.027) (Table 7 and Figure 3).

TABLE 6 Per-participant disease presence and activity according to the consensus reference standard

Variable

Cohort

New diagnosis (N= 133) Suspected relapse (N= 151)

Disease presence

SBCD present, n (%) 111 (83) 122 (81)

Colonic CD present, n (%) 77 (58) 52 (34)

Both SBCD and colonic CD present, n (%) 55 (41) 37 (25)

Total number of participants with disease present, n (%) 133 (100) 137 (91)

Average number of involved small bowel segments
[median (IQR), maximum]

1 (1–1), 4 1 (1–1), 3

Average number of involved colonic segments
[median (IQR), maximum]

1 (0–3), 6 0 (0–1), 6

Disease activity, n (%)

Small bowel active disease 104 (94) 105 (86)

Colonic active disease 76 (99) 50 (96)

Total number of participants with active diseasea 130 (98) 121 (88)

Criteria for activity, n (%)

Ulceration at endoscopy 71 (55) 26 (21)

CRP level of > 8 mg/l 47 (36) 57 (47)

FC level of > 250 µg/g 41 (32) 43 (36)

Histological evidence of activity 100 (77) 36 (30)

a Participants could meet more than one criterion for active disease.
Reproduced from Taylor et al.40 This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work,
for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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TABLE 7 Per-participant sensitivity and specificity for disease presence and extent against the consensus reference standard (both cohorts combined)

Variable
Disease-positive
participants (n) a

Sensitivity, % (95% CI; p-value)
Disease-negative
participants (n) a

Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference

SBCD

Extentb 233 80 (72 to 86) 70 (62 to 78) 10 (1 to 18; 0.027) 51 95 (85 to 98) 81 (64 to 91) 14 (1 to 27; 0.039)

Presence 233 97 (91 to 99) 92 (84 to 96) 5 (1 to 9; 0.025) 51 96 (86 to 99) 84 (65 to 94) 12 (0 to 25; 0.054)

Colonic CD

Extentb 129 22 (14 to 32) 17 (10 to 27) 5 (–5 to 15; 0.332) 155 93 (87 to 97) 93 (87 to 97) 0 (–5 to 5; 1.000)

Presence 129 64 (50 to 75) 73 (59 to 83) –9 (–23 to 5; 0.202) 155 96 (90 to 98) 96 (90 to 98) 0 (–3 to 3; 1.000)

SBCD and colonic CD

Etentb 270 45 (36 to 54) 29 (21 to 38) 16 (6 to 25; 0.002) 14 80 (42 to 96) 61 (23 to 89) 19 (–20 to 59; 0.337)

Presencec 270 78 (70 to 85) 71 (62 to 79) 7 (–2 to 15; 0.117) 14 80 (42 to 96) 61 (23 to 89) 19 (–20 to 59; 0.335)

a By consensus reference standard.
b Agreement with reference standard for disease presence and segmental location.
c Agreement with reference standard for disease presence in participants with disease in the small bowel, colon or both.
Reproduced from Taylor et al.40 This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to
distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Secondary outcomes
Magnetic resonance enterography specificity for SBCD extent was also significantly greater than that of US
[95% (95% CI 85% to 98%) vs. 81% (95% CI 64% to 91%), respectively, a difference of 14% (95% CI
1% to 27%)].

The potential impact of staging SBCD extent with either MRE or US in a theoretical 1000-participant
cohort is shown in Figure 4.

Regardless of location, sensitivity of MRE for SBCD presence was 97% (95% CI 91% to 99%), significantly
greater than that of US [92% (95% CI 84% to 96%)] [a difference of 5% (95% CI 1% to 9%)]. MRE and
US specificity for SBCD presence was 96% (95% CI 86% to 99%) and 84% (95% CI 65% to 94%),
respectively: a difference of 12% (95% CI 0% to 25%). The potential impact of staging SBCD presence
with either MRE or US in a theoretical 1000-participant cohort is shown in Appendix 11, Figure 11.

There were no significant differences in sensitivity or specificity between MRE and US for colonic CD extent
or presence (see Table 7), although for both tests sensitivities were considerably less than for SBCD. MRE
was 64% (95% CI 50% to 75%) sensitive for colonic CD presence but just 22% (14% to 32%) sensitive
for extent (which required correct identification of involved colonic segments); the corresponding figures
for US were 73% (59% to 83%) and 17% (10% to 27%).

The sensitivity and specificity for individual small bowel and colonic segments is given in Table 8. Although
the study was not powered to detect differences on a segmental level, MRE was significantly more
sensitive than US for ileal disease [84% (95% CI 67% to 93%) vs. 56% (95% CI 38 to 73), respectively].
Sensitivity for the eight diseased duodenal segments was low, at 25% (95% CI 7% to 59%), for both
MRE and US. Sensitivity for jejunal disease was 71% (95% CI 38% to 91%) for MRE and 63% (95% CI
32% to 86%) for US. For five out of six colonic segments, sensitivity was ≈40–50% for both tests.
However, sensitivity for rectal disease was significantly lower for US [22% (95% CI 13% to 35%)] than for
MRE [44% (95% CI 32% to 58%)], with a difference of 22% (95% CI 9% to 35%).

0 20 40 60
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Test TP FN FP TN
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(95% CI)
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(95% CI)
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US
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FIGURE 3 Sensitivity and specificity of MRE and US for SBCD and colonic CD extent and presence against the
consensus reference standard. Sensitivity, specificity and 95% CIs are analysed to compare test accuracy within
individual participants using bivariate multilevel participant-specific (conditional) random-effects modelling.
FN, false negative; FP, false positive; TN, true negative; TP, true positive. Reproduced from Taylor et al.40 This is an
Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)
license, which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided
the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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MRE US

Average number or people affected
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Differences
between

MRE and US

82 extra participants
with SBCD extent

correctly diagnosed
with MRE compared

with US

25 participants
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US compared 
with MRE

25 extra participants
without SBCD
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MRE/US result
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result is

correct for
disease extent
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CD and suspected 
relapse (example 

based on 1000 
participants)

n = 656 n = 574

n = 171 n = 146

n = 9 n = 34

n = 164 n = 246

Imaging test
result is

incorrect for
disease extent

Correct treatment

Correct treatment

Incorrect treatment

Incorrect treatment

Test is correct

Test is correct
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’False negative’

Participant SBCD 
extent is correct

Participant does not
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Participant does not
have SBCD

Participant SBCD 
extent incorrect 

or SBCD not 
identified

FIGURE 4 Potential impact of staging SBCD extent with either MRE or US in a theoretical 1000-participant cohort. Numbers of hypothetical participants are calculated from
sensitivity and specificity results comparing test accuracy within individual participants.
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TABLE 8 Per-segment sensitivity and specificity for disease presence against the consensus reference standard (both cohorts combined)

Variable
Disease-positive
segments (n) a

Sensitivity, % (95% CI; p-value)
Disease-negative
segments (n) a

Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference

Small bowel segments

Duodenumb 8 25 (7 to 59) 25 (7 to 59) 0 (–13 to 13; 1.000) 276 100 (99 to 100) 99 (97 to 100) 1 (0 to 3; 0.250)

Jejunum 13 71 (38 to 91) 63 (32 to 86) 8 (–29 to 46; 0.664) 271 99 (93 to 100) 99 (94 to 100) 0 (–2 to 1; 0.741)

Ileum 38 84 (67 to 93) 56 (38 to 73) 28 (8 to 49; 0.008) 246 93 (87 to 97) 93 (87 to 96) 0 (–4 to 4; 0.871)

Terminal ileum 217 96 (91 to 99) 92 (84 to 96) 4 (0 to 8; 0.051) 67 97 (90 to 99) 93 (81 to 98) 4 (–2 to 10; 0.197)

Colonic segmentsc

Caecum 78 46 (35 to 57) 46 (35 to 57) 0 (–12 to 12; 1.000) 147 96 (92 to 99) 90 (85 to 94) 6 (0 to 12; 0.036)

Ascending 67 49 (38 to 61) 49 (38 to 61) 0 (–10 to 10; 1.000) 200 96 (93 to 98) 92 (88 to 95) 4 (0 to 8; 0.058)

Transverse 61 46 (34 to 58) 44 (32 to 57) 2 (–12 to 15; 0.809) 218 97 (93 to 98) 95 (91 to 97) 2 (–1 to 5; 0.130)

Descending 59 53 (40 to 65) 41 (29 to 54) 12 (–1 to 24; 0.063) 221 98 (95 to 99) 95 (91 to 97) 3 (0 to 6; 0.033)

Sigmoid 76 46 (35 to 57) 43 (33 to 55) 3 (–11 to 16; 0.695) 203 96 (92 to 98) 93 (89 to 96) 3 (–1 to 7; 0.179)

Rectum 54 44 (32 to 58) 22 (13 to 35) 22 (9 to 35; 0.001) 228 97 (94 to 99) 93 (89 to 96) 4 (0 to 7; 0.072)

a By consensus reference standard.
b McNemar’s test owing to the small number of participants with disease presence.
c Analysis for individual colonic segments uses a population-average approach.
Reproduced from Taylor et al.40 This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to
distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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The sensitivity and specificity of MRE and US for SBCD and colonic CD presence and extent according to
the participant cohort is shown in Table 9. Sensitivities of both tests for SBCD presence and extent in the
new diagnosis and suspected relapse participant cohorts were very similar to those sensitivities estimated
across all participants (see Table 7), although differences were not statistically significant (the study was
not powered to detect differences in the cohorts).

However, US had significantly greater sensitivity for colonic CD presence than MRE in the new diagnosis
cohort [67% (95% CI 49% to 81%) vs. 47% (95% CI 31% to 64%), respectively: a difference 20%
(95% CI 1% to 39%)]. For both MRE and US, sensitivity for colonic CD presence was higher in the
suspected relapse participant cohort, although the estimated sensitivity for colonic CD extent was poor for
both: MRE had 17% (95% CI 9% to 30%) sensitivity for colonic CD extent in the new diagnosis cohort
and 31% (95% CI 17% to 48%) sensitivity in the suspected relapse cohort. The corresponding figures for
US were 9% (95% CI 4% to 19%) and 33% (95% CI 19% to 51%), respectively.

The sensitivity and specificity for individual small bowel and colonic segments according to participant cohort
is given in Appendix 12, Table 51. In general, sensitivities of both tests for small bowel segmental disease
presence in the new diagnosis and suspected relapse cohorts were very similar to those sensitivities estimated
across all participants, although we note that the study was not powered to detect differences in the cohorts
(see Table 8). MRE had 100% (95% CI 61% to 100%) sensitivity for jejunal disease in the suspected relapse
cohort, compared with 43% (95% CI 16% to 75%) in the new diagnosis cohort, although there were only
six and seven positive segments in each cohort, respectively. Sensitivity for colonic segmental disease was
higher in the suspected relapse cohort than in the new diagnosis cohort for both MRE and US, consistent
with the findings across all participants (see Tables 7 and 8).

Identification and localisation of small bowel Crohn’s disease and colonic Crohn’s
disease against an ileocolonoscopic reference
Colonoscopy data were available for 186 participants (123 in the new diagnosis cohort and 63 in the
suspected relapse cohort). The sensitivity and specificity of MRE and US for terminal ileal and colonic
segmental disease against an ileocolonoscopic standard of reference is shown in Table 10.40 MRE had a
sensitivity of 97% (95% CI 91% to 99%) for terminal ileal disease presence, compared with a sensitivity of
91% (95% CI 79% to 97%) for US: a difference of 6% (95% CI –1% to 12%), which is similar to the
5% sensitivity difference between the tests for the presence of SBCD against the consensus reference
standard (see Table 7). However, specificity was low, at 41% (95% CI 21% to 64%) for MRE and 33%
(95% CI 15% to 57%) for US. Sensitivity for colonic CD presence was modest for both MRE and US
[41% (95% CI 26% to 58%) and 49% (95% CI 33% to 65%)] and somewhat lower than the consensus
reference standard, which included the 98 participants without ileocolonoscopy. The differences between
MRE and US were not statistically significant (the study was not powered to detect differences based on a
colonoscopic standard of reference alone).

The sensitivity and specificity of MRE and US for terminal ileal and colonic segmental disease against an
ileocolonoscopic standard of reference according to the participant cohort is show in Appendix 13,
Table 52.

Extraenteric complications
Magnetic resonance enterography detected five out of seven (71%) abscesses and 18 out of 21 (86%)
participants with enteric fistulae, compared with three out of seven (43%) and 11 out of 21 (52%) for
US, respectively. Of the 61 participants with a stenosis considered to be causing obstruction by the
consensus reference standard, MRE detected 33 (54%) and US detected 20 (33%) of these. There were
52 false-positive segments for stenosis on MRE and 45 for US.
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TABLE 9 Sensitivity and specificity for disease presence and extent against the consensus reference standard according to participant cohort

Variable

New diagnosis (N= 133) Suspected relapse (N= 151)

Disease-
positive
participants
(n)

a

Disease-
negative
participants
(n)

a

Sensitivity, % (95% CI; p-value) Specificity, % (95% CI; p-value) Disease-
positive
participants
(n)

a

Disease-
negative
participants
(n)

a

Sensitivity, % (95% CI; p-value) Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference MRE US Difference MRE US Difference

SBCD

Extent
b

111 22 77
(66 to 86)

66
(54 to 77)

11 (–2 to 24;
0.099)

98
(82 to 100)

88
(64 to 97)

10 (–5 to 24;
0.195)

122 29 82
(72 to 89)

74
(62 to 83)

8 (–3 to 19;
0.141)

92
(74 to 98)

75
(50 to 90)

17 (–3 to 37;
0.099)

Presence 111 22 96
(89 to 99)

92
(82 to 96)

4 (–1 to 10;
0.148)

99
(84 to 100)

91
(65 to 98)

8 (–5 to 21;
0.238)

122 29 97
(91 to 99)

92
(82 to 96)

5 (0 to 11;
0.063)

94
(76 to 99)

78
(50 to 92)

16 (–4 to 36;
0.111)

Colonic CD

Extent
b

77 56 17
(9 to 30)

9
(4 to 19)

8 (–2 to 19;
0.115)

93
(82 to 98)

92
(80 to 97)

1 (–7 to 10;
0.752)

52 99 31
(17 to 48)

33
(19 to 51)

–2 (–22 to 17;
0.817)

93
(85 to 97)

94
(86 to 97)

–1 (–7 to 5;
0.804)

Presence 77 56 47
(31 to 64)

67
(49 to 81)

–20 (–39 to –1;
0.043)

96
(86 to 99)

95
(84 to 98)

1 (–5 to 7;
0.738)

52 99 84
(67 to 94)

80
(61 to 91)

4 (–11 to 20;
0.589)

96
(88 to 98)

95
(89 to 99)

–1 (–5 to 4;
0.791)

SBCD and colonic CD

Extent
b

133 0 33
(22 to 46)

20
(12 to 30)

13 (1 to 26;
0.029)

N/A N/A N/A 137 14 56
(43 to 68)

40
(28 to 52)

16 (2 to 31;
0.027)

80
(42 to 96)

61
(24 to 88)

19 (–20 to 59;
0.339)

Presence
c

133 0 65
(52 to 76)

66
(53 to 77)

–1 (–15 to 13;
0.877)

N/A N/A N/A 137 14 88
(79 to 93)

76
(64 to 85)

12 (2 to 22;
0.018)

80
(42 to 96)

61
(23 to 89)

19 (–20 to 59;
0.336)

N/A, not applicable.
a By consensus reference standard.
b Agreement with reference standard for disease presence and segmental location.
c Agreement with reference standard for disease presence in participants with disease in the small bowel, colon or both.
Reproduced from Taylor et al.40 This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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TABLE 10 Sensitivity and specificity for terminal ileal and colonic CD presence against an ileocolonoscopic reference (both cohorts combined)

Variable
Disease-positive
participants (n)a

Sensitivity, % (95% CI; p-value)
Disease-negative
participants (n)a

Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference

Colonic CD

Extentb 109 3 (1 to 11) 2 (0 to 8) 1 (–2 to 4; 0.429) 77 94 (81 to 98) 89 (73 to 96) 5 (–3 to 14; 0.240)

Presence 109 41 (26 to 58) 49 (33 to 65) –8 (–26 to 9; 0.368) 77 95 (85 to 98) 90 (76 to 96) 5 (–3 to 13; 0.233)

Disease-positive
segments (n)a

Sensitivity, % (95% CI; p-value)
Disease-negative
segments (n)a

Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference

Small bowel segments

Terminal ileum 105 97 (91 to 99) 91 (79 to 97) 6 (–1 to 12; 0.091) 81 41 (21 to 64) 33 (15 to 57) 8 (–14 to 30; 0.474)

Colonic segmentsc

Caecum 73 22 (14 to 33) 25 (16 to 36) –3 (–14 to 9; 0.638) 101 72 (63 to 80) 65 (56 to 74) 7 (0 to 13; 0.043)

Ascending 62 26 (16 to 38) 23 (14 to 35) 3 (–6 to 12; 0.479) 121 88 (80 to 92) 81 (73 to 87) 7 (0 to 13; 0.043)

Transverse 54 24 (15 to 37) 24 (15 to 37) 0 (–9 to 9; 1.000) 132 92 (86 to 96) 90 (84 to 94) 2 (–2 to 6; 0.256)

Descending 58 27 (18 to 40) 24 (15 to 37) 3 (–6 to 13; 0.479) 128 95 (90 to 98) 93 (87 to 96) 2 (–1 to 6; 0.178)

Sigmoid 74 24 (16 to 35) 28 (19 to 40) –4 (–17 to 9; 0.532) 111 94 (87 to 97) 94 (87 to 97) 0 (–6 to 6; 1.000)

Rectum 61 26 (17 to 39) 13 (7 to 24) 13 (2 to 25; 0.027) 125 97 (92 to 99) 94 (88 to 97) 3 (–2 to 8; 0.204)

a By ileocolonoscopy reference standard.
b Agreement with reference standard for disease presence and segmental location.
c Analysis for individual colonic segments uses a population-average approach.
Reproduced from Taylor et al.40 This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to
distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Disease activity assessment against the consensus reference standard
Magnetic resonance enterography per-participant sensitivity for active SBCD was 96% (95% CI 92% to
99%), compared with 90% (95% CI 82% to 95%) for US: a difference of 6% (95% CI 2% to 11%),
which was statistically significant (Table 11). Specificity for active SBCD and accuracy for active colonic CD
were not significantly different between the two tests (see Table 11).

The sensitivity and specificity of MRE and US for detecting active SBCD and colonic CD according to the
participant cohort is shown in Appendix 14, Table 53. Sensitivity and specificity for active SBCD according to
the participant cohort were very similar to those estimated across all participants, although sensitivity for
active colonic CD was generally higher in the suspected relapse cohort than in the new diagnosis cohort.

Disease activity assessment against an ileocolonoscopic reference
The sensitivity and specificity of MRE and US for active terminal ileal and colonic CD across all participants
(n = 186) against an ileocolonoscopic standard of reference is show in Table 12 and, according to participant
cohort, in Appendix 15, Table 54. Overall, MRE had significantly greater sensitivity for endoscopically
diagnosed active terminal ileal disease than US [97% (95% CI 91% to 99%) vs. 86% (95% CI 70% to 95%),
respectively]. There were no differences in sensitivity for active colonic CD. Sensitivity and specificity for active
disease according to the participant cohort were very similar to those estimated across all participants.

Equivocal magnetic resonance enterography and ultrasonography findings
The numbers of MRE and US equivocal observations (i.e. marked with a confidence score of 3 or 4 by the
practitioner) for disease presence are shown in Table 13. Overall, there were relatively few instances of
equivocal scores for either SBCD presence [3% (9/284) for MRE; 6% (17/284) for US] or for colonic CD
presence [4% (12/284) for MRE; 6% (18/284) for US]. Of the nine equivocal MRE scores for SBCD
presence, eight were disease positive by the consensus reference standard and one was disease negative.
Conversely, of the 12 equivocal MRE scores for colon disease presence, five were disease positive by the
consensus reference standard and seven were disease negative.

Of the 17 equivocal US scores for SBCD presence, 12 were disease positive by the consensus reference
standard and five were disease negative. Of the 18 equivocal US scores for colon disease presence,
13 were disease positive by the consensus reference standard and five were disease negative.

Overall, of the 21 MRE scores for small bowel or colonic CD presence, 12 were in the new diagnosis
cohort and nine were in the suspected relapse cohort. Of the 35 equivocal US scores, 20 were in the new
diagnosis cohort and 15 were in the suspected relapse cohort.

The number of equivocal scores for disease activity (Table 14) was higher than for disease presence.
Specifically, for small bowel activity, 7% (19/284) of scores were equivocal for MRE and 11% (31/284) of
scores were equivocal for US; for colonic CD activity, 6% (17/284) of scores were equivocal for MRE and
7% (19/284) of scores were equivocal for US.

Equivocal magnetic resonance enterography and ultrasonography findings: sensitivity
analysis for the primary outcome
When equivocal scores were treated as disease negative, MRE sensitivity for SBCD extent (i.e. presence and
correct segmental location) was 75% (95% CI 67% to 82%), compared with 60% (95% CI 51% to 68%)
for US: a difference of 15% (95% CI 6% to 25%), which was statistically significant (Table 15). However,
specificity was not significantly different, increasing to 90% (95% CI 77% to 96%) for US compared with
96% (95% CI 86% to 99%) for MRE.

Perceptual errors on magnetic resonance enterography and ultrasonography
The number of perceptual errors for MRE and US based on retrospective consensus panel review is shown
in Appendix 16, Table 55. Detecting perceptual errors is intended to improve understanding of the
maximum theoretical accuracy of the technology after correcting for any reader errors.

RESULTS
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TABLE 11 Per-participant sensitivity and specificity for the presence of active disease against the consensus reference standard (both cohorts combined)

Variable
Participants with
active disease (n)a

Sensitivity, % (95% CI; p-value)
Participants with
inactive disease (n)a

Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference

Active SBCD 209 96 (92 to 99) 90 (82 to 95) 6 (2 to 11; 0.010) 75 83 (68 to 92) 77 (60 to 88) 6 (–8 to 20; 0.376)

Active colonic CD 126 63 (48 to 76) 66 (51 to 79) –3 (–18 to 13);
0.735)

158 97 (91 to 99) 98 (94 to 99) –1 (–4 to 1; 0.304)

Active SBCD and
colonic CDb

251 77 (68 to 85) 66 (56 to 75) 11 (1 to 21; 0.024) 33 28 (10 to 56) 28 (10 to 56) 0 (–26 to 26; 1.000)

a By consensus reference standard.
b Agreement with reference standard for the presence of active disease in participants with disease in the small bowel, colon or both.
Reproduced from Taylor et al.40 This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to
distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

TABLE 12 Sensitivity and specificity for presence of active terminal ileal and colonic CD vs. ileocolonoscopy reference (both cohorts combined)

Variable
Disease-active
participants (n)a

Sensitivity, % (95% CI; p-value)
Disease-inactive
participants (n)a

Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference

Active terminal
ileum disease

100 97 (90 to 99) 86 (70 to 95) 11 (1 to 22; 0.031) 86 45 (25 to 67) 38 (19 to 60) 7 (–14 to 29; 0.497)

Active colonic CD 90 44 (25 to 63) 44 (25 to 63) 0 (–20 to 20; 1.000) 96 93 (83 to 98) 94 (84 to 98) –1 (–6 to 5; 0.808)

a By ileocolonoscopy reference standard.
Reproduced from Taylor et al.40 This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to
distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Overall, the rates of perceptual error were relatively low, and similar between MRE and US. Specifically,
across the 284-participant cohort, 22 (8%) participants had perceptual errors on MRE, compared with 33
(12%) on US. Similarly, in the colon, 25 (9%) participants had perceptual errors on MRE, compared with
23 (8%) on US. For both modalities, all perceptual errors were false negative, with no false-positive errors.

Identification and localisation of small bowel and colonic Crohn’s disease against the
consensus reference standard according to recruitment site
The sensitivity and specificity for SBCD extent according to the recruitment site is shown in Table 16.
Data are combined for the lower-recruiting sites.

TABLE 14 Number of equivocal MRE and US findings for per-participant disease activity (both cohorts combined)

Variable Participants (n)

Equivocal scores for disease presence (n)

MRE US

3 4 3 or 4 3 4 3 or 4

Small bowel

Disease active 209 8 7 15 7 17 24

Disease inactive 75 2 2 4 3 4 7

Total 284 10 9 19 10 21 31

Colon

Disease active 125 1 7 8 5 12 17

Disease inactive 158 3 6 9 1 1 2

Total 284 4 13 17 6 13 19

TABLE 13 Number of equivocal MRE and US findings for per-participant disease presence (both cohorts combined)

Variable Participants (n)

Equivocal scores for disease presence (n)

MRE US

3 4 3 or 4 3 4 3 or 4

Small bowel

Disease positive 233 2 6 8 1 11 12

Disease negative 51 0 1 1 3 2 5

Total 284 2 7 9 4 13 17

Colon

Disease positive 129 1 4 5 3 10 13

Disease negative 155 0 7 7 3 2 5

Total 284 1 11 12 6 12 18

RESULTS
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TABLE 15 Per-participant sensitivity and specificity for SBCD extent against the consensus reference standard (both cohorts combined). Equivocal MRE and US results
considered disease negative

Variable
Disease-positive
participants (n)a

Sensitivity, % (95% CI; p-value)
Disease-positive
participants (n)a

Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference

SBCD extentb 233 75 (67 to 82) 60 (51 to 68) 15 (6 to 25); 0.001 51 96 (86 to 99) 90 (77 to 96) 6 (–3 to 15; 0.209)

a By consensus reference standard.
b Agreement with reference standard for disease presence and segmental location.
Equivocal MRE and US results considered disease negative.

TABLE 16 Per-participant sensitivity and specificity for SBCD extent against the consensus reference standard according to recruitment site (both cohorts combined)

Variable
Disease-positive
participants (n)a

Sensitivity, % (95% CI; p-value)
Disease-negative
participants (n)a

Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference

UCLH, London 93 87 (74 to 94) 65 (48 to 78) 22 (7 to 37; 0.003) 23 83 (63 to 93) 70 (49 to 84) 13 (–13 to 39)

St James’s University
Hospital, Leeds
Teaching Hospitals
NHS Trust, Leeds

30 92 (74 to 98) 79 (53 to 93) 13 (–6 to 32; 0.189) 17 100 (82 to 100) 76 (53 to 90) 24 (–3 to 50; 0.125)

Queen Alexandra
Hospital,
Portsmouth

48 70 (47 to 86) 97 (87 to 99) –27 (–46 to –8; 0.006) 2 100 (34 to 100) 0 (0 to 66) 100 (50 to 150; 0.500)

Other hospitalsb 62 83 (66 to 93) 55 (35 to 74) 28 (8 to 48; 0.006) 9 89 (57 to 98) 100 (70 to 100) –11 (–43 to 21; 1.000)

a By consensus reference standard.
b Includes St Mark’s Hospital, Harrow; Royal Free Hospital, London; Ninewells Hospital, Dundee; John Radcliffe Hospital, Oxford; and St George’s Hospital, London. Analysis per recruitment

site uses McNemar’s test for specificity owing to small number of participants with no disease.
Agreement with reference standard for disease presence and segmental location.
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Chapter 4 Diagnostic benefit of oral
contrast administration (small intestine
contrast-enhanced ultrasonography)

Introduction

Conventional enteric US relies on graded compression of the unprepared bowel wall. However, there are
theoretical advantages to distending the bowel lumen with an oral contrast agent prior to the examination
(akin to distending the bowel prior to MRE), referred to as SICUS or hydrosonography. Distension of the
bowel lumen could facilitate better visualisation of the bowel wall, aiding identification and characterisation
of CD. Indeed, there are data suggesting that SICUS may have higher accuracy than conventional US. In a
small study of 28 participants, Calabrese et al.41 reported that SICUS had greater accuracy than conventional
US for SBCD detection, particularly in the proximal bowel (100% vs. 96%, respectively), and for stricture
detection (94% vs. 67%, respectively). Similarly, in a study of 57 participants with CD, sensitivity for SBCD
against a BaFT reference was 98% for SICUS compared with 87% for conventional US.42 Using a refence
standard of barium enteroclysis and endoscopy in 102 participants with CD, Parente et al.43 found a small
difference in sensitivity for disease detection between SICUS and conventional US (96.1% vs. 91.4%,
respectively), which was more striking for stricture detection (89% vs. 74%, respectively). High sensitivity
of SICUS for stricture detection (97.5%) was also reported by Pallotta et al.44 in a selected cohort of 49
participants undergoing surgery for CD, and in a retrospective review of 67 participants undergoing MRE
and/or SICUS prior to subsequent surgery45 there was high agreement between the two tests for strictures
(κ = 0.84) and fistulae (κ = 0.61).

The METRIC trial afforded an opportunity to prospectively compare the diagnostic accuracy of SICUS and
conventional US for SBCD extent in a subset of participants against the construct reference standard.

Methods

A subset of participants was recruited from the main METRIC study cohort (see Chapter 2). Inclusion/exclusion
criteria, recruitment pathways and participant follow-up are detailed in Chapter 2. Four out of the eight
recruitment sites expressed a willingness to contribute participants to the substudy. The overall recruitment
target was 75, which was a pragmatic figure based on the number of participating sites and expected rate
of participant consent. At participating sites, participants recruited to the main METRIC study were invited
to take part in the optional SICUS substudy after appropriate written and verbal explanation. Participants
signed an additional consent form if they agreed to take part.

All participants underwent conventional US as part of the main METRIC study, as described in Chapter 2.
Thereafter, participants also underwent an additional SICUS performed by the same practitioner who
performed their conventional US (to remove the effects of interobserver variation and directly isolate the
diagnostic impact of SICUS). The practitioners were therefore by definition unblinded to their own findings
on the conventional US, but all other blinding safeguards were in place as for the main METRIC study.

Sites were encouraged to perform SICUS on the same day as the conventional US, 50–60 minutes after
participants had ingested > 1000 ml of oral contrast agent, although an interval of up to 2 weeks between
US and SICUS was permissible. The choice of oral contrast agent was at the discretion of the recruitment
site. Because of the detrimental effects of oral contrast agents (such as diarrhoea and abdominal pain), it
was permitted to perform SICUS immediately after MRE to utilise the bowel distension afforded by oral
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contrast already ingested prior to MRE. Practitioners detailed their findings on SICUS using a CRF identical
to that used for the conventional US, indicating if the examination had been performed immediately
following MRE.

Outcomes

The primary outcome was the difference in per-participant sensitivity between US and SICUS for the
correct identification and localisation of SBCD, irrespective of activity, against the consensus reference
standard (see Chapter 2). Disease reported as equivocal was treated as positive for disease presence.
Secondary outcome measures were the difference in per-participant specificity of SICUS and US for the
correct identification and localisation of SBCD, irrespective of activity, and the per-participant sensitivity
and specificity for identification of colonic CD. Sensitivity for the detection of small bowel stenosis was also
examined.

Direct comparison of sensitivity and specificity differences between SICUS and US were calculated using
bivariate multilevel participant-specific (conditional) random-effects models from paired data using meqrlogit
in Stata 14.2. Statistical significance was based on 95% CIs. There were no missing data for per-participant
diagnosis of disease extent in the small bowel or colon.

Results

A total of 75 participants were recruited to the SICUS substudy, of whom 11 were among the 51
subsequently excluded from the main study cohort (see Chapter 3), leaving a total of 64 participants. Of
these, 26 had a standalone SICUS study following dedicated oral contrast preparation (three with mannitol
and 23 with oral gastrograffin solution) and 38 had SICUS performed immediately after MRE (37 with oral
mannitol and one with dilute oral barium solution).

The comparative sensitivity and specificity of SICUS and conventional US for SBCD and colonic CD
presence is shown in Table 17.

The sensitivity [71% (95% CI 58% to 81%)] and specificity [86% (95% CI 49% to 97%)] for SBCD extent
were identical between SICUS and conventional US. The specificity for colonic CD was non-significantly
higher for SICUS than for conventional US [92% (95% CI 80% to 97%) and 82% (95% CI 68% to 91%),
respectively].

Overall, there were 14 segments deemed to be stenosed and causing obstruction by the consensus
reference standard. Both US and SICUS detected 9 out of 14 (64%) of these segments. There were 626
small bowel segments without stenosis by the final consensus reference. There were 11 false-positive
diagnoses of stenosis on US and seven on SICUS.

DIAGNOSTIC BENEFIT OF ORAL CONTRAST ADMINISTRATION
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TABLE 17 Per-participant sensitivity and specificity of SICUS and conventional US for disease presence and extent against the consensus reference standard (both cohorts
combined)

Variable
Disease-positive
participants (n)a

Sensitivity, % (95% CI; p-value)
Disease-negative
participants (n)a

Specificity, % (95% CI; p-value)

SICUS US Difference SICUS US Difference

SBCD extentb 57 71 (58 to 81) 71 (58 to 81) 0 (–2 to 2; 1.000) 7 86 (49 to 97) 86 (49 to 97) 0 (–54 to 54; 1.000)

Colonic CD extentb 24 17 (7 to 36) 13 (4 to 31) 4 (–8 to 16; 1.000) 40 92 (80 to 97) 82 (68 to 91) 10 (–2 to 22; 0.125)

a By consensus reference standard.
b Agreement with reference standard for disease presence and segmental location.
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Chapter 5 Interobserver variation in the
interpretation of enteric ultrasonography and
magnetic resonance enterography

Introduction

Quantifying interobserver variability is an important part of the evaluation of any medical imaging technology.
Interpretation of both MRE and US is potentially complex. Both rely on practitioners interpreting various signs
that can indicate CD, including bowel wall thickening, changes in MR signal/ultrasonic echogenicity, enteric
vascularity (either via Doppler US or contrast enhancement) and observations in the adjacent soft tissues such
as the appearance of mesenteric fat. Findings can be subtle, particularly in early disease. The ease or otherwise
of the observations is also influenced by the technical quality of the examination. For example, collapsed
bowel in MRE can give the impression of bowel wall thickening and therefore mimic abnormal bowel.

To date there has been relatively little research into observer variability in either MRE or US. Although
several studies have investigated interobserver variability for the imaging signs of CD, such as bowel wall
thickness and length of disease involvement,13,46–49 few have focused on primary diagnostic accuracy. In a
study involving 50 participants and four radiologists, Jensen et al.47 reported only moderate agreement
for the presence or absence of SBCD using MRE (κ = 0.48; 54% agreement between all four readers).
Conversely, in a study of 103 participants with CD, Parente et al.43 report very good agreement for the
location of SBCD between two experienced practitioners (κ = 0.91) using US.

The METRIC trial afforded an opportunity to prospectively compare interobserver variability in MRE and US
interpretation, incorporating performance against the construct reference standard.

Methods

Ultrasonography
A subset of participants was recruited from the main METRIC study cohort (see Chapter 2). Inclusion/exclusion
criteria, recruitment pathways and participant follow-up are detailed in Chapter 2. Two out of the eight
recruitment sites expressed a willingness to contribute participants to the substudy and seven practitioners
participated. The overall recruitment target was 40, which was a pragmatic figure based on the number of
participating sites and expected rate of participant consent. At participating sites, participants recruited to
the main METRIC study were invited to take part in the optional interobserver substudy after appropriate
written and verbal explanation. Participants signed an additional consent form if they agreed to take part.

All participants underwent conventional US as part of the main METRIC study (see Chapter 2). Thereafter,
participants also underwent additional US performed by a practitioner who was different from the
practitioner who performed the first (trial) US. The experience and training credentials matched those of
the main METRIC study and the second practitioner was also participating in the main METRIC trial. The
practitioners were fully blinded to each other’s interpretation. All other blinding safeguards were in place
as for the main METRIC trial.

Sites were encouraged to perform the interobserver US on the same day as the main trial US, although an
interval of up to 2 weeks was permissible. Radiologist/sonographers detailed their findings using the same
CRF used for the conventional US interpretation.
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Magnetic resonance enterography
All participants recruited to the main METRIC study gave permission for their imaging data sets to be used
for the interobserver variation substudy as part of the study consent process. Overall, 27 radiologists from
all eight recruitment sites participated. Their experience and training credentials matched those of the main
METRIC study (see Chapter 2), and for the most part they were also interpreting MRE as part of the main
METRIC study.

Magnetic resonance enterography examinations of participants recruited to the main METRIC study were sent
by recruitment sites to a central facility at UCLH via anonymised compact discs. They were then uploaded onto
an online viewing platform (3Dnet®; Biotronics 3D Ltd, London, UK). The platform has all the image viewing
functionality of a standard PACS but can be accessed from any personal computer (PC) via the internet with
appropriate password credentials. The system allowed participating radiologists to access the MRE
examinations from any geographical location without the need to receive copies on compact disc or hard
drive, thus facilitating study efficiency.

Consecutive cases were selected from the database of uploaded examinations on the 3Dnet platform and
the study statistician ensured that no radiologist was given an examination they had already interpreted as
part of the main METRIC trial. Each selected case was read three times in total (once as part of the main
METRIC trial and twice more by two different observers as part of the interobserver variability substudy).
Cases were allocated to readers randomly for each read, with randomisations ensuring that readers had
not previously read the same case in the main trial or previous reads.

Once radiologists were allocated their cases, in their own time (but within 6 weeks) they interpreted the
examinations, noting their findings on a CRF based on that used for the main METRIC study. As part of a
separate study investigating the contribution of MRE sequences to diagnostic accuracy (see Chapter 6),
radiologists first interpreted T2-weighted and steady-state free precession gradient echo images alone,
then T2-weighted and steady-state free precession gradient echo images and diffusion-weighted images
and, finally, T2-weighted, steady-state free precession gradient echo, diffusion-weighted and contrast-
enhanced sequences together, recording their findings on separate CRFs after each sequence block. For
the interobserver study, only the final read based on all sequences was used for analysis.

Analysis

Ultrasonography
Equivocal confidence scores (3 and 4) were treated as positive for disease. Data were analysed for the new
diagnosis and suspected relapse cohorts separately.

Analysis relates to comparisons of the two US reads in a participant. The outcomes refer to the agreement
between two reads for the correct identification and localisation of SBCD and colonic CD, and the
presence of SBCD and colonic CD regardless of disease activity.

Interobserver variability was measured by agreement between two radiologists, grouping results by the
consensus reference as positive, negative and across all participants, with 95% CIs based on paired
proportions. Prevalence-adjusted bias-adjusted kappas (PABAKs) were also reported.50 Agreement between
the reads regardless of the reference standard were reported. Data were analysed for the new diagnosis
and suspected relapse cohorts separately.

Kappa statistics were interpreted as follows: 0.01–0.20, slight agreement; 0.21–0.40, fair agreement;
0.41–0.60, moderate agreement; 0.61–0.80, substantial agreement; and 0.81–0.99, almost perfect
agreement.51

Sensitivity and specificity were calculated by study reader. Statistical analysis was performed using Stata 14.2.

INTEROBSERVER VARIATION
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Magnetic resonance enterography
Analysis relates to comparisons of the three MRE reads in a participant. The outcomes refer to the average
paired agreement between three reads for the correct identification and localisation of SBCD and colonic
CD, and the presence of SBCD and colonic CD regardless of disease activity.

Interobserver variability was measured by average paired agreement between radiologists, grouping results
by the consensus reference as positive, negative and across all participants, with 95% CIs based on paired
proportions. PABAKs were also reported.50 Data were analysed for the new diagnosis and suspected
relapse cohorts separately.

Kappa statistics were interpreted as for US based on published interpretation thresholds.51

Sensitivity and specificity were calculated by study reader.

Statistical analysis was performed using Stata 14.2.

Outcomes

The primary outcome was variation between readers in per-participant sensitivity for the correct
identification and localisation of SBCD, irrespective of activity, against the consensus reference standard
(see Chapter 2). Secondary outcome measures were the difference in per-participant specificity for the
correct identification and localisation of SBCD irrespective of activity, and the per-participant sensitivity and
specificity for identification of colonic CD.

Results

Ultrasonography
In total, seven practitioners participated in the study examining 43 participants. Of these participants, five
were subsequently withdrawn as they did not have a final diagnosis of CD, leaving a final study cohort of
38 participants (11 new diagnosis and 27 suspected relapse). Their contributory read number and individual
sensitivity and specificity for SBCD extent against the consensus reference standard is given in Appendix 17,
Table 56. The estimates of reader sensitivity and specificity should be treated with caution, because for most
readers these are based on very small numbers of participants and will be influenced by the variability in
interpretative difficulty between participants. In total, two readers from one recruitment site (UCLH) performed
59 out of 78 (78%) of the paired reads, reflecting difficulties with running the substudy across multiple
sites. One reader had 15 years of enteric US experience and the other had 4 years of enteric US experience.

The level of agreement between the practitioners according to the participant cohort is shown in Table 18.

Agreement for SBCD extent was at best only fair: 64% agreement with the consensus reference standard
(PABAK 0.27) and 56% agreement with the consensus reference standard (PABAK 0.11) for new diagnosis
and suspected relapse participants, respectively. For the presence of SBCD, both reads agreed with the
consensus reference standard in 9 out of 11 (82%) new diagnosis participants (PABAK 0.64) and 22 out of
27 (81%) suspected relapse participants (PABAK 0.63), suggesting substantial agreement for both cohorts.
Agreement tended to be higher in participants with SBCD than in those without.

Reads disagreed with each other for SBCD presence or absence in 1 out of 11 and 4 out of 27 new
diagnosis and suspected relapse participants, respectively (not considering the final consensus reference
standard diagnosis). Overall, both reads agreed on the presence or absence of disease in 138 out of 152
(91%) small bowel segments. Of 152 small bowel segments, both reads disagreed with the reference
standard in five segments, and one read disagreed with the reference standard in a further 14 segments.
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TABLE 18 Ultrasonography interobserver variability

Variable

New diagnosis participants (N= 11) Suspected relapse participants (N= 27)

SBCD

Overall
agree (%)b PABAK

SBCD

Overall
agree (%)b PABAK

Positivea (n= 11) Negativea (n= 0) Positivea (n= 19) Negativea (n= 8)

R1 R2
Positive agree,
% (95% CI)

Negative agree,
% (95% CI) R1 R2

Positive agree,
% (95% CI)

Negative agree,
% (95% CI)

SBCD

Presence 9 10 82 (52 to 95) 82 0.64 18 18 95 (75 to 99) 50 (22 to 78) 81 0.63

Extent 9 10 64 (35 to 85) 64 0.27 18 18 58 (36 to 77) 50 (22 to 78) 56 0.11

Variable

Colonic CD

Overall
agree (%)b PABAK

Colonic CD

Overall
agree (%)b PABAK

Positivea (n= 8) Negativea (n= 3) Positivea (n= 15) Negativea (n= 12)

R1 R2
Positive agree,
% (95% CI)

Negative agree,
% (95% CI) R1 R2

Positive agree,
% (95% CI)

Negative agree,
% (95% CI)

Colonic CD

Presence 5 4 50 (22 to 78) 100 (44 to 100) 64 0.27 14 12 80 (55 to 93) 75 (47 to 91) 78 0.56

Extent 5 4 13 (2 to 47) 100 (44 to 100) 36 –0.27 14 12 13 (4 to 38) 75 (47 to 91) 41 –0.19

R1, first read; R2, second read.
a By consensus reference standard.
b Both readers agree with consensus reference standard.
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Agreement for the presence of colonic CD was inferior to that for SBCD, particularly for those participants
newly diagnosed. Both reads agreed with the consensus reference standard in 7 out of 11 (64%) new
diagnosis participants (PABAK 0.27) and in 21 out of 27 (78%) suspected relapse participants (PABAK
0.56), suggesting fair and moderate agreement, respectively. Agreement for colonic CD extent was fair for
those participants newly diagnosed and fair for participants with suspected relapse (see Table 18).

Magnetic resonance enterography
In total, 27 practitioners contributed to the study, reading MRE data sets from 73 participants (28 new
diagnosis and 45 suspected relapse). Their contributory read number and individual sensitivity and
specificity against the consensus reference standard are given in Appendix 18, Table 57. As with US, the
estimates of reader sensitivity and specificity should be treated with caution where these are based on very
small numbers of participants given the variability in the interpretative difficulty.

The level of agreement between the practitioners according to the participant cohort is shown in Table 19.

Agreement for SBCD extent was at best only slight [53% average agreement between pairs of readers with
the consensus reference standard (PABAK 0.07) for suspected relapse participants]. Agreement tended to be
higher in participants without SBCD than in those participants with SBCD. On average, for the presence of
SBCD, pairs of readers agreed with the consensus reference standard in 18 out of 26 (69%) disease-positive
new diagnosis participants and one out of two (50%) disease-negative new diagnosis participants (PABAK
0.36), indicating fair agreement. In the suspected relapse cohort, on average, for the presence of SBCD, pairs
of readers agreed with the consensus reference standard in 25 out of 33 (76%) disease-positive participants
and 9 out of 12 (75%) disease-negative participants (PABAK 0.51), indicating moderate agreement.

Agreement for the presence of colonic CD was a little inferior to that for SBCD. On average, pairs of
readers agreed with the consensus reference standard in 6 out of 14 (43%) disease-positive new diagnosis
participants and 12 out of 14 (68%) disease-negative new diagnosis participants (PABAK 0.21), indicating
fair agreement. In the suspected relapse participants, on average, pairs of readers agreed with the
consensus reference standard in 10 out of 17 (59%) disease-positive participants and 17 out of 28 (61%)
disease-negative participants (PABAK 0.21), indicating fair agreement. Agreement for colonic CD extent
was at best fair (for participants with suspected relapse).
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TABLE 19 Magnetic resonance enterography interobserver variability

Variable

New diagnosis participants (N= 28) Suspected relapse participants (N= 45)

SBCD

Overall
agree (%)b κ

SBCD

Overall
agree (%)b PABAK

Positivea (n= 26) Negativea (n= 2) Positivea (n= 33) Negativea (n= 12)

R1 R2 R3
Average positive
agree, % (95% CI)

Average negative
agree, % (95% CI) R1 R2 R3

Average positive
agree, % (95% CI)

Average negative
agree, % (95% CI)

SBCD

Presence 22 23 19 69 (50 to 83) NRc 68 0.36 29 25 26 76 (59 to 87) 75 (47 to 91) 76 0.51

Extent 19 17 14 42 (26 to 61) NRc 43 –0.14 24 16 17 45 (30 to 62) 75 (41 to 91) 53 0.07

Variable

Colonic CD

Overall
agree (%)b κ

Colonic CD

Overall
agree (%)b PABAK

Positivea (n= 14) Negativea (n= 14) Positivea (n= 17) Negativea (n= 28)

R1 R2 R3
Average positive
agree, % (95% CI)

Average negative
agree, % (95% CI) R1 R2 R3

Average positive
agree, % (95% CI)

Average negative
agree, % (95% CI)

Colonic CD

Presence 8 9 8 43 (21 to 67) 79 (52 to 92) 61 0.21 14 11 11 59 (36 to 78) 61 (42 to 76) 60 0.20

Extent 7 5 4 14 (4 to 40) 79 (52 to 92) 46 –0.07 11 7 7 61 (42 to 76) 61 (42 to 76) 49 –0.02

NR, not reported; R1, first (trial) read; R2, second (interobserver) read; R3, third (interobserver) read.
a By consensus reference standard.
b Average agreement between pairs of reads with consensus reference standard.
c Owing to small sample size, only two participants without disease (all reads correctly identified; no disease in one participant and, for the other participant, read reported a false-positive

equivocal finding).
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Chapter 6 Influence of sequence selection on
magnetic resonance enterography diagnostic accuracy

Introduction

International consensus statements recommend a minimum data set of MRI sequences as part of standard
MRE protocols, T2-weighted images (with and without fat saturation), steady-state free precession gradient
echo images and T1-weighted images after intravenous gadolinium injection.52 T2-weighted images and
steady-state free precession gradient echo images mainly provide information on bowel anatomy and
structure based on the magnetic properties of the native tissue, fibrosis and oedema having differing signal
characteristics for example. T1-weighted images after intravenous gadolinium injection reflect the vascularity
of the bowel, with evidence linking increased perfusion with disease activity.53,54 A typical acquisition
protocol takes around 30 minutes and the reporting radiologist must interpret around six individual image
blocks per participant.

In recent years there have been increasing concerns about routine use of intravenous gadolinium injections
and potentially detrimental long-term retention in the brain.55 This is of particular concern in the CD
population who often undergo many MRE examinations over the course of their disease. The use of
diffusion-weighted imaging, which does not require intravenous contrast injection, is attracting increasing
attention.52 Diffusion-weighted imaging reflects the changes in water motility caused by interactions with
cell membranes, macromolecules and tissue structures that modify the Brownian motion of fluid. The
histopathological changes of active CD, such as cellular infiltration and mural oedema, influence the signal
on diffusion-weighted imaging and there are increasing data supporting its role in detection of CD and in
classifying disease activity,56 with reported sensitivity and specificity of 92.9% and 91.0%, respectively.57

For example, in a crossover-design non-inferiority study of 44 participants, Seo et al.58 found no significant
difference in accuracy for active disease between T2-weighed images supplemented by diffusion-weighted
imaging compared with conventional T2-weighted images supplemented by T1-weighted post-gadolinium
sequences, reproducing the earlier findings of Neubauer et al.59 in a paediatric cohort.

Reducing the number of sequences required for standard MRE protocols would also have efficiency
advantages, reducing the overall scan acquisition time and potentially radiologist reporting time. Removing
the need for intravenous contrast injection would also spare participants an injection, which is likely to
improve participant experience.

Methods

The study was an additional component of the interobserver variation study, and methods are described
in Chapter 5. In brief, for their allocated data sets, participating radiologists first interpreted T2-weighted
and steady-state free precession gradient echo images alone, then T2-weighted and steady-state free
precession gradient echo images and diffusion-weighted images, and then, finally, T2-weighted and
steady-state free precession gradient echo images, diffusion-weighted images and contrast-enhanced
images together, recording their findings on separate CRFs after each sequence block.

In addition, as part of their MRE read for the main METRIC study, radiologists noted if and how diffusion-
weighted imaging and/or contrast-enhanced imaging had added to their diagnostic confidence or actual
diagnosis on the MRE reporting CRF.
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Analysis

The primary outcome was the difference in per-participant sensitivity based on each MRE sequence block
for the correct identification and localisation of SBCD, irrespective of activity, against the consensus
reference standard. Secondary outcome measures were the difference in per-participant specificity
between MRE sequence blocks for the correct identification and localisation of SBCD, irrespective of
activity.

Sensitivity and specificity values were calculated by bootstrapping with replacement by participant 1999
times and taking an average value over the bootstrapped data sets. This was completed using bootstrap
and centile in Stata 14.2. Statistical significance was based on 95% CIs based on empirical values from 5%
and 95% centile bootstrap estimates.

Influences of MRE sequences on radiologist confidence and diagnosis were summarised descriptively.

Outcomes

The primary outcome was the difference in per-participant sensitivity across the three image sequence
blocks for the correct identification and localisation of SBCD, irrespective of activity, against the consensus
reference standard as detailed in Chapter 2. Disease reported as equivocal was treated as positive for
disease presence.

Results

The sensitivity and specificity for SBCD extent according to MRE sequence block is shown in Table 20.

Overall, there was no increase in sensitivity or specificity with the addition of diffusion-weighted images to
T2-weighted and steady-state free precession gradient echo images. Conversely, compared with T2-weighted
and steady-state free precession gradient echo images alone, the addition of diffusion-weighted images and
contrast-enhanced images together led to a significant –7% (95% CI –1% to –14%) drop in sensitivity for
SBCD extent. In the absence of gains in diagnostic accuracy, the additional reading times for different image
sequences were not calculated.

Radiologists’ opinions on the effect of diffusion-weighted and contrast-enhanced images on their final
diagnosis, and diagnostic confidence during their interpretation of MRE, as part of the main METRIC study
are shown in Table 21.

TABLE 20 Sensitivity and specificity for SBCD extent according to MRE sequence block

Outcome

Percentage (95% CI) Difference, percentage (95% CI)

Block 1: T2
and SSFPGE
images

Block 2: T2,
SSFPGE and
DWI images

Block 3: T2,
SSFPGE, DWI
and CE images

Block 2 minus
block 1

Block 3 minus
block 2

Block 3 minus
block 1

Sensitivity 63 (51 to 75) 61 (47 to 73) 56 (42 to 68) –2 (–8 to 4) –5 (–13 to 2) –7 (–14 to –1)

Specificity 79 (57 to 100) 79 (57 to 100) 71 (50 to 93) 0 (0 to 0) –7 (–22 to 0) –7 (–22 to 0)

CE, contrast-enhanced; DWI, diffusion-weighted; SSFPGE, steady-state free precession gradient echo; T2, T2-weighted.
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Radiologists stated that their diagnosis was changed by diffusion-weighted imaging in 15 out of 263 (6%)
MRE reads, although diagnostic confidence was increased in 168 out of 263 (64%) reads (without a
change in diagnosis).

Contrast-enhanced imaging led to a change in diagnosis in 14 out of 271 (5%) reads and an increase in
diagnostic confidence in 189 out of 271 (70%) reads (without a change in diagnosis).

TABLE 21 Influence of diffusion-weighted imaging and contrast-enhanced imaging on radiologist diagnosis and
confidence using MRE (both cohorts combined)

Radiologist assessment

Imaging, n (%)

Diffusion weighteda Contrast enhanceda,b

a. Not helpful 80 (30) 68 (25)

b. Diagnosis unchanged but increased confidence 168 (64) 189 (70)

c. Diagnosis changed: additional disease site detected 10 (4) 10 (4)

d. Diagnosis changed: disease site discounted 0 (0) 0 (0)

e. Diagnosis changed: disease reclassified as active 4 (1) 3 (1)

f. Diagnosis changed: disease reclassified as inactive 1 (0) 0 (0)

g. Other 0 (0) 1 (0)

Missing 22 16

Total diagnosis changed [c, d, e, f (g)] 15 (6) 14 (5)

Total diagnosis unchanged [a, b (g)] 248 (94) 257 (95)

Total assessments 263 271

a More than one option indicted by the radiologist for one participant.
b One participant missing contrast-enhanced imaging.
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Chapter 7 Magnetic resonance enterography
and enteric ultrasonography to diagnose Crohn’s
disease: participant acceptability, perceived burden
and preferences

Parts of this chapter have been reproduced with permission from Miles et al.60 This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)

license, which permits others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text
below includes minor additions and formatting changes to the original text.

Introduction

Participant experience and acceptability influence test utility. Although MRE and US avoid ionising
radiation, they have their own specific attributes that may have an impact on tolerance. For example,
participants must ingest large volumes of oral contrast prior to MRE, and US requires graded abdominal
compression.60 Participants’ perceptions of test ‘burden’ (levels of physical and psychological discomfort)
may influence their compliance with the test, even if it is considered to have higher diagnostic accuracy
than other tests. For example, uptake of bowel cancer screening colonoscopy is low, in part owing to
participant fears of the test itself,61 which has an impact on the utility of the test.62 Participants may delay
seeking medical attention, fearing the discomfort associated with test procedures.63 To date, few data
report imaging test preferences among participants with CD.

We compared the perceived burden and acceptability of MRE and US in participants recruited to the
METRIC trial to identify predictors of scan preference and to examine the perceived importance of different
scan attributes.

Methods

Participants
Participants recruited to the METRIC trial were given the option to complete a questionnaire documenting
their experience of MRE and US and provided with paper copies of the questionnaire at the time of consent
or, if this was not possible, these were posted. Participants were asked to complete the questionnaire only
after all of their investigations were completed. Of the 335 participants initially consented prior to exclusions
(see Figure 2), 324 (96.7%) agreed to take part in the substudy, of whom 159 completed the questionnaire.

Questionnaire content

Demographics
Data were collected on participant age and sex. Missing demographic data on age and sex were supplied
via the central trial database. Emotional distress was assessed using the General Health Questionnaire-12
items (GHQ-12).64

Scan recovery and overall acceptability
The questionnaire was divided into sections concerning MRE and US.

DOI: 10.3310/hta23420 HEALTH TECHNOLOGY ASSESSMENT 2019 VOL. 23 NO. 42

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Taylor et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should
be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

49

http://creativecommons.org/licenses/by/4.0/


Using a nine-point scale, for each investigation participants graded their recovery time from ‘immediate’ to
‘a week’. For analysis, data were collapsed into six categories: ‘immediate’, ‘≤ 30 minutes’, ‘≤ 6 hours’,
‘≤ 1 day’, ‘≤ 3 days’ and ‘≤ 1 week’.

Participants also rated how acceptable they found the two investigations on a four-point scale with the
response options ‘not at all acceptable’, ‘slightly acceptable’, ‘fairly acceptable’ and ‘very acceptable’.
Participants were also asked to select the least acceptable (or worst) part of the investigation from a range
of attributes provided, specific to the particular investigation. Participants were also asked if they would
repeat the investigation.

Scan burden for magnetic resonance imaging and ultrasonography
A questionnaire adapted from that used to assess colonoscopy and whole-body MRI was used to quantify
scan burden for MRE and US.65,66 In addition, abdominal bloating, diarrhoea, nausea, vomiting and sleep
difficulties were added as they are of direct relevance to small bowel investigations. The questionnaire
combines a series of individual items into three main domains: satisfaction, worry and discomfort. The MRE
questionnaire included 31 items (7, 6 and 18 in satisfaction, worry and discomfort domains, respectively)
and the US questionnaire included 28 items (7, 6 and 15 in satisfaction, worry and discomfort domains,
respectively),60 additionally including an item relating to the abdominal pressure of the probe.

Participants rated their experiences by ticking agreement on a 7-point Likert scale in which 1 and 7 were
anchored to bipolar statements related to the scan, for example from ‘pressure of the probe was
unbearable’ (1) to ‘the pressure of the probe was fine’ (7). Scores for each item were reverse scored,
totalled and averaged so that higher scores equated to higher burden.60

Scan preference
Participants were asked to indicate whether, if they had to undergo just one test, they would prefer MRE
or US. No specific information about the scans was given in addition to that provided as part of the trial
consent procedure.

Importance of scan attributes
The questionnaire also provided a list of 25 possible attributes related to the two scans that participants
were asked to rate in terms of importance: ‘not at all important’, ‘a little bit important’, ‘moderately
important’, ‘very important’ and ‘extremely important’. The attributes were related to the scan experience
itself, such as drinking oral contrast, but also to scan diagnostic accuracy, feedback of results, etc.

Statistical analysis
Independent t-tests and chi-squared tests were used to assess differences between (1) questionnaire
responders and non-responders and (2) new diagnosis and suspected relapse cohorts, for continuous or
categorical data, respectively. Differences between scan recovery time and scan acceptability were tested
using related samples Wilcoxon signed-rank tests, and differences in willingness to have the different
investigations again were tested using McNemar’s tests. Bonferroni corrections were applied to McNemar’s
tests, giving a threshold for statistical significance of p < 0.01. Scan burden related to MRE and US was
compared between different participant subgroups using Mann–Whitney U-tests or Kruskal–Wallis tests as
appropriate. Post hoc comparisons using a Bonferroni correction were used to assess the effect of age on
scan burden (threshold for statistical significance of p < 0.01). Analysis was performed using IBM SPSS
Statistics version 24 (IBM Corporation, Armonk, NY, USA).

Results

Characteristics of participants recruited to the questionnaire study are shown in Table 22, and Figure 5 is
the study flow chart.
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TABLE 22 Characteristics of participants in the questionnaire study

Characteristic
All participants, mean
(SD) (n= 159)

Cohort, mean (SD)

Group differences
New diagnosis
(n= 84)

Suspected relapse
(n= 75)

Age (years) 38.2 (16.4) 37.3 (17.3)a 39.1 (15.4)a t < 1; df = 157;
p = 0.484

Female 94 (59.1) 47 (56.0)a 47 (62.7)a χ2 = 0.739; df = 1;
p = 0.390

Educational qualificationsb

None 8 (5.1) 4 (4.9)b 4 (5.3)a χ2 = 0.641; df = 2;
p = 0.726

Some 91 (58.3) 45 (55.6) 46 (61.3)

Degree level or higher 57 (36.5) 32 (39.5) 25 (33.3)

Ethnicity (white) 127 (92.0) 71 (93.4)c 56 (90.3)c χ2 = 0.447; df = 1;
p = 0.504

Newly diagnosed 84 (52.8)a – – –

Comorbidities (at least one
comorbid illness)

65 (40.9) 35 (41.7)a 30 (40.0)a χ2 = 0.046; df = 1;
p = 0.831

Presence of high distress
(GHQ-12)

73 (48.3) 43 (51.2)a 30 (44.8)c χ2 = 0.614; df = 1;
p = 0.433

df, degrees of freedom; SD, standard deviation.
a No missing data.
b Missing data < 5%.
c Missing data > 5%.
Where there is missing data, % is valid %.
Reproduced with permission from Miles et al.60 This is an Open Access article distributed in accordance with the terms of
the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

Consented to questionnaire
(n = 324)

Did not consent to
questionnaire study

(n = 11)

Not returned/
completed

(n = 165)

Returned/
completed

(n = 159)

Consented to the METRIC trial
(n = 335)

FIGURE 5 Flow chart showing the flow of participants in the study participating in the participant acceptability
substudy. Reproduced with permission from Miles et al.60 This is an Open Access article distributed in accordance
with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute,
remix, adapt and build upon this work, for commercial use, provided the original work is properly cited.
See: http://creativecommons.org/licenses/by/4.0/.
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There were no sex differences between participants completing the questionnaire (χ2 = 1.606; df = 1;
p = 0.205) but responders were significantly older than non-responders, with a mean age of 38.2 years
[standard deviation (SD) 16.4 years] and 33.8 years (SD 14.0 years), respectively (t = 2.603; df = 322;
p = 0.010).

Burden score reliability
Internal reliability of subscales was good (MRI satisfaction subscale, α = 0.813; MRI discomfort subscale,
α = 0.872; MRI worry subscale, α = 0.786; US discomfort subscale, α = 0.868; US satisfaction subscale,
α = 0.849; US worry subscale, α = 0.808).

Test/scan recovery time
Magnetic resonance enterography recovery time was significantly longer than US recovery time (p < 0.001),
with 10% (15/146) reporting immediate recovery following MRE compared with 69% (102/147) reporting
immediate recovery following US (Table 23). Just 2% (3/147) of participants took > 1 day to recover after
US, compared with 18% (26/146) after MRE.

Test/scan acceptability
Overall, 98.6% (144/147) of participants rated US as very or fairly acceptable. This was significantly higher
than for MRE [88.3% (128/145); p < 0.001] (see Table 23).

TABLE 23 Comparative scan experience of MRE and US

Variable

Imaging technique, n (%)

MRE US

Recovery time N = 146 N = 147

Immediate 15 (10.3) 102 (69.4)a

≤ 30 minutes 17 (11.6) 16 (10.9)

≤ 6 hours 45 (30.8) 21 (14.3)

≤ 1 day 43 (29.5) 5 (3.4)

≤ 3 days 17 (11.6) 3 (2.0)

≤ 1 week 9 (6.2) 0 (0)

Acceptability N = 145 N = 146

Very 66 (45.5) 126 (86.3)a

Fairly 62 (42.8) 18 (12.3)

Slightly 12 (8.3) 0 (0)

Not at all 5 (3.4) 2 (1.4)

Willingness to have again N = 140 N = 131

Yes 127 (90.7) 133 (98.5)

Not sure 12 (8.6) 0 (0)

No 1 (0.7) 2 (1.5)

a Significantly different from MRE (p < 0.001).
Reproduced with permission from Miles et al.60 This is an Open Access article distributed in accordance with the terms of
the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Willingness to repeat investigations
The majority of participants were willing to repeat MRE (91%, 127/140), but the proportion was lower
than for US (99%, 133/135) (p = 0.012) (approaching statistical significance at the p < 0.01 threshold).

Least acceptable part of the investigations
Figures 6 and 7 illustrate the attributes of MRE and US selected as the least acceptable. Drinking oral
contrast (37.0%, 54/146) and repeated breath holding (14%, 20/146) were most commonly identified as
the least acceptable aspects of MRE.

Ultrasonography was reported as being ‘fine’, with no least acceptable part, by 49% (73/148). Abdominal
compression was reported as the least acceptable part by 30% (44/148).

0 10 20 30 40 50 60

Fasting before the test

Lying still

Noise

The time it took

The need to have injections

How uncomfortable it was

Having to wait for the results

Claustrophobia

It was all fine

Other, please specify

Lots of breath holding

Drinking the fluid before the test

Percentage of participants selecting attribute (n = 146)

FIGURE 6 Least acceptable part of MRE. Reproduced with permission from Miles et al.60 This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work
is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

The time it took

Lots of breath holding

How uncomfortable it was

Lying still

Other, please specify

Fasting before the test

Having to wait for the results

Abdominal compression

It was all fine

0 10 20 30 40 50 60
Percentage of participants selecting attribute (n = 148)

FIGURE 7 Least acceptable part of US. Reproduced with permission from Miles et al.60 This is an Open Access article
distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits
others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work is
properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Burden of magnetic resonance enterography and ultrasonography
Burden scores for MRE and US are shown in Table 24. Overall burden scores were low for both tests.
Participants reported higher burden during MRE than during US. This observation held true both overall
and on the three subscales (discomfort, satisfaction and worry).

Perceived MRE scan burden was significantly higher among younger people (p = 0.003) and people with
high levels of emotional distress (p = 0.20). Younger age (p = 0.034) and high levels of emotional distress
(p = 0.006) were also associated with higher perceived burden of US.

Overall, 125 participants stated their preferred test. Of those participants, 100 (80%) preferred US to MRE.

Overall perceived importance of investigation attributes
Of the 25 attributes provided to participants, accuracy was rated as the most important attribute, followed
by waiting time to diagnosis/treatment and the number of tests needed prior to final diagnosis (Figure 8).

Test-specific attributes, such as requirement to drink fluid, test discomfort, radiation exposure and fasting,
were rated as less important and, generally, between ‘a little bit important’ and ‘moderately important’.

TABLE 24 Perceived participant scan burden for MRE and US

Scale

Imaging technique, scan burdena

Wilcoxon signed-rank test

MRE US

Median score (IQR) n Median score (IQR) n

Overall 2.74 (1.35) 148 1.39 (0.89) 149 z = 9.536; p < 0.001

Discomfort subscale 3.08 (1.61) 148 1.33 (0.90) 149 z = 9.558; p < 0.001

Satisfaction subscale 1.86 (1.43) 147 1.00 (0.86) 149 z = 0.704; p < 0.001

Worry subscale 2.58 (1.63) 148 1.50 (1.42) 149 z = 0.801; p < 0.001

a 1 (low) to 7 (high).
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1 2 3 4 5

How embarrassing test is to do

Need to stay still during test

Whether or not test used X-radiation

Privacy during test

How claustrophobic test is

Requirement to fast before test

How painful test is

How long test takes to conduct

How uncomfortable test is

Requirement to drink large volume of liquid before test

Number of tests before diagnosis

Waiting time to treatment

Accuracy of test

New diagnosis
Suspected relapse

Cohort

FIGURE 8 Perceived importance of different scan attributes. Reproduced with permission from Miles et al.60 This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the
original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Chapter 8 Influence of oral contrast agent
and ingested volume on small bowel distension
and participant experience during magnetic
resonance enterography

Introduction

Adequate distension of the small bowel is a prerequisite for MRE interpretation.67 Collapsed bowel can
both mimic CD and obscure CD. There are a variety of oral contrast agents used prior to MRI in clinical
practice, such as polyethylene glycol68 and mannitol,69 and most are non-absorbable, retaining fluid in the
bowel lumen to maintain distension throughout the small bowel volume.70 A recent literature review by
the European Society of Gastrointestinal and Abdominal Radiology (ESGAR) found no conclusive evidence
supporting one oral contrast agent over another.52

Participant experience questionnaire data from the METRIC trial (see Chapter 7) have clearly demonstrated
that participants view the drinking of oral contrast and its subsequent effects, such as pain, bloating and
diarrhoea, as the least acceptable part of MRE. However, it is unclear how participant experience is affected
by the volume of oral contrast ingested.

The METRIC trial afforded an opportunity to investigate the influence of oral contrast agent and ingested
volume on small bowel distension and participant experience during MRE in a subset of participants.

Methods

Participant experience of oral contrast
Recruited participants were asked to complete a questionnaire pertaining to their experience of various
symptoms related to the ingestion of oral contrast on the day of their MRE examination. Specifically, they
were asked to record feelings of fullness, regurgitation, vomiting, abdominal pains/spasms and diarrhoea
and rate their tolerability as ‘not at all tolerable’, ‘somewhat tolerable’, ‘moderately tolerable’ or ‘very
tolerable’ in response to the questions ‘While you were drinking, during or just after the scan, did you
experience any of the following? If so, how tolerable were they?’ (see Appendix 19, Table 58).

Participants were asked to complete the questionnaire before they went home and leave it with a member
of the local research team. The nature and volume of oral contrast ingested by the participants was
recorded where possible by a member of the radiographer staff (see Chapter 2).

Grading of bowel distension quality on magnetic resonance enterography
Two post-FRCR radiology trainees who had completed their senior training block in gastrointestinal
radiology graded the quality of bowel distension on the MRE data sets using the methods described by
Sood et al.71 Specifically, each small bowel and proximal colonic segment (caecum, ascending colon and
transverse colon), as defined in Chapter 2, was graded by each observer independently as 0 (segment not
identified), 1 (segment identified but limited luminal opacification), 2 (lumen clearly opacified with contrast
but only limited delineation of the wall), 3 (lumen opacified and distended with clear delineation of the
wall throughout the majority of the segment) or 4 (good distension of the lumen with clear visualisation
of the bowel wall throughout all the segment). The observers were free to use all sequences of the MRE
examination in making their grading decision.
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Analysis

The average excellent or good-quality distension was calculated for all participants regardless of oral contrast
type. Excellent or good distension frequencies were calculated by participant and by segment based on the
type of oral contrast ingested. Oral contrast agents were split into two groups: mannitol and polyethylene
glycol. Frequencies and percentages for participant experience of feelings of fullness, regurgitation, vomiting,
abdominal pain and diarrhoea were summarised by type of oral contrast and by volume of oral contrast
ingested.

Outcomes

The primary outcomes were the segmental distension grades and participant symptom scores according to
the type of oral contrast ingested. A secondary outcome was participant symptoms scores according to the
volume of oral contrast ingested, which was recorded as < 1000 ml or ≥ 1000 ml.

Results

Complete data (oral contrast type, volume ingested, participant experience scores and MRE distension
scores) were available for 66 participants. Of these, 38 ingested 2.5% mannitol, nine ingested 2%
mannitol and an additional agent [either 0.2% locust bean gum or 2 scoops of carob gum (OptiFibre®,
Nestlé, Vevey, Switzerland)] and 19 ingested polyethylene glycol 3350 (KLEAN-PREP®, Helsinn Healthcare,
Lugano, Switzerland). For the purposes of analysis, all mannitol-based preparations were combined.

The overall distension scores for the two observers are given in Table 25.

Observer agreement for distension score was in general reasonable, although the terminal ileum was scored
by observer 1 as better distended than by observer 2 (graded 3 or 4 in 56% of cases vs. 27% of cases,
respectively).

The distension scores averaged across the two observers for each oral preparation type are given in Table 26.

Overall, there was no clear difference in the percentage of segments achieving adequate or good distension
between mannitol- or polyethylene glycol-based preparations, allowing for the segment numbers across
each group.

TABLE 25 Number of segments scored as excellent or good quality for distension according to the two observers
(both oral contrast agent types combined)

Segment Number of segments

Observer, n (%)

Average, n (%)1 2

Overall 66 30 (45) 28 (42) 29 (44)

Duodenum 66 8 (12) 2 (3) 5 (8)

Jejunum 66 13 (20) 18 (27) 16 (23)

Ileum 66 42 (64) 42 (64) 43 (64)

Terminal ileum 66 37 (56) 18 (27) 28 (42)

Caecum 49 18 (37) 19 (39) 19 (38)

Ascending colon 60 36 (60) 33 (55) 35 (58)

Transverse colon 63 33 (52) 19 (30) 26 (41)

INFLUENCE OF ORAL CONTRAST AGENT AND INGESTED VOLUME
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The ileum was the best-distended small bowel segment for both preparations, followed by the terminal ileum
and jejunum. Specifically, distension of the jejunum, ileum and terminal ileum were rated as excellent or good in
28% (13/47), 66% (31/47) and 43% (20/47) of cases, respectively, for the mannitol group compared with 16%
(3/19), 63% (12/19) and 42% (8/19), respectively, for the polyethylene glycol group. There was a suggestion
that distension of the right colon (caecum and ascending colon) was a little better with polyethylene glycol
than with mannitol, although the small sizes of the groups preclude a definitive conclusion.

Participant grading of symptoms related to oral contrast agent ingested is shown in Table 27 and
summarised in Appendix 20, Figure 12.

In general, participants found symptoms of vomiting and regurgitation as being either absent or very
tolerable for both contrast agent types. However, symptoms of fullness were graded as moderately
tolerable by 27 out of 46 (59%) ingesting mannitol-based contrast and by 12 out of 19 (63%) ingesting
polyethylene glycol. Similarly, 26 out of 41 (63%) and 7 out of 15 (47%) graded their feeing of abdominal
pain/spam as moderately tolerable for mannitol-based and polyethylene glycol-based contrast, respectively.
The number of participants who rated any symptom as not tolerable was very small in both groups.

Overall, 16 participants ingested < 1 l and 50 participants ingested ≥ 1 l of oral contrast. Symptoms by
volume of contrast ingested are shown in Table 28.

TABLE 26 Number of segments achieving good (score of 3) or excellent (score of 4) distension according to oral
contrast agent

Segment

Oral contrast agent, n/N (%)

Mannitol Polyethylene glycol

Overall 22/47 (47) 8/19 (42)

Duodenum 4/47 (9) 1/19 (5)

Jejunum 13/47 (28) 3/19 (16)

Ileum 31/47 (66) 12/19 (63)

Terminal ileum 20/47 (43) 8/19 (42)

Caecum 13/36 (36) 6/13 (46)

Ascending colon 24/43 (56) 11/17 (65)

Transverse colon 21/44 (48) 5/19 (26)

TABLE 27 Participant symptoms according to oral contrast agent

Symptom

Oral contrast agent, n/Na (%)

Mannitol (N= 47) Polyethylene glycol (N= 19)

Very
tolerable

Moderately
tolerable

Not
tolerable

Very
tolerable

Moderately
tolerable

Not
tolerable

A feeling of
fullness

18/46 (39) 27/46 (59) 1/46 (2) 7/19 (37) 12/19 (63) 0/19 (0)

Regurgitation 35/38 (92) 2/38 (5) 1/38 (3) 12/12 (100) 0/12 (0) 0/12 (0)

Vomiting 36/37 (97) 1/37 (3) 0/37 (0) 12/12 (100) 0/12 (0) 0/12 (0)

Abdominal
pain/spasms

14/41 (34) 26/41 (63) 1/41 (3) 5/15 (33) 7/15 (47) 3/15 (20)

Diarrhoea 25/45 (56) 19/45 (42) 1/45 (2) 9/18 (50) 7/18 (39) 2/18 (11)

a Total number of participants reporting symptom.
Very tolerable = participant did not experience the symptom; moderately tolerable = somewhat/moderately tolerable;
not tolerable = not at all tolerable.
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TABLE 28 Participant symptoms according to volume of oral contrast agent ingested

Symptom

Volume of oral contrast agent ingested, n/Na (%)

All participants (N= 66), n/Na (%)< 1 l (N= 16) ≥ 1 l (N= 50)

Very
tolerable

Moderately
tolerable

Not
tolerable

Very
tolerable

Moderately
tolerable

Not
tolerable

Very
tolerable

Moderately
tolerable

Not
tolerable

A feeling of fullness 3/16 (19) 13/16 (81) 0/16 (0) 22/49 (45) 26/49 (53) 1/49 (2) 25/65 (38) 39/65 (60) 1/35 (2)

Regurgitation 12/12 (100) 0/12 (0) 0/12 (0) 35/38 (92) 2/38 (5) 1/38 (3) 47/50 (94) 2/50 (4) 1/50 (2)

Vomiting 12/12 (100) 0/12 (0) 0/12 (0) 36/37 (97) 0/37 (0) 1/37 (3) 48/49 (98) 0/49 (0) 1/49 (2)

Abdominal pain/
spasms

5/13 (38) 6/13 (46) 2/13 (15) 14/43 (33) 27/43 (63) 2/43 (5) 19/56 (34) 33/56 (59) 4/56 (7)

Diarrhoea 11/14 (79) 3/13 (21) 0/13 (0) 23/49 (47) 23/49 (47) 3/49 (6) 34/63 (54) 36/63 (41) 3/63 (5)

a Total number of participants reporting symptom.
Very tolerable = participant did not experience the symptom; moderately tolerable = somewhat/moderately tolerable; not tolerable = not at all tolerable.
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There was no evidence that the tolerability of oral contrast for symptoms of fullness, regurgitation,
vomiting or abdominal pain was lower for those participants ingesting ≥ 1 l of oral contrast than for those
participants ingesting < 1 l (test of proportions, p > 0.05). However, diarrhoea was rated as very tolerable
by only 23 out of 49 (47%) participants ingesting ≥ 1 l of oral contrast compared with 11 out of 14 (79%)
of those participants ingesting ≥ 1 l (p = 0.04).
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Chapter 9 The impact of magnetic resonance
enterography and ultrasonography on diagnostic
confidence and patient management

Introduction

The comparative diagnostic accuracy of MRE and US has a crucial influence on clinical implementation.
However, the impact of the tests on actual clinical decision-making is also important. Management of CD
patients is complex; symptoms are rarely specific and, alongside patient preference, clinicians balance a
range of considerations when defining management, including disease extent, activity and complications.
As discussed in Chapter 1, the phenotype of CD is very variable, ranging from mild superficial ulceration to
complex penetrating and stricturing disease, and cross-sectional imaging is frequently used alongside
endoscopy to guide patient management over time.

There is currently very little research comparing the diagnostic and therapeutic impact of MRE and US on
clinical decision-making, although there are some data on each modality in isolation. Hafeez et al.72 tested
the impact of MRE in 51 participants with known or suspected CD. Gastroenterologists completed a pro
forma detailing their diagnostic confidence for the presence and extent of CD along with the planned
therapeutic strategy before and after MRE results were available. MRE significantly increased clinician
diagnostic confidence for the presence or absence of SBCD, especially in those patients with a normal MRE
result (62–84%) and influenced a change of therapeutic management in 61%. Similarly, in a retrospective
service review, MRE and CTE influenced a change of management in 142 out of 311 (45.7%) participants
with known or suspected IBD;73 in another retrospective study of 347 participants,74 MRE changed the
assumed Montreal classification in 21.2% (location) and 24.6% (behaviour). Garcia-Bosch et al.75 compared
the diagnostic impact of MRE and colonoscopy in 100 participants. MRE alone was sufficient to change
patient management in 80% of participants compared with in just 34% of participants for colonoscopy
alone, and adding MRE to colonoscopy changed patient management in 28% of participants compared
with in just 8% of participants after adding colonoscopy to MRE.

Wilkens et al.76 investigated the impact of US in 115 participants with CD with temporally related US and
colonoscopy examinations. Overall, 37 out of 40 participants with incomplete colonoscopy had additional
disease detected by US, which changed management in 22 out of 29 participants with available data. In a
prospective study of 49 participants with CD, US changed the clinical decisions of two gastroenterologists
in 60% and 58% of participants, respectively.77

The METRIC trial afforded an opportunity to compare the diagnostic and therapeutic impact of MRE and
US across a range of patients and clinicians. This study differs from most studies in the current literature,
which usually investigate the impact of adding one test to another, for example US to colonoscopy.
Instead, the substudy was designed to compare patient management decisions based on clinical tests
supplemented by either MRE or US with a reference standard based on all available test results from
individual participants’ pathways in the METRIC trial. The primary outcome was the number of times
therapeutic decisions (split into prespecified decision groups) based on MRE or US differed from those
decisions based on all available tests.
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Methods

Gastroenterologists from each of the eight recruitment sites participated in the substudy. An initial study
design was piloted at one site (UCLH), requiring regular face-to-face meetings between the gastroenterologist
and radiologist, with full access to the complete patient record and MRE and US images. This process was
noted to be prohibitively time-consuming and impractical for successful rollout to the remaining seven sites,
and therefore the process was centralised by the Clinical Trial Unit, with use of electronic pro forma as
detailed below.

Participant selection
A total of 184 out of 284 METRIC trial participants were randomised for inclusion in the substudy. To increase
the statistical power, the case mix was enriched to increase the proportion with discrepancies between MRE
and US. At the time of substudy design, it was possible to enrich based only on the presence of SBCD and
colonic CD, as the segmental extent of disease and disease activity were not available. After enrichment,
the percentages of cases with discrepancies between MRE and US compared with the full METRIC study
cohort were as follows: for presence of SBCD alone, 21% in the substudy and 13% in the overall METRIC
study cohort; for presence of colonic CD alone, 16% in the substudy and 20% in the overall METRIC study
cohort; and for presence of both SBCD and colonic CD, 6% in the substudy and 7% in the overall METRIC
study cohort.

Trial data as detailed below were collated in batches of 10 participants for individual gastroenterologist
review. In each batch of 10 participants, ≈ 50% were new diagnosis participants and ≈ 50% were suspected
relapse participants, and ≤ 50% were participants for whom MRE and US disagreed on disease presence.

Data presentation and case report form completion
Fifteen consultant gastroenterologists, representative of clinicians making treatment decisions in NHS
clinical practice, participated in the study. The same gastroenterologist reviewed all imaging and test data
for an individual participant, so analysis could focus on the impact of different imaging test information
provided to the same gastroenterologist.

Data were provided to gastroenterologists via a series of password-protected Microsoft Excel® 2016
version 1905 (Microsoft Corporation, Redmond, WA, USA) spreadsheets. The spreadsheets were populated
via CRF data collected as part of the main METRIC study. A summary of the process is shown in Figure 9.

The first tab of the spreadsheet listed clinical data including cohort (new diagnosis or suspected relapse),
length of symptoms, current symptoms (e.g. weight loss, obstructive symptoms, diarrhoea, pain), family
history of CD, smoking status, current CD-related medication, history and nature of previous bowel surgery,
and Montreal classification (suspected relapse participants only). The findings of colonoscopy (if performed
during the main METRIC study) were also provided, summarised as disease presence and activity for six
colonic segments and the terminal ileum. Based on these clinical (and endoscopic) data, the gastroenterologist
completed a diagnostic confidence and therapeutic impact (DCTI) CRF based on one we had previously used
successfully,72 documenting their diagnostic confidence for the presence of SBCD and colonic CD, and their
therapeutic management from a range of options provided on the CRF.

The second tab of the spreadsheet contained the findings of MRE, US or a third small bowel test such as
CTE or BaFT (if the participant had undergone this as part of the METRIC study). The imaging revelation
order was randomised for each participant in a six-block design with mixed randomisation to ensure
masking of allocation even for the last participant in each block. Mixed randomisation consisted of the
random selection of one row from the six block options and the insertion of this in a random position in
each block, giving a total of seven options in each block.

The presence and activity (if applicable) of CD for each small bowel and colonic segment was indicated
based on the imaging report CRF completed as part of the main METRIC study. Disease complications
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including fistulae, abscess and strictures were also indicated. Once they had reviewed the findings of this
imaging test (taking into account all the clinical information provided on the first tab), the gastroenterologist
completed a new copy of the DCTI CRF taking into account the additional information (if any) provided by
the imaging.

At least 2 weeks later, the results of the second imaging test (e.g. MRE if the first test had been US)
were provided in the same format. Again, based on this imaging test together with the original clinical
information provided in the first tab, the gastroenterologist completed a new copy of the DCTI CRF. If the
participant had undergone a third imaging test, the process was repeated at least 2 weeks later when the
results of the final small bowel imaging test were provided via the spreadsheet. The gastroenterologist
then completed a final DCTI CRF based on all available information (i.e. all the clinical data together with
the findings of MRE, US and any third small bowel imaging test, if applicable).

Analysis

The reference standard was defined as the patient management decision made after the final review of all
test information provided, including clinical information, and the findings of MRE, US and any conventional
imaging.

Patient management decisions based on clinical information plus MRE or US alone were compared with
the reference standard in the same participant and classified as agreeing or disagreeing. A total of 158
participants were included in the final analysis: 165 participants had patient management reported, but
seven had missing data for patient management decisions. Management decisions based on conventional
imaging data were not analysed as extra conventional imaging was only completed in 20% (31/158) of
participants in the substudy.

Session 1
• Review of clinical information:
   complete CRF
• Review of first imaging test:
   complete a new CRF

Session 2
• Clinical information fully available
• Review second imaging test: complete a new CRF
• If the patient has only two sets of imaging, review all
   clinical and all imaging data together and complete
   final CRF
• If the patient has three sets of imaging, progress to
   session 3

Session 3
• Clinical information fully available
• Review third imaging test: complete a new CRF
• Review all clinical and all imaging data
   together and complete final CRF

FIGURE 9 Diagnostic impact study flow.

DOI: 10.3310/hta23420 HEALTH TECHNOLOGY ASSESSMENT 2019 VOL. 23 NO. 42

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Taylor et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should
be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

65



The 14 possible therapeutic options were collapsed into five prespecified categories (Table 29), selected
during study design. Agreement or disagreement between treatment decisions based on the clinical
information plus an individual imaging modality (MRE or US) and the reference standard were based
on these five categories. The primary outcome was prespecified as the percentage difference between
MRE and US agreements with the reference standard. Prespecified subgroups were new diagnosis
participants, suspected relapse participants, disease-positive participants (any disease in small bowel or
colon), disease-negative participants, participants with active disease (any activity in small bowel or colon)
and participants with inactive disease. The subgroups were based on the full METRIC trial consensus
reference standard.

Statistical analysis was performed in Stata 14.2 using comparison of paired proportions.

Results

A total of 158 participants were included: 74 new diagnosis and 84 suspected relapse participants.
Conventional imaging tests were used for only 31 participants (20%) and so therapeutic decisions based
on these data were not analysed. Therapeutic decisions based on clinical information and MRE agreed
with the final reference standard treatment decision category in 122 out of 158 (77%) decisions and
disagreed in 36 out of 158 (23%) decisions. Therapeutic decisions based on clinical information and US
agreed with the reference standard treatment decision category in 124 out of 158 (78%) decisions and
disagreed in 34 out of 158 (22%) decisions (Table 30).

TABLE 29 Grouping of therapeutic options

Categorisation Category Description on CRF

No medication change 1 Participant is on no medication for active CD and none will be added

No medication change 1 Maintain current medication for active CD

Medication dose change 2 Reduce dose of current medication for active CD

Medication dose change 2 Increase dose of current medication for active CD

Medication change/addition 3 Participant is not on medication for active CD but will be started on
some

Medication change/addition 3 Maintain current medication for active CD and supplement with
non-biological medication

Medication change/addition 3 Maintain current medication for active CD and ADD biological
medication

Medication change/addition 3 Maintain current medication for active CD and ADD antibiotics

Medication change/addition 3 Change current medication for active CD to similar drug class
(e.g. non-biological or biological)

Medication change/addition 3 Change current medication for active CD to different drug class
(e.g. from non-biological or biological)

Medication cessation 4 Stop current medication for active CD

Medication cessation 4 Stop current medication for active CD and give antibiotics

Surgery 5 Refer to surgical therapy
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TABLE 30 Concordance of therapeutic decisions based on MRE or US compared with the reference standard decision based on all information

Subgroup

Total
number of
decisions

Clinical information, n (%)
Difference
in MRE–US
agreement,
% (95% CI)

Difference
adjusted to main
trial prevalence,
% (95% CI)

MRE US

Agreement Disagreement Agreement Disagreement

All 158 122 (77) 36 (23) 124 (78) 34 (22) –1 (–10 to 8) 0 (–4 to 5)

New diagnosis participants 74 61 (82) 13 (18) 63 (85) 11 (15) –3 (–16 to 10) 0 (–6 to 5)

Suspected relapse participants 84 61 (73) 23 (27) 61 (73) 23 (27) 0 (–14 to 14) 1 (–6 to 7)

Disease-positive participants 151 119 (79) 32 (21) 117 (78) 34 (22) 1 (–8 to 11) 3 (–1 to 7)

Disease-negative participants 7 3 (43) 4 (57) 7 (100) 0 (0) –57 (–108 to –6) –56 (–73 to –38)

Participants with active disease 141 111 (78) 30 (22) 112 (79) 29 (21) –1 (–10 to 9) 1 (–3 to 6)

Participants with inactive disease 17 11 (65) 6 (35) 12 (71) 5 (29) –6 (–42 to 30) –8 (–23 to 7)
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The range of therapeutic decisions on MRE and US compared with the final reference standard treatment
decision category is shown in Tables 31 and 32. The majority (111/158; 70%) of final reference standard
treatment decisions were in category 3 (medication change/addition). Therapeutic decisions based on clinical
information and MRE and US agreed with a final reference standard category 3 in 88 out of 111 (79%) and
92 out of 111 (83%) decisions, respectively.

Based on clinical information and MRE, 13 participants would have been referred for surgery. Of these, five
(38%) would also have been referred for surgery based on the final reference standard treatment decision,
but seven would have undergone a medication change/addition only and one would have no change in
treatment. Based on the final reference standard treatment decision, of the 10 participants who would
have been referred for surgery, four would have undergone a medication change/addition and one would
have had no change in medication if the therapeutic decision had been based on clinical information and
MRE only.

Based on clinical information and US only, 10 participants would have been referred for surgery, of whom
six (60%) would have been referred for surgery based on the final reference standard treatment decision
category, two would have had no medication change, one would have had a medication dose change and
one would have undergone a medication change/addition only.

TABLE 31 Descriptive analysis of participant therapeutic decisions based on imaging for MRE against all tests,
grouped by therapeutic options category

Grouping of therapeutic decision

Final therapeutic decision based on all tests (reference standard) (n)

Total (n)1 2 3 4 5

1 23 0 13 0 1 37

2 0 6 1 0 0 7

3 7 0 88 0 4 99

4 0 0 2 0 0 2

5 1 0 7 0 5 13

Total 31 6 111 0 10 158

1, no medication change; 2, medication dose change; 3, medication change/addition; 4, medication cessation; 5, surgery.

TABLE 32 Descriptive analysis of participant therapeutic decisions based on imaging for US against all tests,
grouped by therapeutic options category

Grouping of therapeutic decision

Final therapeutic decision based on all tests (reference standard) (n)

Total (n)1 2 3 4 5

1 22 1 15 0 2 40

2 0 4 1 0 0 5

3 7 0 92 0 2 101

4 0 0 2 0 0 2

5 2 1 1 0 6 10

Total 31 0 111 0 10 158

1, no medication change; 2, medication dose change; 3, medication change/addition; 4, medication cessation; 5, surgery.
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Chapter 10 Cost–utility analysis of magnetic
resonance enterography versus ultrasonography for
small bowel Crohn’s disease

Introduction

The aim of this substudy was to examine the cost-effectiveness of MRE compared with US for routine
imaging of SBCD. Several published studies have evaluated the cost-effectiveness of different imaging
strategies for CD,78–82 but none of these was UK based and none compared MRE with US.

Methods

Overview of economic evaluation
We undertook a cost–utility analysis to compare the costs and outcomes of MRE versus US based on
data collected in the METRIC trial. The outcome measure was quality-adjusted life-years (QALYs), which
combine length of life and quality of life, based on National Institute for Health and Care Excellence (NICE)
recommendations.83 Cost-effectiveness was expressed as incremental net monetary benefits (INMBs) and
the cost analysis took a UK NHS and Personal Social Services perspective.83 Costs were calculated in 2016–17
Great British pounds (GBP) (£) and inflated where necessary.84 The time horizon was 1 year, reflecting the
fact that national guidance recommends that treatment should be reassessed and follow-up documented at
least every 12 months.85,86 Modelling beyond this time period was therefore felt to be unnecessary because
disease status will be reassessed after 12 months and treatment revised as needed. Therefore, the cost
and health impacts associated with the index MRE or US are unlikely to persist beyond 12 months. Given
the time horizon, discounting was not applied to costs or outcomes. Separate cost–utility analyses were
undertaken for the new diagnosis and suspected relapse cohorts in the METRIC trial.

Diagnostic and treatment stages
The management pathway for patients with CD can be divided into two stages: (1) the diagnostic stage,
in which disease identification, location and activity is determined using clinical information, MRE, US and
other tests and the initial treatment decision is made, and (2) the treatment stage, during which treatment
is delivered, monitored, evaluated and amended as required. The former covers the time from suspected
diagnosis or suspected relapse through diagnosis to treatment decision; the latter covers the time period
following the treatment decision. From an economic evaluation point of view, the diagnostic stage will be
different for MRE and US; the treatment stage may or may not be different, depending on whether or not
MRE and US produce different diagnostic and therapeutic outcomes at the diagnostic stage. If there is
agreement between MRE and US, the economic analysis can focus on the diagnostic stage only because
the treatment stage will be no different between the two options. In this case, the cost-effectiveness of MRI
versus US depends on the incremental cost (positive or negative) of each test at the diagnostic stage, and
any differential impact of the two tests on health-related quality of life (HRQoL). Alternatively, if there is
disagreement between the two tests, the economic analysis should include both the diagnostic and treatment
stages because the cost-effectiveness of MRE versus US depends on differences in costs and QALYs at both
stages. As noted in Chapter 3, there were significant differences in the sensitivity and specificity of MRE and
US against the consensus reference standard in determining the extent of SBCD and also in the sensitivity
of MRE and US in detecting the presence of SBCD. Based on the data in Chapter 9, MRE and US also have
different impacts on clinical decision-making. Therapeutic decisions based on clinical information and MRE
were different from the final reference standard treatment decision in 23% of cases. In the case of US,
the figure was 22%, with differences in therapeutic decisions when comparing MRE and US directly.
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Therefore, based on data from the METRIC trial, the economic analysis should incorporate both diagnostic
and treatment stages.

Diagnostic versus therapeutic impacts
As noted, data are available from the METRIC trial on the differential impact of MRE and US on both diagnostic
and therapeutic outcomes. Costs and QALYs during the treatment stage could be linked to either type
of outcome. Focusing on differences in MRE and US on therapeutic outcomes, for example on differences
in the types of medication taken and their dosages and referrals for surgery, will be directly related to
treatment costs and outcomes following treatment. However, we focus on the diagnostic outcomes as
the basis for the economic analysis for two reasons. The first reason is the larger number of participants
included in the assessment of diagnostic outcomes (the primary outcome) than therapeutic outcomes
(284 vs. 158 participants, respectively). This was a material difference given that separate analyses were
undertaken for the new diagnosis and suspected relapse subgroups and that within these subgroups
further disaggregation is needed in diagnostic or therapeutic categories (see Diagnostic outcomes). The
second reason is that management of CD patients is complex: symptoms are rarely specific and clinicians
balance a range of considerations when determining treatment, including disease extent, activity and
complications, and participant preference. Although there are guidelines85 about which treatments to use
to induce and maintain disease remission, there is substantial clinical freedom about precise treatments to
use for individual participants, with the potential for legitimate variations in treatment between clinicians
for the same participant. Hence, variations in therapeutic decisions may reflect legitimate differences in
treatment practices given the available clinical information and imaging data, as well as variations in the
imaging data. For these reasons we used the diagnostic outcomes from the METRIC trial as the basis for
the economic analysis.

Diagnostic outcomes
We created matrices grouping participants into the following five diagnostic categories:

1. multifocal/proximal SBCD, active disease
2. multifocal/proximal SBCD, inactive disease
3. isolated SBCD in the terminal ileal, active disease
4. isolated SBCD in the terminal ileal, inactive disease
5. no SBCD.

These categories were selected based on clinical opinion collected from the METRIC trial investigators and
were chosen to mirror the primary and secondary outcomes of the METRIC trial in terms of identifying the
presence of CD, as well as the location of CD, and whether or not it was active (see Chapter 3).

The per-participant diagnostic category, based separately on each imaging modality (MRE and US), was
compared with the final diagnostic category based on the consensus reference standard in a series of
five-by-five matrices, with each cell in a matrix containing the proportion of participants in that cell. Separate
matrices were constructed for MRE and US for the new diagnosis and suspected relapse cohorts and were
populated using data from the main trial (see Chapter 3). Weighted mean costs and QALYs for the treatment
stage of the management pathway associated with MRE and US were based on the costs and QALYs accrued
by participants in different cells/rows of the matrices and the proportion of participants in those cells/rows.

Measuring costs
We consider costs separately for the diagnostic and treatment stages of the management pathway.
Potential cost components at the diagnostic stage are:

1. conventional investigations (e.g. ileocolonoscopic, histological and clinical) and conventional imaging
tests (e.g. CT and BaFT)

2. treating adverse events associated with conventional investigations
3. MRE
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4. treating adverse events associated with MRE
5. additional tests generated by MRE findings
6. US
7. treating adverse events associated with US
8. additional tests generated by US findings
9. MDT meetings to discuss test results and determine treatment where necessary.

We wanted to calculate the incremental cost of MRE versus US. Items 1, 2 and 9 were the same whether the
participant had MRE or US and so were not included (in the case of item 9 we assumed that all participants
who underwent MRE or US would be discussed at a MDT meeting, even if the test indicates that they have
no SBCD). No adverse events related to MRE or US for SBCD were recorded in the METRIC trial (see Chapter 3),
so items 4 and 7 were not included. No additional tests were recorded as generated by MRE or US for
SBCD participants (see Chapter 3). Additional small bowel imaging tests triggered by discrepant MRE and
US findings were not included as they are unlikely to reflect NHS practice when in general only one or other
of MRE or US is used, so items 5 and 8 were also not included. Additional imaging tests during follow-up
were included. As a consequence, the costs of the diagnostic stage were reduced to the costs of MRE and
US (items 3 and 6).

The unit costs for MRE and US were taken from 2016/17 Reference Costs.87 The base-case unit cost of MRE
was £180, based on the national average unit cost of MRI of one area with pre- and post-contrast delivered
in an outpatient setting. This was varied in sensitivity analyses to the national lower- and upper-quartile unit
costs (£127 and £192, respectively) and to the national average unit cost of MRI of one area without contrast
in an outpatient setting (£139). The base-case unit cost of US was £52, based on the national average unit
cost of US with a duration of < 20 minutes without contrast delivered in an outpatient setting. This was
varied between the lower- and upper-quartile values (£37 and £60, respectively) and to the national average
unit cost of US with a duration of ≥ 20 minutes without contrast delivered in an outpatient setting (£65).

At the treatment stage, resource use data were obtained on the following cost components for every
participant in the trial, collected via CRFs and participant resource use diaries:

l medications for CD
l surgical procedures for CD
l hospital admissions for CD
l additional imaging/endoscopic investigations for CD
l other outpatient visits for CD
l primary care contacts for CD

¢ visits to the general practitioner (GP) at the surgery
¢ telephone calls to the GP
¢ visits to the practice nurse at the surgery
¢ nurse visits at home
¢ telephone calls to the practice nurse.

Data were collected separately for months 1–3 and 4–6 after baseline. Unit costs were obtained from
published and market sources,84,87–92 inflated where appropriate,84 and multiplied by resource use collected
in the trial. For CD medications, we accounted for the average cost of the induction phase (typically
8 weeks) and the maintenance phase (typically 26 weeks) apportioned over the 6-month follow-up based
on national treatment recommendations.88–92 Where use of medications was recorded, we assumed that
the treatment started at the beginning of the first follow-up period in which it was first recorded.

For participants recruited to the METRIC trial, actual treatment was based on all available clinical,
endoscopic and imaging information. In particular, both MRE and US reports were made available to
treating clinicians as part of the trial protocol (see Chapter 2). As a consequence, it was not possible to
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calculate actual mean treatment costs per participant over the 6-month follow-up period for every cell
of the five-by-five diagnostic matrices based on MRE and US findings separately. Instead, we calculated
the mean cost per participant in each of the five diagnostic categories based on the consensus reference
standard; we did this for new diagnosis and suspected relapse participants. We then calculated the mean
costs per participant according to the proportion of participants placed in each category by MRE and US
separately, as recorded by reporting practitioners during the trial. Again, this was done for both new
diagnosis and suspected relapse participants. This assumes that if participants are placed in one of the five
diagnostic categories based on MRE or US findings, their costs are the same as if they were placed in the
same category by the consensus reference standard. We explored the sensitivity of the results to this
assumption by varying follow-up costs during the treatment stage in sensitivity analyses.

Data were collected in the trial for up to 6 months after recruitment. We estimated costs over the 12-month
time horizon by extrapolation, multiplying the costs incurred from months 4 to 6 by 3. In sensitivity analyses,
as noted, we varied follow-up costs during the treatment stage and ran another sensitivity analysis using a
6-month time horizon only, with no extrapolation.

Measuring quality-adjusted life-years
We considered the impact of MRE and US on QALYs during both the diagnostic and treatment phases.
MRE and US were only likely to affect HRQoL if they were associated with adverse events. As noted, there
were no reported adverse events (see Chapter 3); therefore, we focused on QALYs accrued during the
treatment stage.

Generic health status was measured using the EuroQol-5 Dimensions, five-level version (EQ-5D-5L), which
was completed by participants at baseline, 3 months and 6 months. This measure contains five dimensions
(mobility, self-care, usual activities, pain and discomfort, anxiety and depression), with five levels in each
dimension. Each EQ-5D-5L health state can be converted into a single summary index (utility value) by
applying a formula that attaches weights to each of the levels in each dimension based on valuations by
general population samples.93 In accordance with the NICE Position Statement on the EQ-5D-5L,94 we used
a mapping function to convert the EQ-5D-5L into EuroQoL-5 Dimensions, three-level version (EQ-5D-3L),
utility scores for the UK population to calculate utility values at each time point for every participant.95

A utility value of 1 represents full health, a value of 0 is equivalent to death and negative values represent
states worse than death. No participant died during the follow-up period.

As noted, actual participant treatment was based on all available clinical, endoscopic and imaging
information. As a consequence, it was not possible to directly calculate QALYs per participant over the
6-month follow-up period for every cell of the five-by-five diagnostic matrices based on MRE and US
findings separately. We therefore calculated mean utility values at each time point for the five diagnostic
categories based on the consensus reference standard. We calculated QALYs over the 6-month period
assuming a straight-line relation between the utility values at each time point (calling these ‘6-month utility
QALYs’). We then also calculated QALYs assuming the baseline utility value persisted over the whole
6-month period (calling these ‘baseline utility QALYs’). We assumed that 6-month utility QALYs would be
higher than baseline utility QALYs as the former includes the effects of treatment. We then calculated the
mean 6-month utility and baseline utility QALYs per participant in each of the five diagnostic categories
based on the consensus reference standard; we did this separately for new diagnosis and suspected
relapse participants.

We then calculated the mean per-participant QALYs for MRE and US based on the proportion of
participants who were placed in each diagnostic category, by the reporting practitioners, by each test.
We did this separately for new diagnosis and suspected relapse participants. Where the diagnostic
category from MRE or US matched the diagnostic category assigned by the consensus reference standard,
we allocated the 6-month utility QALY value to that outcome; where they did not match we assigned the
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baseline utility QALY value. With the assumption that 6-month utility QALYs were higher than baseline
utility QALYs, this approach means that where diagnostic category based on MRE or US disagrees with
the consensus reference category, they will incur a QALY penalty. We ran sensitivity analyses using an
alternative decision rule for assigning 6-month utility QALYs and baseline utility QALYs to the diagnostic
outcomes and where we forced 6-month utility QALYs to be higher than baseline utility QALYs (which was
not the case for every diagnostic category using the raw data).

We extended 6-month utility and baseline utility QALY estimates to 12 months using simple extrapolation,
assuming that utility scores at 6 months remained constant during the period 7–12 months. As noted,
in sensitivity analyses we explored the effect of using a 6-month time horizon only with no extrapolation,
and of making alternative assumptions about utility values in the analysis.

Dealing with missing data
There was a substantial number of missing resource use data for primary care contacts and other outpatient
attendances (> 50%), which were based on patient resource diaries. For other cost components, which
relied on CRF collection, the extent of missing resource use data was low (< 5%). There were also missing
utility values based on participant resource diaries at baseline (8%), 3 months (48%) and 6 months (64%).
Multiple imputation was used to impute missing values for costs and utility values during the 6-month
follow-up period. For costs, we imputed all the cost components included in the cost analysis. The cost
variables we imputed were unit costs multiplied by resource use. For utilities, we imputed utility values at
baseline, 3 months and 6 months. We included age, sex, study centre and participant cohort (new diagnosis
or suspected relapsed cohort) in the imputation models as additional explanatory variables. We used
multivariate multiple imputation by chained equations96 to impute missing values. This method assumes that
the data are missing at random and fills in the missing values up to n number of prespecified times, creating
multiple duplicates of the estimated missing value. We created 20 imputed data sets and calculated mean
values and SEs for inclusion in our model using Rubin’s rules to include both within-imputation variance
(accounting for uncertainty if the data were complete) and between-imputation variance (accounting for
uncertainty about the missing data).97 We repeated the imputation process several times using different
random number seeds and the mean values and SEs did not vary appreciably.

Measuring cost-effectiveness
Mean costs, outcomes and net monetary benefits (NMBs) were compared between MRE and US for new
diagnosis and suspected relapse participants separately. We calculated differences in mean costs, QALYs
and INMBs between groups. NMBs for MRE and US were calculated as the mean QALYs per participant
(Q) multiplied by the maximum willingness to pay for a QALY (R) minus the mean cost per participant (C):

NMBi = Qi × R –Ci, (1)

in which i is MRE or US. The treatment option with the highest NMB (either most positive or least negative)
is preferred on cost-effectiveness grounds. The INMB was calculated as the difference in mean QALYs per
participant based on MRE versus US multiplied by the maximum willingness to pay for a QALY minus the
difference in mean cost per participant:

INMB = (QMRE –QUS) × R– (CMRE –CUS) = NMBMRE – NMBUS. (2)

We used the lower bound of the cost-effectiveness threshold range recommended by NICE (£20,000)83 as
the maximum willingness to pay for a QALY (R) and varied this in sensitivity analyses. If the INMB was
positive or negative then MRE or US, respectively, was preferred on cost-effectiveness grounds.
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Sensitivity analyses
A probabilistic sensitivity analysis (PSA) was undertaken,83 varying the following model parameters
simultaneously:98

l Costs of index MRE and US, modelled using a triangular distribution, with lower and upper boundaries
of the distribution based on the lower-quartile and upper-quartile unit costs from NHS Reference Costs.87

l Costs during follow-up, with separate costs measured for time periods 1–3 months and 4–6 months
for each diagnostic category, and for new diagnosis and suspected relapse participants. These were
modelled using gamma distributions, with parameter values α and β based on the mean values and SEs
for each category from the study sample.

l Probabilities of each diagnostic category based on the consensus reference standard for MRE and US
for new diagnosis and suspected relapse participants. These were modelled using Dirichlet distributions
based on the proportion of participants in each category based on the consensus reference standard in
the study sample.

l Utilities during follow-up, with separate utilities measured at baseline, 3 months and 6 months for each
diagnostic category and for new diagnosis and suspected relapse participants. These were modelled
using beta distributions, with parameter values α and β based on the mean values and SEs for each
category from the study sample.

l Probability of being in each cell of the five-by-five diagnostic outcome matrices comparing the
consensus reference standard separately with MRE and US for new diagnosis and suspected relapse
participants. These were modelled using Dirichlet distributions based on the proportion of participants
in each cell in the study sample.

After assigning distributions to each parameter, a random value from the corresponding distribution for
each parameter was selected simultaneously. The selected values were used in the model to generate
estimated values of the following output variables: mean cost, mean QALYs and the NMB associated with
MRE and US, and the incremental costs and QALYs gained and INMB of MRE versus US. This was repeated
1000 times and the results for each simulation were noted. The 95% credibility intervals (CrIs) around the
base-case values of each output variable were computed based on the 2.5th and 97.5th percentile values
from the PSA. For each of the 1000 simulations, the proportion of times MRE or US had the highest NMB
was calculated for a range of values for the maximum willingness to pay for 1 QALY, which was varied
from £0 to £50,000. These were summarised graphically using cost-effectiveness acceptability curves. Note
that the probability that US was cost-effective was 1 minus the probability that MRE was cost-effective.

We also undertook deterministic sensitivity analyses, varying the following model parameters one at a time:

l We calculated NMBs and INMBs using a cost-effectiveness threshold of £15,000 and £30,000 per QALY
gained (base-case value of £20,000).

l We calculated costs and QALYs over a 6-month time horizon with no extrapolation beyond this period
(base case was 12 months).

l We assigned QALYs to each cell in the five-by-five diagnostic outcome matrices based on whether or
not MRE or US produced the same decision as the consensus reference standard only, with respect to
having a diagnosis of SBCD or not – where the diagnostic outcome was the same in terms of having
SBCD or not, the QALYs based on baseline, 3-month and 6-month utility scores were used; where the
diagnostic outcome was not the same in terms of having SBCD or not, QALYs were based on baseline
utilities only (and, in the base case, incorrect diagnostic outcomes in terms of location and activity of
disease were also ‘penalised’).

l The cost of MRE was set at the lower-quartile (£127) and upper-quartile (£192) unit costs from NHS
Reference Costs (base-case value of £180).87 It was also set to the national average assuming that no
contrast agents were used (£139).

l The cost of US was set at the lower-quartile (£37) and upper-quartile (£60) unit costs from NHS
Reference Costs (base-case value of £52).87 It was also set to the national average assuming US with a
duration of ≥ 20 minutes (£65).
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l Costs during follow-up were set at the lower and upper 95% confidence limits (base-case value set at
sample mean).

l No imputation of missing cost and utility data during follow-up was undertaken (base case included
values imputed using multiple imputation).

l Utility scores in each diagnostic category at 3 and 6 months were forced to be 0.05 and 0.1 higher,
respectively, than the baseline value (base case used mean values of the actual utility scores at 3 and
6 months).

l Utility scores in each diagnostic category at 3 months and 6 months were forced to be 0.1 and 0.2
higher, respectively, than the baseline value (base case used mean values of the actual utility scores at 3
and 6 months).

Results

Diagnostic outcomes
Reflecting the primary and secondary outcomes of the study (see Chapter 3), there were differences in
diagnostic accuracy between MRE and US against the consensus reference standard (Tables 33–36). In the
new diagnosis cohort there was 75% (100/133) agreement between MRE and the consensus reference
standard in terms of the five diagnostic categories (see Table 33), compared with 63% (84/133) agreement
between US and the consensus reference standard (see Table 34). For the suspected relapse cohorts there
was 68% (103/151) and 60% (90/151) agreement between MRE and the consensus reference standard and
between US and the consensus reference standard, respectively (see Tables 35 and 36). The incremental
cost-effectiveness is mainly dependent on the difference in the level of agreement between the two tests
and the consensus reference standard.

Resource use and costs at the treatment stage
Data in Appendix 21, Table 59, show resource use and unit costs for each of the five diagnostic outcomes
presented for new diagnosis and suspected relapse participants combined. Accounting for missing data
using multiple imputation, mean total costs per participant varied over the two 3-month periods and the
five diagnostic categories from £1252 to £7859 for new diagnosis participants and from £1290 to £4471
for the suspected relapse participants (Table 37). Note that for some categories the number of observations
was small. It is difficult to identify trends in costs between the diagnostic categories and between the new
diagnosis and suspected relapse cohorts. Values were broadly similar for the complete-case analysis with no
multiple imputation (see Appendix 22, Table 60).

TABLE 33 Diagnostic accuracy matrices (new diagnosis cohort): MRE vs. consensus reference standard
(133 participants)

Consensus

MRE

TotalA B C D E

A 0.098 0.008 0.045 0.000 0.008 0.158

B 0.008 0.000 0.000 0.000 0.000 0.008

C 0.060 0.000 0.496 0.000 0.075 0.632

D 0.000 0.000 0.030 0.000 0.008 0.038

E 0.000 0.000 0.008 0.000 0.158 0.165

A, multifocal/proximal SBCD, active disease; B, multifocal/proximal SBCD, inactive disease; C, isolated terminal ileal SBCD,
active disease; D, isolated terminal ileal SBCD, inactive disease; E, no SBCD.
Shaded cells indicate agreement between MRE and consensus reference standard.
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TABLE 34 Diagnostic accuracy matrices (new diagnosis cohort): US vs. consensus reference standard
(133 participants)

Consensus

US

TotalA B C D E

A 0.090 0.000 0.045 0.008 0.015 0.158

B 0.000 0.000 0.000 0.008 0.000 0.008

C 0.075 0.008 0.406 0.030 0.113 0.632

D 0.008 0.000 0.023 0.000 0.008 0.038

E 0.008 0.000 0.023 0.000 0.135 0.165

A, multifocal/proximal SBCD, active disease; B, multifocal/proximal SBCD, inactive disease; C, isolated terminal ileal SBCD,
active disease; D, isolated terminal ileal SBCD, inactive disease; E, no SBCD.
Shaded cells indicate agreement between US and consensus reference standard.

TABLE 35 Diagnostic accuracy matrices (suspected relapse cohort): MRE vs. consensus reference standard
(151 participants)

Consensus

MRE

TotalA B C D E

A 0.113 0.000 0.013 0.000 0.013 0.139

B 0.020 0.007 0.000 0.000 0.000 0.026

C 0.099 0.007 0.391 0.020 0.040 0.556

D 0.013 0.000 0.046 0.007 0.020 0.086

E 0.007 0.007 0.007 0.007 0.166 0.192

A, multifocal/proximal SBCD, active disease; B, multifocal/proximal SBCD, inactive disease; C, isolated terminal ileal SBCD,
active disease; D, isolated terminal ileal SBCD, inactive disease; E, no SBCD.
Shaded cells indicate agreement between MRE and consensus reference standard.

TABLE 36 Diagnostic accuracy matrices (suspected relapse cohort): US vs. consensus reference standard
(151 participants)

Consensus

US

TotalA B C D E

A 0.079 0.007 0.040 0.000 0.013 0.139

B 0.013 0.007 0.000 0.000 0.007 0.026

C 0.066 0.013 0.364 0.026 0.086 0.556

D 0.020 0.007 0.020 0.013 0.026 0.086

E 0.033 0.000 0.020 0.007 0.132 0.192

A, multifocal/proximal SBCD, active disease; B, multifocal/proximal SBCD, inactive disease; C, isolated terminal ileal SBCD,
active disease; D, isolated terminal ileal SBCD, inactive disease; E, no SBCD.
Shaded cells indicate agreement between US and consensus reference standard.
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TABLE 37 Mean CD management costs and utilities per participant at the treatment stage

Disease description

Costs (£) Utilities

Months 1–3 Months 4–6 Baseline 3 months 6 months

Mean (SE) n Mean (SE) n Mean (SE) n Mean (SE) n Mean (SE) n

New diagnosis cohort (N = 132)

Multifocal/proximal SBCD

Active disease 3807 (760) 21 1549 (483) 21 0.79 (0.04) 21 0.77 (0.05) 21 0.79 (0.05) 21

Inactive disease 7889 1 4437 1 0.79 1 0.79 1 0.80 1

Isolated terminal ileal SBCD

Active disease 2379 (296) 84 1855 (371) 84 0.74 (0.03) 84 0.76 (0.03) 84 0.75 (0.03) 84

Inactive disease 2466 (1605) 5 1252 (1148) 5 0.76 (0.03) 5 0.78 (0.08) 5 0.61 (0.17) 5

No SBCD 1855 (511) 22 1513 (842) 22 0.82 (0.04) 22 0.77 (0.04) 22 0.77 (0.05) 22

Suspected relapse cohort (N = 150)

Multifocal/proximal SBCD

Active disease 4361 (715) 21 3379 (529) 21 0.79 (0.03) 21 0.79 (0.05) 21 0.76 (0.06) 21

Inactive disease 3423 (1915) 4 3308 (1112) 4 0.78 (0.05) 4 0.74 (0.08) 4 0.75 (0.09) 4

Isolated terminal ileal SBCD

Active disease 3542 (377) 84 2114 (297) 84 0.75 (0.02) 84 0.79 (0.03) 84 0.76 (0.03) 84

Inactive disease 1290 (600) 13 1610 (668) 13 0.82 (0.02) 13 0.85 (0.05) 13 0.80 (0.05) 13

No SBCD 4471 (653) 29 2010 (418) 29 0.73 (0.03) 29 0.75 (0.04) 29 0.75 (0.05) 29

Costs are in 2016–17 GBP (£).
Data include values imputed using multiple imputation.

D
O
I:10.3310/hta23420

H
EA

LTH
TECH

N
O
LO

G
Y
A
SSESSM

EN
T
2019

VO
L.23

N
O
.42

©
Q
ueen

’s
Printer

and
C
ontroller

of
H
M
SO

2019.
This

w
ork

w
as

produced
by

Taylor
et

al.
under

the
term

s
of

a
com

m
issioning

contract
issued

by
the

Secretary
of

State
for

H
ealth

and
SocialC

are.
This

issue
m
ay

be
freely

reproduced
for

the
purposes

of
private

research
and

study
and

extracts
(or

indeed,
the

fullreport)
m
ay

be
included

in
professional

journals
provided

that
suitable

acknow
ledgem

ent
is
m
ade

and
the

reproduction
is
not

associated
w
ith

any
form

of
advertising.

A
pplications

for
com

m
ercialreproduction

should
be

addressed
to:

N
IH
R
Journals

Library,
N
ationalInstitute

for
H
ealth

Research,
Evaluation,

Trials
and

Studies
C
oordinating

C
entre,

A
lpha

H
ouse,

U
niversity

of
Southam

pton
Science

Park,
Southam

pton
SO

16
7N

S,
U
K
.

77



Utility values
Mean utility values at each follow-up point for each of the five diagnostic categories are shown in Table 37.
There are no obvious trends in baseline utility score by diagnostic category; for some diagnostic categories
utilities improved over time and in others they worsened. Mean utility scores at baseline for the new diagnosis
cohort varied across a narrow range from 0.74 to 0.82, with the lowest value in those patients with active
disease in the terminal ileum and the highest value in those patients with no SBCD. In the suspected relapse
cohort, the range at baseline was 0.73 to 0.82, with the lowest value in those patients with no SBCD and the
highest value in those patients with inactive disease in the terminal ileum. In the new diagnosis cohort, utilities
stayed constant over 6 months for participants with active multifocal/proximal disease, improved in those
patients with active disease of the terminal ileum and worsened for the other three groups. In the suspected
relapse cohort, utilities improved in participants with disease of the terminal ileum (active and inactive)
and in those patients with no SBCD but worsened in those patients with multifocal/proximal disease (active
and inactive). Values were broadly similar for the complete-case analysis with no multiple imputation
(see Appendix 22, Table 60).

Cost–utility analysis
For the new diagnosis cohort, mean costs per participant over 12 months were £7923 based on MRE
categorisation and £7690 based on US categorisation, an incremental cost of MRE versus US of £233
(95% CrI –£612 to £1061) (Table 38). This figure is slightly higher than the difference in the costs between
the two tests (£128). Total QALYs were the same to two decimal places, with the difference in QALYs
gained between MRE and US being 0.0004 (95% CrI –0.016 to 0.018). The NMBs for MRE and US were
not significantly different, at £7288 (95% CrI £4797 to £9111) and £7513 (95% CrI £4936 to £9392),
respectively, giving an INMB of MRE compared with US that was not significantly different from zero
[–£225 (95% CrI –£1085 to £713)].

For the suspected relapse cohort, the difference in incremental cost of MRE compared with US was £299
(95% CrI –£267 to £946). The difference in QALYs gained with MRE compared with US was –0.0001
(95% CrI –0.013 to 0.011). The NMBs for MRE and US were not significantly different [£4020 (95% CrI
£2426 to £5488) and £4321 (95% CrI £2696 to £5787), respectively], with a non-significant INMB of MRE
versus US of –£301 (95% CrI –£993 to £305). Detailed findings were qualitatively similar using a 6-month
time horizon, with no extrapolation (see Appendix 23, Table 61). Utility values computed using the EQ-5D-5L
value set for England are shown in Appendix 24, Table 62.

TABLE 38 Incremental cost-effectiveness of MRE vs. US

Cohort

Mean (95% CrI)

Total cost (£) Total QALYs NMB (£)

New diagnosis

MRE 7923 (6178 to 10,187) 0.76 (0.72 to 0.79) 7288 (4797 to 9111)

US 7690 (5961 to 9980) 0.76 (0.72 to 0.79) 7513 (4936 to 9392)

Suspected relapse

MRE 11,317 (9821 to 12,912) 0.77 (0.74 to 0.78) 4020 (2426 to 5488)

US 11,017 (9604 to 12,573) 0.77 (0.74 to 0.79) 4321 (2696 to 5787)

Cohort Incremental cost (£) QALYs gained INMB (£)

New diagnosis

MRE minus US 233 (–612 to 1061) 0.0004 (–0.016 to 0.018) –225 (–1085 to 713)

Suspected relapse

MRE minus US 299 (–267 to 946) –0.0001 (–0.013 to 0.011) –301 (–993 to 305)

NMB and INMB calculated at a cost-effectiveness threshold of £20,000 per QALY gained.
Costs are in 2016–17 GBP (£).
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Sensitivity analyses
The cost-effectiveness acceptability curves shows that at a maximum willingness to pay for 1 QALY of
£20,000, the probability that MRE is cost-effective in the new diagnosis cohort was 0.28 and the probability
that US was cost-effective was 0.72 (Figure 10). For the suspected relapse cohort, the probabilities were 0.16
(MRE) and 0.84 (US). The curves shown in Figure 10 are relatively flat over the range of values on the x-axis,
indicating that variations in the cost-effectiveness threshold shown do not affect relative cost-effectiveness
appreciably. This suggests that the cost-effectiveness of MRE versus US is driven predominantly by differences
in costs rather than QALYs (the cost-effectiveness threshold is used in the calculation of the INMBs to monetise
the QALY gains). The gaps between the cost-effectiveness acceptability curves for MRE and US are relatively
wide because an important driver of the difference in costs between the two options is the cost of each test
(base-case values of £180 for MRE, £52 for US); given this difference and the parameters used in the PSA, the
proportion of times in the 1000 simulations in the PSA where MRE was costlier than US was relatively small.
The interpretation is that although the probability that US is cost-effective is higher than the probability that
MRE is cost-effective, there remains no significant differences in cost, outcomes and NMBs overall between
the two options.

The findings did not change appreciably when we undertook the deterministic sensitivity analyses.
The INMBs were most sensitive to varying the costs during follow-up, and to forcing utilities at 3 and
6 months to be higher than the baseline value (Table 39), but in every case, for both the new diagnosis
and suspected relapse cohorts, the incremental MNB was not significantly different from zero.
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FIGURE 10 Cost-effectiveness acceptability curves showing the probability that MRE and US are cost-effective at
different values of the cost-effectiveness threshold.
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TABLE 39 Univariate sensitivity analyses: cost-effectiveness of MRE vs. US

Variable

INMB (£), MRE minus US, mean (95% CI)

New diagnosis cohort Suspected relapse cohort

Base case –225 (–1085 to 713) –301 (–993 to 305)

Cost-effectiveness threshold of £15,000
per QALY gained

–227 (–1080 to 686) –301 (–996 to 286)

Cost-effectiveness threshold of £30,000
per QALY gained

–221 (–1169 to 797) –302 (–1045 to 354)

6-month time horizon –147 (–610 to 368) –209 (–537 to 113)

Utilities based on whether or not tests
correctly diagnose SBCD

–241 (–1087 to 689) –287 (–985 to 353)

Cost of MRE

£127 –172 (–1052 to 671) –248 (–939 to 414)

£139 –184 (–1105 to 852) –260 (–895 to 368)

£192 –237 (–1071 to 731) –313 (–1041 to 349)

Cost of US

£37 –240 (–1087 to 602) –316 (–930 to 322)

£60 –217 (–1104 to 687) –293 (–904 to 335)

£65 –212 (–1236 to 667) –288 (–948 to 291)

Costs during follow-up set at lower
95% confidence limit

–467 (–1103 to 169) –388 (–993 to 161)

Costs during follow-up set at upper
95% confidence limit

192 (–1760 to 2225) –210 (–1057 to 555)

No imputation of missing follow-up
data

–244 (–2332 to 1511) –474 (–2612 to 1091)

3-month and 6-month utilities in each
diagnostic category forced to be 0.05
and 0.1 higher, respectively, than
baseline value

–52 (–952 to 849) –198 (–867 to 402)

3-month and 6-month utilities in each
diagnostic category forced to be 0.1
and 0.2 higher, respectively, than
baseline value

189 (–721 to 1158) –197 (–1104 to 688)

All analyses are as for the base-case analysis with univariate adjustment of the parameters listed.
INMB calculated at a cost-effectiveness threshold of £20,000 per QALY gained excepted where stated.
Costs are in 2016–17 GBP (£).
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Chapter 11 Discussion

Main trial

Cross-sectional imaging is fundamental for diagnosis and management of CD and is replacing barium
fluoroscopic techniques, which have been the bedrock of small bowel imaging for many years. Dissemination
of cross-sectional imaging, however, has occurred despite a paucity of supportive data from prospective
multicentre studies recruiting consecutive and unselected participants. Emphasis is placed on MRE and US
as they avoid ionising radiation. At the time of writing, the METRIC trial is the largest prospective multicentre
study directly comparing diagnostic accuracy of MRE and US for the presence, extent and activity of CD in
the same participants.

Overall, we found that both tests achieved high sensitivity for SBCD; sensitivity of MRE and US was
97% and 96%, and specificity was 92% and 84%, respectively. Sensitivity compares favourably with
the estimates from the various available meta-analysis (see Table 1). For example, Dong et al.18 estimated
sensitivity and specificity of US at 88% and 97%, respectively, and Liu et al.23 reported corresponding
figures of 86% and 93% for MRE. As noted in Chapter 2, the primary literature is relatively deficient,
with the majority of studies small and single centre23,26 and few comparing tests directly in the same
participant, despite this being advocated as optimal methodology for diagnostic accuracy studies.29 For
example, in a recent meta-analysis, Greenup et al.21 found that just 1 of 33 included studies compared
MRE and US directly in the same participants. Our data suggest that both MRE and US are valid first-line
investigations in detecting SBCD and are competitive with ileocolonoscopy for evaluating the terminal
ileum. Indeed, against a colonoscopic reference standard (available in 186 participants) we found that
MRE and US achieved 97% and 91% sensitivity, respectively, for terminal ileal disease.

However, our primary outcome was not only simple detection of SBCD but also correct segmental
localisation (to the duodenum, jejunum, ileum and/or terminal ileum). Management of CD is contingent on
the presence and extent of disease. For example, a participant with isolated active terminal ileal disease
would be a candidate for either surgical resection or medical therapy,99 but the presence of additional
jejunal disease would probably tip the balance in favour of medical therapy. As would be expected,
sensitivity for SBCD extent, although good (80% and 70% for MRE and US, respectively), was lower than
simple detection. Importantly, although the final study cohort was smaller than originally planned (owing
to a higher than expected number of dropouts, which were most commonly due to a final diagnosis other
than CD), we met the requirements of a power calculation (210 participants with SBCD) and therefore
could answer our primary research question with confidence.

Although both MRE and US performed well in the setting of the trial, we found that MRE had significantly
higher sensitivity and specificity for small bowel extent and higher sensitivity for disease presence than US.
The study was not powered to detect test accuracy differences for individual bowel segments; nevertheless,
we found that MRE had significantly greater sensitivity than US for disease in the ileum (84% and 56%
sensitivity, respectively, in 38 positive segments). Radiologists graded visualisation of the ileum as good in
231 out of 284 (81%) participants with MRE compared with 201 out of 284 (71%) participants with US,
suggesting that some of the missed disease could have been missed owing to poor visualisation of ileal loops,
for example secondary to a deep pelvic location or obscuration by bowel gas. In support, the overall number
of perceptual errors noted by the consensus reference standard panel was small, and similar between MRE
(9%) and US (14%). It should of course be noted that the ability of the panel to classify US perceptual errors
was limited to the images taken by the practitioner at the time of the study. Practitioners were encouraged to
provide an image or images of every bowel segment, but given the real-time interruption of US, these may
not be fully representative of what was seen during the examination. Sensitivity of MRE and US was similar
for jejunal disease (and > 60% for both tests), although only 13 participants had jejunal involvement, limiting
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conclusions that can be drawn. It is interesting to note that jejunal visualisation was graded as better on US
than on MRE [graded as good in 131/284 (46%) on MRE vs. 163/284 (57%) on US]. Jejunal loops are often
poorly distended using conventional MRE protocols with oral contrast agent ingestion, but, with the caveat
that there was a small number of relevant participants, our data are relatively reassuring that MRE can detect
diseased jejunum with reasonable accuracy (achieving 71% sensitivity).

Magnetic resonance enterography was also significantly more sensitive than US in detecting active SBCD
(96% vs. 90%, respectively). We required at least one independent activity marker before a participant could
be classified as having active disease (either raised CRP or FC levels, ulceration at endoscopy or histologically
proven acute inflammation). An advantage of this approach is that it reduces incorporation bias from the
imaging tests themselves. However, some participants with very probable active disease on imaging did not
necessarily have any of these independent markers, and therefore would have been classified as inactive.
However, the number falling into this category was small (< 10 participants). Furthermore, this limitation would
affect both MRE and US equally, so would not have an impact on our conclusions. The sensitivity data for MRE
and US were once again at the upper limit of those estimated by meta-analysis data (see Table 1). Indeed,
Puylaert et al.26 estimated the sensitivity of US to be just 44%;26 our data suggest that it is much better than
that. However, we did not grade the level of activity (e.g. as mild, moderate or severe) and there is evidence
that, for example, MRE has higher sensitivity for participants with ‘frank’ activity than those participants with
less active disease.22 It is likely that our cohort was skewed towards participants with more active disease given
the need for at least one independent marker of activity. Furthermore, the 133 new diagnosis participants will
have been on treatment for a limited amount of time, if at all, meaning that their disease was more likely to be
active. The suspected relapse cohort was also required to have either raised CRP/FC levels or endoscopic
abnormality to be eligible if they did not exhibit obstructive symptoms. The high sensitivity and specificity of
MRE and US for active SBCD probably reflects this disease spectrum. Sites measured FC locally. Although there
may be differences in assay between sites, in all sites a FC level of > 100 µg/g was considered abnormal and
was therefore used as part of the inclusion criteria. A higher FC level of > 250 µg/g was used to define active
disease, because for all sites this was interpreted as active disease. A different level was used between the
eligibility criteria and the definition of activity because for the latter we wanted to ensure high specificity,
because for some participants they could be the only criteria for activity available to the consensus reference
panel. Conversely, we used the same CRP cut-off point for eligibility and activity. We could have also stipulated
a higher CRP level for disease activity, but at the time of trial design the research team considered the specificity
of FC of > 100 µg/g to be less than a CRP level of > 8mg/l, and so a higher cut-off point for only the former
was chosen.

To ‘label’ a participant as having active disease, the imaging test must first identify the disease as present.
The sensitivity difference between MRE and US for SBCD activity was very similar to that for disease
presence (regardless of activity), suggesting that, once disease has been positively identified, both tests are
probably similar in classifying disease as active or inactive.

We recruited approximately equally from two cohorts: those newly diagnosed with CD and those with
established disease and suspected relapse. Both are clinically distinct and important, and may manifest with
differing disease phenotypes; prevalence of stricturing and penetrating disease increases with time.100 Noting
that the METRIC trial was not powered to detect differences between these two cohorts, we found that
sensitivity for SBCD was similar (both overall and at the small bowel segmental level), although specificity
tended to be lower in those participants with suspected relapse, particularly for US. The reason for this is unclear,
although it is possible that previously diseased bowel never completely goes back to ‘normal’ when the disease
is quiescent, and this is manifested as subtle mural changes on US, leading to overdiagnosis. Future research
should investigate the prognostic significance of residual mural changes in bowel achieving mucosal healing.
Although the number of extraluminal complications was relatively small, MRE has numerically greater sensitivity
for abscess and fistulae than US (71% vs. 43% and 86% vs. 52%, respectively). This tends to lend support
to the opinion statement from the ESGAR/European Crohn’s and Colitis Organisation (ECCO) international
guideline group: following negative US, MRE or CTE should be performed in individuals still highly
suspected of harbouring an underlying fistula or abscess.5
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Our primary outcomes centred around detection and staging of CD in the small bowel, but secondary
outcomes investigated the diagnostic performance of both tests in the colon. In this regard, overall we
found no significant difference between MRE and US for colonic CD detection (64% and 73%, respectively).
However, the sensitivity of both tests was considerably lower than for the small bowel. Furthermore, sensitivity
for colonic CD extent was poor (22% for MRE and 17% for US). The inferior performance in the colon in
part reflects the intrinsic limitations of both tests for detecting colonic CD. For example, MRE protocols were
focused on the small bowel and did not include a colonic enema, which improves sensitivity for disease in the
colon.54 However, it also probably reflects the exquisite sensitivity of colonoscopy and histology for detection
of subtle mucosal disease beyond the resolution of imaging. Colonoscopy was available to the consensus
reference panel in 186 of the recruited participants and, against this standard of reference alone, MRE and
US sensitivity for colonic CD presence dropped to 41% and 49%, respectively. It was not possible to insist on
CapE in all participants (owing to limitations in access across sites, participant compliance, costs and risks of
retention), but it would have been interesting to compare the sensitivity of the tests for SBCD against CapE
(which, like colonoscopy, affords very detailed views of the bowel mucosa).101,102 It should be remembered
that specificity of CapE is potentially low103 and so in itself it is not a ‘perfect’ standard of reference.

We did find that US had higher sensitivity for colonic CD presence in the new diagnosis cohort than MRE
(67% vs. 47%, respectively). Optimised colonic evaluation using MRE requires cleansing and fluid distension54

not readily achieved using standard MRE protocols, whereas, in general, US relies on evaluating the manually
compressed unprepared colon wall. We can therefore surmise that US has greater sensitivity than MRE for
colonic changes associated with a new diagnosis, although it still falls short of colonoscopy. Both tests had
higher sensitivity for colonic CD in the suspected relapse group than the new diagnosis cohort. This may in
part reflect the greater availability of colonoscopy to the consensus panel in the new diagnosis cohort (with
increased detection of subtle disease), but it is also likely that accumulative bowel damage following repeated
episodes of colonic inflammation in chronic disease may be better appreciated on cross-sectional imaging
owing to more discernible changes in the structure and thickness of the colon wall. In terms of colonic
segmental disease detection, MRE had significantly greater sensitivity in the rectum than US (44% vs. 22%,
respectively). This is not unexpected given the difficulties in US interrogation of the rectum owing to its
deep posterior pelvic location. In support, visualisation was rated as poor in 56% (new diagnosis) and 46%
(suspected relapse) of participants using US compared with 30% (new diagnosis) and 18% (suspected relapse),
respectively, on MRE.

Our primary analysis considered equivocal findings on MRE and US as positive given the implications for
clinical care of an equivocal result: either treatment of the participant or employment of an additional
arbiter test. Overall, the number of equivocal scores was low for SBCD presence [3% (9/284) for MRE, 6%
(17/284) for US]. In general, when practitioners scored the presence of SBCD as equivocal, it was usually
positive at the consensus reference standard, although this was more mixed in the colon, particularly for
MRE. We performed a sensitivity analysis in which equivocal findings were treated as negative. As would
be expected, sensitivity for SBCD extent fell (from 80% to 75% for MRE and from 70% to 60% for US),
but there remained a statistically significant difference between the two tests. Specificity rose for US
(from 81% to 90%) but was little changed for MRE (96% to 95%). The data suggest that equivocal
findings on US are just that, and that considering them as positive will increase sensitivity at the expense
of a fall in specificity. However, for MRE, considering equivocal findings as positive will increase sensitivity
with apparently little effect on specificity.

We recruited across eight NHS sites. Although all practitioners were representative of those performing
and interpreting US and MRE in clinical practice, as would be expected there was a range of practitioner
experience for one modality or the other. There was also a range of monthly case volumes for each modality
between the sites. Interpretation of MRE and US performance according to recruitment site is complex,
particularly because the study was not powered to detect differences between sites. Most sites report both
a higher sensitivity and a higher specificity for MRE than for US, in keeping with the overall trial results.
However, at one site (Portsmouth), the sensitivity of US was significantly higher than that of MRE. Portsmouth
has the highest volume of US of all the recruitment sites (80 cases per month) and is a known centre of US
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excellence. Conversely, it has the lowest monthly volume of MREs of all recruitment sites. This result would be
compatible with the hypothesis that increased test (in this case US) sensitivity can be achieved in high-volume
sites with specialist expertise. However, some caution must be exercised when interpreting the data.
In particular, of the 48 participants recruited by Portsmouth, only two had no SBCD, meaning that the
estimate of specificity of 0% (95% CI 0% to 66%) is not reliable owing to the small numbers of participants.
Nevertheless, the impact of training and case volume on diagnostic accuracy requires further investigation.

Our protocol had a number of strengths. Ascertaining the true standalone diagnostic accuracy of an
individual imaging test is possible only in the absence of external influences to radiological decision-making.
Interpretation of MRE or US is likely to be influenced by knowledge of clinical parameters and findings of
other imaging tests. We employed a robust blinding protocol so that practitioners interpreting MRE and US
were blinded to the findings of all other tests and clinical information, other than the cohort to which the
participant had been recruited, and surgical history. There is no single test that could be employed as a
standalone reference standard for the presence, extent and activity of CD. Reference standards may also
be applied inconsistently, with endoscopy, surgery and imaging all variably employed. For example, in a
comparative study with US, Castiglione et al.31 used MRE without any additional reference standard in many
recruits. The potential for incorporation bias is self-evident. In such circumstances, the construct reference
standard paradigm (panel diagnosis), which incorporates multiple data sources with clinical outcome, is
recommended. 32 Although such an approach does have limitations, including potential panel bias, it is
considered a very robust methodology for diagnostic accuracy studies where a single external reference
standard is elusive.32 To reduce incorporation bias, participants without supplementary small bowel imaging
underwent a third small bowel investigation whenever discrepancy between MRE and US arose. This was
available to the panel for 48 out of the 53 (91%) participants for whom MRE and US were discrepant for
SBCD presence or location. It is notable that, when our analysis was limited to an ileocolonoscopic reference
standard, any differences in accuracy between MRE and US closely mirrored those differences found using
the consensus panel reference, which is reassuring in terms of our reference standard methodology. Our
statistical analysis was designed to address which is the best test choice for an individual participant. We used
modelling methods (rather than a two-by-two approach) to allow interpretation from the participant-specific
perspective (i.e. for a participant, what would be the average test sensitivity or specificity and average
difference between diagnosis using MRE or US). This uses a bivariate multilevel participant-specific (conditional)
random-effects modelling approach. In this model, a random intercept is fitted per participant so that the
variability is linked within a participant. The allowance for a different intercept per participant reflects that
participants might have a different level of difficulty in diagnosis. In the METRIC trial, all participants
had both tests, so this linkage of difficulty of diagnosis within a participant was appropriate. Using a logistic
regression allows analysis of subgroups using covariates, for example for new diagnosis and suspected
relapse participants. This conserved power compared to using a two-by-two approach, which was
important as the study was not powered to detect effects in the separate subgroups.

There are of course limitations to consider in addition to those limitations already discussed. Although we
employed a multimodality consensus reference standard, including 6 months of participant follow-up,
the robustness or otherwise will in part rely in the actual tests available to the panel, because they all have
limitations. Colonoscopy was available in 186 participants and CapE in 18, together with a mix of other
tests including CTE, BaFT and magnetic resonance enteroclysis. It was not deemed practical to employ an
invasive test, such as CapE or push enteroscopy, in all participants as part of a pragmatic multicentre trial
for reasons of accessibility, cost, participant compliance and risks. To insist on these tests (even if available)
would probably also have introduced spectrum bias due to differences between participants consenting to
them compared with those participants declining. The METRIC trial was conceived as a large pragmatic
trial104 because the literature is replete with small explanatory studies. We recruited from a range of hospital
settings, both teaching and district general, and used local imaging protocols to enhance generalisability.
The 28 practitioners all declared a specialist interest in gastrointestinal radiology and were representative of
those practitioners reporting NHS small bowel imaging in terms of training and experience. We specifically
avoided using a small number of highly experienced practitioners because they would not represent a
national workforce. However, as suggested by our individual site data, specialist practitioners working in

DISCUSSION

NIHR Journals Library www.journalslibrary.nihr.ac.uk

84



high-volume practices may achieve sensitivities in excess of our findings. Imaging was interpreted according
to local clinical practice to mirror ‘real-world’ procedures and enhance generalisability of our results. We
acknowledge that blinding practitioners to individual participant history does not mirror usual clinical
practice, but this precaution was necessary to isolate diagnostic test accuracy as far as possible. Recruited
participants were representative of those participants undergoing MRE and US in daily practice, although we
did exclude pregnant women and participants with contraindications to MRI. Our results are therefore highly
likely to extrapolate across the NHS and similar health-care settings.

As noted previously, recruited participants to both cohorts had an a priori high likelihood of SBCD and the
METRIC trial findings should be interpreted in this context. The utility of the tests in those participants with
non-specific abdominal symptoms to confirm or refute a diagnosis of CD is unknown.

In conclusion, we found that both US and MRE achieve excellent diagnostic accuracy for the extent and
activity of SBCD in both new diagnosis and suspected relapse participants. Both tests are valid first-line
investigations. In a NHS setting, however, the sensitivity and specificity of MRE exceed those of US
significantly.

Diagnostic benefit of oral contrast administration: small intestine
contrast-enhanced ultrasonography

We found that the addition of oral contrast (SICUS) held no diagnostic advantage over conventional US for
the extent of SBCD in our cohort of 64 participants (both tests achieving 71% sensitivity). There was weak
evidence that specificity for colonic CD extent may be improved (from 82% to 92%), but this was not
statistically significant.

Our data are relatively consistent with the previous literature, which has shown relatively small improvements
in US disease detection by the addition of oral contrast. For example, Calabrese et al.41 reported similar
accuracy for SBCD for US and SICUS (96% vs. 100%) in 28 participants, although an additional four sites
of jejunal disease were found by SICUS. Similarly, in a 102-participant study, Parente et al.43 found a small
difference in sensitivity between SICUS and conventional US for disease detection (96.1% vs. 91.4%,
respectively). However, in a study including 57 participants with CD, Pallotta et al.42 did report an increase
in sensitivity with the use of oral contrast (sensitivity for SBCD against a BaFT reference was 98% for SICUS
compared with 87% for conventional US). However, there are more consistent data that SICUS improves the
diagnosis of small bowel strictures. Calabrese et al.41 reported a 27% increase in stricture detection by SICUS
compared with conventional US (67% vs. 94%, respectively) and Parente et al.43 reported that SICUS and
conventional US had sensitivities for stricture detection of 89% and 74%, respectively. In our cohort, there
were 14 small bowel segments with stenosis causing obstruction according to the consensus refence
standard. We found no evidence that SICUS offered any advantage over US; both techniques correctly
identified 9 of the 14 segments. There were fewer false-positive diagnoses of obstructing stenosis on SICUS
than on US (7 vs. 11, respectively). The diagnosis of stricture/stenosis remains somewhat controversial, but
our definition requiring the upstream bowel to be obstructed concurs with recent consensus guidelines.105

As part of our study design we ensured that both conventional US and SICUS were performed by the
same practitioner so as not to introduce reader variability as a cofounder. There is a potential risk of bias
with this approach, as the practitioner was unblinded to their first US interpretation when performing
SICUS. It may have been preferable to randomise the order of conventional US and SICUS, but this was
not practical; the priority was to perform the main METRIC study US and many participants preferred both
examinations on the same day. To aid participant compliance, we allowed the MRE oral contrast to be
used as the distension agent for SICUS, which happened in around two-thirds of recruited participants.
Because of the delay in transferring participants from the MRI scanner to the US suite, it is possible that
some contrast had left the small bowel and filled the colon such that distension was potentially inferior to
that achieved by a dedicated SICUS study. Although our cohort size of 64 is reasonable in the context of
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the existing literature, it is probably too small to detect anything but large differences between US and
SICUS. However, we found essentially identical sensitivity and specificity between the two tests for SBCD
extent.

In summary, we found no evidence that SICUS increases diagnosed accuracy for SBCD extent compared
with conventional US. Stenosis detection was not improved by SICUS but there were few false-positive
diagnoses.

Interobserver variation in the interpretation of enteric ultrasonography
and magnetic resonance enterography

Interobserver variation in US interpretation was tested across seven practitioners from two recruitment
sites. Overall, we found substantial agreement between two reads and the consensus reference standard
for detection of SBCD in both new diagnosis and suspected relapse cohorts. Specifically, both reads agreed
with the consensus reference standard in 9 out of 11 (82%) new diagnosis participants (PABAK 0.64) and
22 out of 27 (81%) suspected relapse participants (PABAK 0.63). In fact, agreement was even higher when
the ‘correctness’ of the diagnosis against the reference standard was put to one side (reads disagreed with
each other for disease presence or absence in only 1 out of 11 and 4 out of 27 new diagnosis and suspected
relapse participants, respectively). Agreement for disease extent against the consensus reference was a little
lower. Out of 152 small bowel segments, both reads disagreed with the reference standard in five segments
and one read disagreed with the reference standard in a further 14. Overall, the two reads agreed on the
presence or absence of disease in 138 out of 152 (91%) small bowel segments. Parente et al.43 report very
good agreement for the location of SBCD between two experienced practitioners (κ = 0.91). Our data are
generally consistent with this finding, although, as noted previously, agreement for disease extent was not as
good as for disease presence alone. Clearly, the need to match segmental location adds to the risk of observer
disagreement.

Agreement for colonic CD presence was fair in the new diagnosis cohort and moderate in the suspected
relapse cohort. As noted in the main METRIC study results (see Chapter 3), US (and MRE) (1) have lower
sensitivity for colonic CD than for SBCD and (2) tend to have higher sensitivity for colonic CD in the
suspected relapse cohort. Overall, our interobserver data reflect this. Again, putting to one side agreement
with the final consensus, reads agreed with each other for colonic CD presence or absence in 10 out of 11
new diagnosis participants and 23 out of 27 suspected relapse participants, identical to that of the small
bowel. To date, there are few data in the literature on agreement for colonic CD using US, but our data
suggest that it is similar to that of the small bowel, although intrinsic sensitivity is lower, particularly in
newly diagnosed individuals. In reality, the vast majority of newly diagnosed patients will undergo
colonoscopy, which clearly remains the best test to detect colonic involvement.

Our data should be viewed with some caution. Owing to difficulties in accommodating the interobserver
study at recruitment sites, only two sites and seven practitioners participated, of whom two preformed the
vast majority of reads. Thus, our data may not be generalisable across a larger number of practitioners and
institutions.

The design of our MRE interobserver study was different from that of the US study in part because MRE data
sets can be collated centrally and interpreted retrospectively, unlike US, which requires real-time hands-on
interpretation. Each MRE data set was read by three observers rather than two and we used a total of 73
data sets with a different mix of new diagnosis and suspected relapse participants. It is therefore difficult to
directly compare across the two studies. However, our analyses of the MRE interobserver study averaged the
data across pairs of reads (similar to the paired reads of the US study), so broad observations can be made.
Overall, we found no evidence that interobserver agreement was better with MRE than US. Agreement for
SBCD presence was fair for the new diagnosis cohort and moderate for the suspected relapse cohort.
Like US, MRE agreement fell when considering disease extent rather than just presence. One potentially
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interesting observation is that, unlike US, MRE agreement tended to be better in disease-negative rather
than disease-positive participants. In the main METRIC study, specificity of US was significantly lower than of
MRE for SBCD extent. The data therefore suggest that the risk of false-positive diagnosis might be higher
with US than with MRE. The level of reader agreement we report is similar to that of Jensen et al.,47 who
also reported moderate agreement for the presence or absence of SBCD across four readers interpreting
50 MRE data sets (κ = 0.48, 54% agreement). All our readers were reporting MRE in clinical practice and
most took part in the main METRIC study and are therefore representative of those individuals interpreting
MRE in the NHS. There is, however, good evidence of a learning curve in MRE interpretation,106,107 so
experience is important, as for any imaging technique.

In conclusion, we found interobserver agreement broadly similar between US and MRE, ranging from fair
to substantial for SBCD presence. In general, agreement for both modalities was a little better in the small
bowel than in the colon.

Influence of sequence selection on magnetic resonance enterography
diagnostic accuracy

Consensus guidelines currently recommend multisequence MRE protocols including T1-weighted sequences
acquired after administration of intravenous gadolinium contrast.52 The evidence in support of such complex
protocols, however, is relatively sparse and most guidelines are mainly based on expert opinion.52 Such
protocols typically take 30–40 minutes to acquire, which is relatively time-consuming for a limited resource
such as MRI. In addition, in recent years there have been increasing concerns about routine use of intravenous
gadolinium injections with potentially detrimental long-term retention in the brain.55 To date, most research
into MRI sequence protocol optimisation has investigated replacing post-intravenous contrast sequences with
diffusion-weighted imaging.58

Using a locked sequential-read study design, we investigated the impact of three sequence combinations
on reader accuracy for SBCD extent (T2-weighted and steady-state free precession gradient echo images
alone, T2-weighted and steady-state free precession gradient echo images with diffusion-weighted images
and, finally, T2-weighted and steady-state free precession gradient echo images, diffusion-weighted
images and contrast-enhanced images combined). In keeping with several studies in the literature,58,59

we found that there was no diagnostic benefit to adding contrast-enhanced sequences to a combination
of T2-weighted and steady-state free precession gradient echo images and diffusion-weighted images.
However, we in fact found that adding diffusion-weighed imaging offered no advantage over simple
T2-weighted and steady-state free precession gradient echo images alone. Perhaps more surprisingly,
sensitivity was significantly lower when readers used the full combination of all sequences (including
diffusion-weighted and contrast-enhanced sequences) than when they just interpreted T2-weighted and
steady-state free precession gradient echo images on their own. To our knowledge, such an observation
has not been made in the literature. In a study of 59 participants, Maccioni et al.108 directly compared
T2-weighted images with post-contrast T1-weighted images and found them to be almost identical in terms
of disease detection (95% vs. 93%, respectively), although T2-weighted images had higher sensitivity for
stenosis. However, the authors only reported the effect of combining sequences on detection of extra-
intestinal complications and not disease identification. Similarly, Low et al.109 compared post-contrast
T1-weighted sequences alone with T2-weighted images alone in 28 participants and reported that post-
contrast T1-weighted images had a higher per-participant sensitivity (100% vs. 60%). Our finding that a
combination of all sequences decreases sensitivity (and specificity) for SBCD extent is therefore of great
interest. The data suggest that contrast-enhanced sequences are in some way misleading readers such that
in some participants they change a correct diagnosis to an incorrect one. When sensitivity drops, we can
speculate that, although readers may suspect disease on T2-weighted images, for example, a lack of avid
contrast enhancement may falsely reassure them that there is no disease. Conversely, apparently increased
enhancement in the bowel wall could suggest to radiologists that there is disease present when there is
not (pseudo enhancement of normal bowel is well described, for example in areas of collapse and in the
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jejunum).35 There was weak evidence that diffusion-weighted imaging could have a similar effect, although
this was not statistically significantly inferior to T2-weighted and steady-state free precession gradient
echo images. It is possible that the combination of diffusion-weighted imaging and contrast-enhanced
T1-weighted imaging in combination are synergetic in misleading radiologists. For example, both can be
abnormal in lymphoid hyperplasia, which is often a normal finding.110 We did not test the combination
of T2-weighted and steady-state free precession gradient echo images and T1-weighted images without
diffusion to fully address this possibility.

In a second part of the study, radiologists interpreting the main METRIC study MRE noted if and how
diffusion-weighed and contrast-enhanced images changed their diagnosis and/or diagnostic confidence.
Overall, radiologists changed their diagnosis in a minority of participants (6% for diffusion-weighted
images and 5% for contrast-enhanced sequences), although diagnostic confidence was increased in 64%
(diffusion-weighted images) and 70% (contrast-enhanced sequences) of cases. These data support the
concept that diffusion-weighted and contrast-enhanced sequences are not viewed as essential by
radiologists in the majority of MRE examinations.

In summary, addition of diffusion-weighted images and contrast-enhanced sequences do not improve
diagnostic accuracy for SBCD extent compared with a combination of T2-weighted and steady-state free
precession gradient echo images alone. Indeed, multisequence protocols may be detrimental to diagnostic
accuracy. Radiologists state that these sequences change their diagnosis in a minority of participants.

Magnetic resonance enterography and ultrasonography to
diagnose Crohn’s disease: participant acceptability, perceived burden
and preferences

To date, a detailed evaluation of participant experience during MRE and US is lacking in the literature.
Using a multifaceted questionnaire completed by 159 participants recruited to the METRIC trial, we found
that in general both MRE and US are reasonably well tolerated by participants and attract relatively low
burden scores and the majority of participants are willing to undergo either test again. However, on nearly
every measure, MRE was rated less favourably than US. This is perhaps not unexpected given the attributes
of the two tests. US requires little participant preparation and is performed without the need to enter a
scanner, often at rest, while the participant breathes normally. Conversely, MRE requires prior participant
preparation with an oral contrast load, after which the participant must lie flat in a relatively enclosed MRI
scanner and undertake frequent breath holds as the images are acquired. Participants rated the drink
before MRE as the worst part of the examination, together with symptoms produced such as abdominal
pain (see Chapter 8). A large number of participants found US ‘fine’, with no worst part, although, for
those participants listing a worst part, abdominal compression was the most frequently stated. In terms
of recovery, 18% of participants took > 1 day after MRE, compared with just 2% after US. Using a similar
burden questionnaire to the METRIC study, Evans et al.66 reported that a 1-hour whole-body MRI for
cancer staging actually attracted lower burden scores than we found for MRE (a score of 2.21 vs. 2.72).
Although comparison should be made with caution given the different participant demographics, the data
do again suggest that the oral contrast drink is more of a burden to participants then the MRI scan itself.

However, although MRE was less well tolerated than US and preferred by a minority of participants,
88% still rated it as very or fairly acceptable and 91% were willing to undergo it again. Another important
finding was that participants value many other test attributes over scan burden. Notably, diagnostic
accuracy was rated as the most important, followed by waiting time to diagnosis/treatment and number
of tests needed prior to final diagnosis. Being able to receive the result immediately after the test was also
rated important. In general, negative physical test attributes, such as requirement to drink fluid, test
discomfort and fasting, were rated as less important, and generally between ‘a little bit important’ and
‘moderately important’. We did not specifically indicate to participants the relative diagnostic accuracy
of MRE and US (because the main outcome of the METRIC trial was unknown at the time) but presumed
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that most considered them largely equivalent. Our findings mirror those of other diagnostic tests, such as
CT colonography, where, again, participants rate diagnostic accuracy as more important than test
discomfort.111

This study does have limitations. Our response rate was just under 50%, which is perhaps understandable
given the length and complexity of the questionnaire, and consistent with that reported in other similar
questionnaire studies.66 Non-responders tended to be younger than responders. By definition, participants
had ‘opted in’ to a trial of MRE and US, so may not be representative of the general participant population;
it would be interesting to sample the view of participants who declined to take part in the METRIC trial to
ascertain if their views are similar to those participants who took part.

In summary, both MRE and US are generally well tolerated by participants. However, participant burden
and recovery are significantly inferior for MRE than for US. Although a majority of participants would opt
to undergo US rather than MRE, participants rate other scan attributes, notably diagnostic accuracy, as
more important than test discomfort.

Influence of oral contrast agent and ingested volume on small
bowel distension and participant experience during magnetic
resonance enterography

Small bowel distension with an oral contrast agent improves accuracy of MRE compared with a non-prepared
examination.67 Many different oral contrast agents are described in the literature,68,69,112,113 with no single
preferred or recommended agent,52 although there is evidence that distension quality is related to the
osmolarity of the ingested agent.70

In the METRIC study, recruitment sites used either mannitol (alone or with various additives) or polyethylene
glycol. Using a previously published distension quality grading system,71 we found no strong evidence that
distension quality was any different between the two agents. Excellent- or good-quality distension was
achieved in 65% and 43% of ileal and terminal ileal segments, respectively, with mannitol-based agents,
compared with 63% and 39%, respectively, with polyethylene glycol. As expected, jejunal distension was
inferior to that of the ileum using enterography protocols (where oral contrast agents are ingested as
opposed to infused via nasojejunal tubes); excellent or good distension was achieved in 27% and 16%
of jejunal segments with mannitol solutions and polyethylene glycol, respectively. There was moderate
distension of the right colon with both agents. We did not assess distension in the left colon, but previous
work has shown that detection of colonic CD is improved after colonic distension with a water enema
compared with unprepared colon.114,115 As noted in the main METRIC study results, diagnostic performance
of MRE was inferior in the colon compared with in the small bowel.

A second consideration as to the choice of optimal oral contrast agent prior to MRE is the participant
symptom profile. Chapter 7 shows that participants rate ingesting oral contrast agents prior to MRE as
the worst part of the examination, with 18% taking > 1 day to recover. We collated feelings of fullness,
regurgitation, vomiting, abdominal pain and diarrhoea in a subset of participants at the time of their MRE
examinations. Overall, the vast majority of participants found these symptoms either very tolerable or
moderately tolerable, with a minority describing them as ‘not tolerable’. However, there were differences
in tolerability between the various symptoms. Regurgitation and vomiting were rarely problematic, but
feeling of fullness, abdominal pain and to a lesser extent diarrhoea were less well tolerated. We found no
evidence that either mannitol-based agents or polyethylene glycol was better tolerated than the other.
For example, 59% of participants rated abdominal pain as moderately tolerable after mannitol-based oral
contrast compared with 63% after polyethylene glycol. Although proportionally more participants reported
abdominal pain after ingesting mannitol (63% rating it as moderately tolerable compared with 47% of
participants who rated polyethylene glycol as moderately tolerable), this was not a statistically significant
difference. There is relatively little in the literature comparing the symptom profiles between oral contrast
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agents in participant groups. Most work has been performed in small volunteer studies. For example, in a
small study of 12 volunteers, Ajaj et al.113 suggested that sorbitol produces less symptoms than mannitol.

We also found little evidence that the volume of oral contrast agent ingested influenced tolerability, and
50 out of 66 participants managed to ingest > 1 l. The only symptom that was statistically more severe in
the group ingesting > 1 l of oral contrast agent was diarrhoea, rated as very tolerable by 79% of those
participants ingesting < 1 l compared with 47% of those participants ingesting > 1 l. This is perhaps
expected given that most of the oral contrast agent is not absorbed by the gut such that larger ingested
volumes would be expected to result in increased diarrhoea. Again, there is relatively little in the literature
documenting participants’ symptoms according to volume of contrast ingested, and most data are derived
from volunteer studies. In a study of 10 volunteers, Ajaj et al.116 reported that although a volume of 1 l
was preferred over 1.5 l, there was no difference in the side-effect profile of the different volumes. Kuehle
et al.,117 in a study of six volunteers, reported a greater symptom burden (notably abdominal pain) with
ingested volumes of 1800 ml than with small volumes. In clinical practice, however, ingested volumes prior
to MRE rarely exceed 1500 ml.

Our study has limitations. Because METRIC trial sites implemented their local MRE protocol as part of the
main study, only two types of oral contrast agents were available for comparison and, even then, numbers
in the polyethylene glycol group were small such that we would have been able to detect only large
differences in distension quality and side-effect profiles. Similarly, the majority of participants were able to
ingest > 1 l of contrast, with only a minority ingesting less. All sites provided > 1.5 l of oral contrast and
encouraged participants to ingest as much as they could. Ultimately, however, the volume ingested differs
between participants according to their individual tolerance. We cannot be sure if participants drinking < 1 l
had a lower tolerance of symptoms than those participants drinking > 1 l, or if in fact the oral contrast
volume does not affect symptoms other than diarrhoea.

In summary, as oral contrast agents prior to MRE, mannitol-based solutions and polyethylene glycol give
comparable distension quality and produced similar side-effect profiles. Participants ingesting > 1 l of oral
contrast agent tend to experience only more diarrhoea than those participants ingesting less.

Diagnostic impact

Overall, we found no major difference between MRE and US on therapeutic decision-making. Both tests
agreed with a final therapeutic decision based on all tests in > 75% of cases. To date and to the best of
our knowledge, there has been no previous study comparing the impact of MRE and US on participant
management, but in general our data concur with the previous literature, which shows that both MRE and
US have positive effects on participant management. As noted in Chapter 9, previous research has shown
that both MRE and US change participant management in a large proportion of participants.72–74,76,77

We deliberately enriched our cohort with participants in whom MRE and US were discrepant for SBCD extent,
but, even by ‘stressing’ the clinicians with discordant imaging results, we found no clear differences between
the impact of the two tests. It should be acknowledged that our trial design was ‘artificial’ in that clinicians
were provided with clinical and endoscopic data in the form of an electronic summary. They were also unable
to review the MRE and US images, although this better reflects clinical practice where radiological reports
form the mainstay of outpatient management. The management of CD, however, is complex, with a range
of therapeutic options, and clinician decision-making is based not only on disease presence and activity
but also on severity of participant symptoms, medical history and participant choice. It is possible that by
employing this methodology we were unable to detect more-subtle differences in patient management than
would been apparent had we for example tested the impact of the imaging live in a MDT or outpatient clinic.
Our initial intention was to make use of a ‘mini MDT’, involving a gastroenterologist and radiologist testing
the impact of imaging live and face to face, with full access to the patient electronic record, endoscopy and
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imaging. This was attempted at one recruitment site but proved to be very time-consuming and impracticable
to implement across all sites.

There is a perception that clinicians find MRE images more intuitive to interpret given their familiarity with
cross-sectional imaging. Of course, this is not necessarily the case for gastroenterologists trained in US. In
any event, our data suggest that, at least in the context of this study design, clinicians believed or ‘trusted’
US and MRE results to the same extent and did not favour one over the other.

This study does have limitations. The restrictions of using an electronic format are noted in the paragraphs
above. For ease of data analysis, we grouped treatment decisions into five groups. The majority of outcomes
were in decision group 3 (medication change or addition), which included several different therapeutic
options. Although our a priori analysis plan was designed to highlight major differences in treatment plans
based on the two tests, a more granular analysis of category 3 decisions may have been informative.

In conclusion, we found no significant difference in the impact of MRE and US on clinician therapeutic
decision-making based on our prespecified grouping of treatment plans.

Cost–utility analysis of magnetic resonance enterography versus
ultrasonography for small bowel Crohn’s disease

Our economic analysis using the METRIC trial data to evaluate the cost-effectiveness of MRE compared
with US for imaging the small bowel showed that both options had similar costs and QALYs: for both new
diagnosis and suspected relapse participants, the incremental costs of MRE versus US per participant were
positive but quantitively small, with wide CIs, and therefore not significantly different from zero; the QALY
differences between MRE and US were quantitively negligible and also not significantly different from
zero. Together, these translated into small incremental negative NMBs for MRE versus US that were not
significantly different from zero. Although the negative INMBs for MRE versus US indicate a trend towards
US over MRE, we conclude, given the small non-significant differences in costs and QALYs between the
two options, that it is not possible to recommend US or MRE on cost-effectiveness grounds. There were a
range of assumptions underpinning our analyses, and the main findings were also borne out in sensitivity
analyses. The findings indicate that there is no reason to prefer MRE or US on the basis of differences in
HRQoL or on economic grounds; other factors should be taken into account when deciding which option
to use for imaging in SBCD, for example diagnostic accuracy, availability of and access to different imaging
modalities, and patient preferences.

There are two main limitations of the economics analysis, which should be considered when viewing the
findings. The first is that treatment of participants recruited to the METRIC trial was based on all available
clinical, endoscopic and imaging information. In particular, for ethics reasons, the findings of both MRE and
US reports were made available to treating clinicians as part of the trial protocol. This led to difficulties in
determining the costs and benefits of MRE and US when they were discrepant as we did not collate data
on ‘clean’ therapeutic decisions based on MRE or US alone. The therapeutic impact of MRE and US were
modelled (see Chapter 9) but, given the smaller number of participants in this study and the variability in
treatment practices between individual gastroenterologists, we felt it to be more appropriate to use the
diagnostic outcomes as the basis for the economic analysis. We explored the impact of assumptions in our
sensitivity analyses and the findings did not change appreciably. The second main limitation is that data
were collected at the treatment stage for 6 months only; the time horizon for the economic analysis was
12 months and simple extrapolation methods were used. We evaluated the sensitivity of the findings to
alternative assumptions about costs and QALYs at the treatment stage, and ran analyses using a 6-month
time horizon only, and the overall conclusions did not change.
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Overall conclusions

l When tested in a prospective multicentre trial setting, both MRE and US have good accuracy for
detecting the presence and extent of SBCD in newly diagnosed participants and in those participants
with established disease and suspected relapse. However, in this setting, sensitivity and specificity of
MRE for SBCD extent, presence and activity is significantly greater than for US.

l Modelled diagnostic impact is similar between MRE and US.
l There are no significant differences between MRE and US in terms of costs and QALYs and overall

cost-effectiveness.
l The addition of oral contrast prior to US (SICUS) does not improve the accuracy for SBCD extent or

stenosis detection in comparison with conventional US.
l Both MRE and US are deemed acceptable by the majority of participants, although US induces less

participant burden and is generally preferred over MRE. However, participants rank diagnostic accuracy
as more important than test burden, so choice of test should involve a dialogue between clinicians and
participants, considering the full range of test attributes.

l There was variable agreement between radiologists in interpretation of both MRE and US, particularly
for disease extent.

l We found no evidence that one oral contrast agent is better than another in achieving good bowel
distension during MRE or in reducing patient symptom load.

l Addition of diffusion-weighted imaging holds no diagnostic advantage over simple MRE protocols
based only on T2-weighted and steady-state free precession gradient echo images. Addition of
diffusion-weighted imaging and post-contrast images may actually be detrimental to sensitivity for
SBCD extent, which should be considered when designing MRE protocols.

Implications for practice

In a NHS setting, MRE has significantly higher sensitivity and specificity than US for the presence and
extent of SBCD, although both tests are valid first-line investigations. US performs better than MRE for
detection of colonic CD in those participants newly diagnosed but both tests are less accurate than
colonoscopy in the large bowel.

Both MRE and US are deemed acceptable by the majority of participants, although US induces less
participant burden and is generally preferred. However, participants rank diagnostic accuracy as more
important than test burden. The choice of small bowel imaging should involve dialogue between participants,
clinicians and radiologists. Both tests show variable agreement in interpretation between practitioners,
particularly for disease extent, which should be considered part of implementation. We found no evidence
that one oral contrast agent is better than another in achieving good bowel distension during MRE or
reducing participant symptom load. We also found no evidence that SICUS increases diagnostic accuracy
for SBCD extent compared with conventional US. Addition of diffusion-weighted imaging does not improve
the accuracy of MRE protocols based only on T2-weighted and steady-state free precession gradient echo
images, and post-contrast images may be detrimental to sensitivity, which requires further investigation.
Modelled diagnostic impact on clinician therapeutic strategy was similar between MRE and US. There is no
reason to prefer MRE or US on economic grounds.

Recommendations for future research

l The role of US in targeted follow-up of CD patients with an established disease phenotype as an
alternative to MRE. The METRIC trial blinded practitioners to clinical history and prior disease
phenotype. US is well tolerated by patients and in those patients with an established and stable disease
phenotype may be an effective tool in monitoring patient status.
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l The utility of MRE and US in treatment response assessment and prediction of response. Treatment
decisions in CD are dependent on the presence of active disease. Both imaging tests have potential as
powerful non-invasive tools to monitor the efficacy or otherwise of medical therapy.

l The most clinically effective and cost-effective cross-sectional imaging investigation in patients with
non-specific abdominal symptoms to confirm or refute diagnosis of CD. Many patients present with
non-specific gastrointestinal symptoms and, although pre-test probability of CD is low, still undergo
investigation, often with cross-sectional imaging. Diagnostic pathways are not yet defined.

l The impact of dedicated training programs and clinical case volumes on practitioner accuracy. The METRIC
trial found moderate interobserver agreement for both tests and some variability in test performance
between recruitment sites. The training requirements and scan volumes required to achieve and maintain
practitioner competency for both tests is relatively unknown.
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Patient data

This work uses data provided by patients and collected by the NHS as part of their care and support.
Using patient data is vital to improve health and care for everyone. There is huge potential to make better
use of information from people’s patient records, to understand more about disease, develop new
treatments, monitor safety, and plan NHS services. Patient data should be kept safe and secure, to protect
everyone’s privacy, and it’s important that there are safeguards to make sure that it is stored and used
responsibly. Everyone should be able to find out about how patient data are used. #datasaveslives You
can find out more about the background to this citation here: https://understandingpatientdata.org.uk/
data-citation.
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Appendix 1 Magnetic resonance enterography
sequence protocol

TABLE 40 Magnetic resonance enterography sequence protocol

Minimum Optional

Coronal steady-state free precession gradient echo sequences
without fat saturation

Axial steady-state free precession gradient echo
sequences without fat saturation

Hyoscine butylbromide (20 mg intravenously) Axial fast spin-echo T2-weighted sequence with fat
saturation

Axial and coronal fast spin-echo T2-weighted sequences
without fat saturation

Axial contrast-enhanced coronal T1-weighted sequences
with fat saturation (60–70 seconds post injection)

Coronal fast spin-echo T2-weighted sequence with fat
saturation

Coronal steady-state free precession gradient echo
dynamic motility sequences

Axial diffusion-weighted images (b-values 50 and 600)

Non-enhanced coronal T1-weighted sequence with fat
saturation followed by contrast-enhanced coronal T1-weighted
sequences with fat saturation (60–70 seconds post injection)
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Appendix 2 Magnetic resonance enterography
oral contrast agent by recruitment site

TABLE 41 Magnetic resonance enterography oral contrast agent by recruitment site

Recruitment site Oral preparation

UCLH, London 2.5% mannitol

St Mark’s Hospital, Harrow 2% mannitol and 2 scoops of carob gum

Royal Free Hospital, London 2.5% mannitol

Queen Alexandra Hospital, Portsmouth 69 g of polyethylene glycol (3350/l)

Leeds General Infirmary, Leeds 2.5% mannitol

Ninewells Hospital, Dundee 2.0% mannitol and 0.2% locust bean gum

John Radcliffe Hospital, Oxford 69 g of polyethylene glycol (3350/l)

St George’s Hospital, London 2.5% mannitol
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Appendix 3 Summary of study outcomes by
disease site and cohort

TABLE 42 Summary of study outcomes by disease site and cohort

Diagnostic end points SBCD only SBCD and colonic CD Colonic CD only

Identification and
localisation of disease
(active or inactive)

Primary outcome (difference
in sensitivity only, per
participant)

l Subgroup new diagnosis
and suspected relapse
participants

Secondary outcome 1
(difference in specificity,
per participant)

l Subgroup new diagnosis
and suspected relapse
participants

Secondary outcome 1
additional analyses

l Subgroup new diagnosis
and suspected relapse
participants

Identification of active
disease

Secondary outcome 2

1. Per participant

2. Per terminal ileum
segment

l Subgroup new diagnosis
and suspected relapse
participants

Secondary outcome 2

3. (a) Per participant and
(b) Per colonic segment

l Subgroup new diagnosis
and suspected relapse
participants

Identification of disease
(active or inactive)

Secondary outcome 3
subgroup

1. Per participant

2. Per terminal ileum
segment

l Subgroup new diagnosis
and suspected relapse
participants

Secondary outcome 3

1. Per participant

2. Per terminal ileum
segment

l Subgroup new diagnosis
and suspected relapse
participants

Secondary outcome 3

3. Per segment in
colonoscopic reference
only group

l Subgroup new diagnosis
and suspected relapse
participants
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Appendix 4 Definition of agreement with

TABLE 43 Definition of agreement with reference standard for disease extent

Primary outcome: test accuracy
for disease extent (correct
identification and localisation)

Correct identification of disease
presence Test accurate for disease extent?

Yes (TP) Yes: disease correctly identified Yes: all segments identified

No (FN) Yes: disease correctly identified No: one or more segments missed

No (FN) Yes: disease correctly identified No: incorrect segment(s) identified

No (FN) No: no disease identified when present No: no disease identified when present

Yes (TN) Yes: correctly identified no disease
present

Yes: correctly identified no disease
present

No (FP) No: disease in index, not in reference No: disease in index, not in reference

FN, false negative; FP, false positive; TN, true negative; TP, true positive.
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Appendix 5 Recruitment sites and recruitment
numbers and withdrawals per site
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TABLE 44 Recruitment sites, recruitment numbers and withdrawals per site

Recruitment site

Total participants, n (%)

Screened

Recruited

Withdrawn

Included

New diagnosis Suspected relapse Both cohorts New diagnosis Suspected relapse Both cohorts

UCLH, London 177 66 (39) 69 (41) 135 (40) 19 (36) 52 (39) 64 (42) 116 (41)

St Mark’s Hospital, Harrow 78 8 (5) 16 (10) 24 (7) 4 (8) 5 (4) 15 (10) 20 (6)

Royal Free Hospital, London 7 1 (0) 2 (1) 3 (1) 1 (2) 1 (1) 1 (1) 2 (1)

Queen Alexandra Hospital, Portsmouth 66 32 (19) 27 (16) 59 (18) 9 (18) 28 (20) 22 (15) 50 (18)

Leeds General Infirmary, Leeds 69 29 (17) 22 (13) 51 (15) 4 (8) 27 (20) 20 (13) 47 (17)

Ninewells Hospital, Dundee 71 11 (6) 15 (9) 26 (8) 3 (6) 9 (7) 14 (9) 23 (7)

John Radcliffe Hospital, Oxford 39 15 (9) 11 (7) 26 (8) 7 (14) 9 (7) 10 (7) 19 (7)

St George’s Hospital, London 11 6 (4) 5 (3) 11 (3) 4 (8) 2 (2) 5 (3) 7 (3)

Total 518 168 167 335 51 133 151 284

Reproduced from Taylor et al.40 This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to
distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Appendix 6 Presenting symptoms of the final
study cohort

TABLE 45 Presenting symptoms of the final study cohort

Presenting symptoma

Cohort, n (%)

New diagnosis Suspected relapse

Diarrhoea

No blood 75 (56) 81 (54)

Blood 39 (29) 20 (13)

Weight loss 58 (44) 53 (35)

Abdominal pain 106 (80) 119 (79)

Perianal sepsis 11 (8) 9 (6)

Obstructive symptoms 22 (17) 47 (31)

Cutaneous fistulation 0 (0) 10 (7)

Fever 15 (11) 12 (8)

Nocturnal symptoms 19 (14) 29 (19)

Uveitis 6 (5) 9 (6)

Erythema nodosum 4 (3) 6 (4)

Arthropathy 11 (8) 25 (17)

Mouth ulcers 17 (13) 15 (10)

Other 49 (37) 40 (26)

a Participants often presented with more than one symptom or sign.
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Appendix 7 Presence and activity of small bowel
and colonic Crohn’s disease according to individual
bowel segments

TABLE 46 Presence and activity of SBCD and colonic CD according to individual bowel segments

Bowel segment

Cohort, n (%)

New diagnosis Suspected relapse

Terminal ileum

Present 108 (81) 109 (72)

Active 102 (94) 94 (86)

Ileum

Present 17 (13) 21 (14)

Active 16 (94) 16 (76)

Jejunum

Present 7 (5) 6 (4)

Active 7 (100) 6 (100)

Duodenum

Present 7 (5) 1 (1)

Active 7 (100) 1 (100)

Caecum

Present 51 (38) 27 (18)

Active 48 (94) 25 (93)

Ascending colon

Present 42 (32) 25 (17)

Active 41 (98) 24 (96)

Transverse colon

Present 41 (31) 20 (13)

Active 39 (95) 19 (95)

Descending colon

Present 35 (26) 24 (16)

Active 34 (97) 23 (96)

Sigmoid colon

Present 47 (35) 29 (19)

Active 47 (100) 27 (93)

Rectum

Present 35 (26) 19 (13)

Active 34 (97) 18 (95)
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Appendix 8 Quality of segmental visualisation on
magnetic resonance enterography and ultrasonography
according to the participant cohort

TABLE 47 Quality of segmental visualisation on MRE and US (new diagnosis cohort)

Segment

Scan quality, n (%)

MRE (N= 133) US (N= 133)

Good Moderate Poor NA/exciseda Good Moderate Poor NA/exciseda

Duodenum 45 (34) 73 (55) 15 (11) 0 (0) 41 (31) 67 (50) 23 (17) 2 (2)

Jejunum 58 (44) 59 (44) 16 (12) 0 (0) 84 (63) 42 (32) 7 (5) 0 (0)

Ileum 109 (82) 21 (16) 3 (2) 0 (0) 100 (75) 24 (18) 9 (7) 0 (0)

Terminal ileum 107 (80) 21 (16) 5 (4) 0 (0) 106 (80) 20 (15) 7 (5) 0 (0)

Caecum 79 (59) 37 (28) 15 (11) 2 (2) 91 (68) 35 (26) 6 (5) 1 (1)

Ascending colon 77 (58) 41 (31) 15 (11) 0 (0) 96 (72) 33 (25) 4 (3) 0 (0)

Transverse colon 65 (49) 40 (30) 27 (20) 1 (1) 89 (67) 40 (30) 4 (3) 0 (0)

Descending colon 58 (44) 43 (32) 31 (23) 1 (1) 92 (69) 33 (25) 8 (6) 0 (0)

Sigmoid colon 47 (35) 52 (39) 33 (25) 1 (1) 55 (41) 59 (44) 19 (14) 0 (0)

Rectum 43 (32) 49 (37) 40 (30) 1 (1) 11 (8) 47 (35) 74 (56) 1 (1)

NA, not applicable.
a There was some inconsistency in how resected segments were scored among practitioners.
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TABLE 48 Quality of segmental visualisation on MRE and US (suspected relapse cohort)

Segment

Scan quality, n (%)

MRE US

Number of
segments scored Good Moderate Poor NA/exciseda

Number of
segments scored Good Moderate Poor NA/exciseda

Duodenum 151 58 (38) 75 (50) 18 (12) 0 (0) 151 32 (21) 90 (60) 27 (18) 2 (1)

Jejunum 151 73 (48) 55 (36) 23 (15) 0 (0) 151 79 (52) 62 (41) 8 (5) 2 (1)

Ileum 151 122 (81) 26 (17) 3 (2) 0 (0) 151 101 (67) 43 (28) 6 (4) 1 (1)

Terminal ileum 151 108 (72) 18 (12) 9 (6) 16 (10) 151 100 (66) 18 (12) 12 (8) 21 (14)

Caecum 92 62 (67) 28 (30) 2 (2) 0 (0) 92 61 (67) 18 (20) 5 (5) 8 (9)

Ascending colon 134 84 (63) 45 (34) 4 (3) 1 (1) 134 94 (70) 27 (20) 9 (7) 4 (3)

Transverse colon 146 78 (53) 55 (38) 12 (8) 1 (1) 146 81 (55) 55 (38) 8 (5) 2 (1)

Descending colon 147 68 (46) 58 (39) 20 (14) 1 (1) 147 92 (63) 46 (31) 7 (5) 2 (1)

Sigmoid colon 146 63 (43) 59 (40) 23 (16) 1 (1) 146 69 (47) 61 (42) 16 (11) 0 (0)

Rectum 149 57 (38) 63 (42) 27 (18) 2 (1) 149 14 (9) 62 (42) 68 (46) 5 (3)

NA, not applicable.
a There was some inconsistency in how resected segments were scored among practitioners.
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Appendix 9 Imaging and endoscopic data
available to the consensus panel in participants with
discrepancy for small bowel disease presence or
location between magnetic resonance enterography
and ultrasonography

TABLE 49 Imaging and endoscopic data available to the consensus panel in participants with discrepancy for SBCD
presence or location between MRE and US

Test

Cohort, n (%)

New diagnosis (N= 24) Suspected relapse (N= 29)

MRE (repeated) 1 (4) 3 (10)

US (repeated) 0 (0) 1 (3)

Colonoscopy 24 (100) 13 (45)

Gastroscopy 2 (8) 1 (3)

Sigmoidoscopy 2 (8) 2 (7)

CapE 3 (13) 2 (7)

CTE 0 (0) 1 (3)

CT abdomen and/or pelvis 2 (8) 1 (3)

MR enteroclysis 0 (0) 1 (3)

MRI abdomen and/or pelvis 0 (0) 2 (7)

BaFT 4 (17) 9 (31)

Barium enteroclysis 0 (0) 1 (3)

Hydrosonography 7 (29) 6 (21)

White cell scan 0 (0) 0 (0)

Other 3 (13) 7 (24)

No third test performed 2 (8) 3 (10)
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Appendix 10 Raw data for the primary outcome
and selected secondary outcomes

TABLE 50 Raw data for the primary outcome and selected secondary outcomes

Trial outcome
Outcome
description Test

Participant
group

n

TP FN FP TN DP DN Total

Primary outcome:
SBCD extent

SBCD extent MRE All 171 62 5 46 233 51 284

US All 152 81 13 38 233 51 284

MRE New diagnosis 79 32 1 21 111 22 133

US New diagnosis 69 42 4 18 111 22 133

MRE Suspected
relapse

92 30 4 25 122 29 151

US Suspected
relapse

83 39 9 20 122 29 151

Secondary outcome
1: disease extent

SBCD and colonic CD
extent

MRE All 125 145 4 10 270 14 284

US All 96 174 6 8 270 14 284

MRE New diagnosis 51 82 0 0 133 0 133

US New diagnosis 37 96 0 0 133 0 133

MRE Suspected
relapse

74 63 4 10 137 14 151

US Suspected
relapse

59 78 6 8 137 14 151

Colonic CD extent MRE All 35 94 17 138 129 155 284

US All 29 100 17 138 129 155 284

MRE New diagnosis 17 60 6 50 77 56 133

US New diagnosis 10 67 7 49 77 56 133

MRE Suspected
relapse

18 34 11 88 52 99 151

US Suspected
relapse

19 33 10 89 52 99 151

Secondary outcome
2: active disease

SBCD active disease MRE All 187 22 20 55 209 75 284

US All 167 42 24 51 209 75 284

MRE New diagnosis 93 11 6 23 104 29 133

US New diagnosis 83 21 8 21 104 29 133

MRE Suspected
relapse

94 11 14 32 105 46 151

US Suspected
relapse

84 21 16 30 105 46 151

continued
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TABLE 50 Raw data for the primary outcome and selected secondary outcomes (continued )

Trial outcome
Outcome
description Test

Participant
group

n

TP FN FP TN DP DN Total

TI active segment
colonoscopy

MRE All 85 15 45 41 100 86 186

US All 70 30 48 38 100 86 186

MRE New diagnosis 61 8 26 28 69 54 123

US New diagnosis 50 19 30 24 69 54 123

MRE Suspected
relapse

24 7 19 13 31 32 63

US Suspected
relapse

20 11 18 14 31 32 63

Colonic CD active
disease

MRE All 73 53 18 140 126 158 284

US All 75 51 13 145 126 158 284

MRE New diagnosis 37 39 6 51 76 57 133

US New diagnosis 40 36 5 52 76 57 133

MRE Suspected
relapse

36 14 12 89 50 101 151

US Suspected
relapse

35 15 8 93 50 101 151

Secondary outcome
3: disease presence

SBCD presence per
participant

MRE All 210 23 5 46 233 51 284

US All 193 40 13 38 233 51 284

MRE New diagnosis 99 12 1 21 111 22 133

US New diagnosis 92 19 4 18 111 22 133

MRE Suspected
relapse

111 11 4 25 122 29 151

US Suspected
relapse

101 21 9 20 122 29 151

TI segment disease
presence consensus

MRE All 191 26 6 61 217 67 284

US All 177 40 11 56 217 67 284

MRE New diagnosis 95 13 2 23 108 25 133

US New diagnosis 89 19 4 21 108 25 133

MRE Suspected
relapse

96 13 4 38 109 42 151

US Suspected
relapse

88 21 7 35 109 42 151

SBCD and colonic CD
presence

MRE All 188 82 4 10 270 14 284

US All 174 96 6 8 270 14 284

MRE New diagnosis 80 53 0 0 133 0 133

US New diagnosis 81 52 0 0 133 0 133

MRE Suspected
relapse

108 29 4 10 137 14 151

US Suspected
relapse

93 44 6 8 137 14 151
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TABLE 50 Raw data for the primary outcome and selected secondary outcomes (continued )

Trial outcome
Outcome
description Test

Participant
group

n

TP FN FP TN DP DN Total

TI segment disease
presence colonoscopy

MRE All 89 16 44 37 105 81 186

US All 79 26 47 34 105 81 186

MRE New diagnosis 62 9 26 26 71 52 123

US New diagnosis 56 15 28 24 71 52 123

MRE Suspected
relapse

27 7 18 11 34 29 63

US Suspected
relapse

23 11 19 10 34 29 63

Colonic CD presence MRE All 76 53 17 138 129 155 284

US All 84 45 17 138 129 155 284

MRE New diagnosis 37 40 6 50 77 56 133

US New diagnosis 47 30 7 49 77 56 133

MRE Suspected
relapse

39 13 11 88 52 99 151

US Suspected
relapse

37 15 10 89 52 99 151

DN, disease negative; DP, disease positive; FN, false negative; FP, false positive; TI, terminal ileum; TN, true negative;
TP, true positive.
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Appendix 11 Potential impact of staging small
bowel Crohn’s disease presence with either magnetic
resonance enterography and ultrasonography in a
theoretical 1000-participant cohort
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MRE US

Average number of people affected
based on example of 1000 patientsConsequence of

patient
management

Differences
between

MRE and US

41 extra patients 
with SBCD correctly
diagnosed with MRE
compared with US

25 patients with 
SBCD incorrectly

diagnosed with US 
compared with MRE

41 patients without
SBCD incorrectly

diagnosed with US 
compared with MRE

25 extra patients 
without SBCD 

correctly diagnosed 
with MRE compared 

with US

Test correct or not
True diagnosis

(reference
standard)

Type of test result

MRE/US result

Imaging test
result is

correct for
disease presence

Newly diagnosed
CD or established

disease and
suspected relapse

(example based on
1000 patients)

n = 795 n = 754

n = 171 n = 146

n = 9 n = 34

n = 25 n = 66

Imaging test
result is

incorrect for
disease presence

Correct treatment

Correct treatment

Incorrect treatment

Incorrect treatment

Test is correct

Test is correct

Test is incorrect

Test is incorrect

True positive

True negative

False positive

False negative

Patient does 
have SBCD

Patient does not
have SBCD

Patient does not
have SBCD

Patient does 
have SBCD

FIGURE 11 Potential impact of staging SBCD presence with either MRE or US in a theoretical 1000-participant cohort. Numbers of hypothetical participants are calculated from
sensitivity and specificity results comparing test accuracy within individual participants.
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Appendix 12 Per-segment sensitivity and
specificity for disease presence and extent against the
consensus reference standard, according to participant
cohort
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TABLE 51 Per-segment sensitivity and specificity for disease presence and extent against the consensus reference standard according to participant cohort. Equivocal MRE and
US results considered disease positive

Segment

Cohort

New diagnosis (N= 133) Suspected relapse (N= 151)

Disease
positive
(n)

Disease
negative
(n)

Sensitivity, % (95% CI; p-value) Specificity, % (95% CI; p-value) Disease
positive
(n)

Disease
negative
(n)

Sensitivity, % (95% CI; p-value) Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference MRE US Difference MRE US Difference

Small bowel segments

Duodenum
a

7 126 29
(8 to 64)

29
(8 to 64)

0 (–14 to 14;
1.000)

100
(97 to 100)

99
(96 to 100)

1 (–2 to 3;
1.000)

1 150 0
(0 to 79)

0
(0 to 79)

0 (–100 to 100;
1.000)

100
(98 to 100)

99
(95 to 100)

1 (–1 to 4;
0.500)

Jejunum
a

7 126 43
(16 to 75)

57
(25 to 84)

–14 (–76 to 47;
1.000)

99
(96 to 100)

97
(93 to 99)

2 (–2 to 5;
0.625)

6 145 100
(61 to 100)

67
(30 to 90)

33 (–21 to 88;
0.500)

97
(93 to 99)

99
(96 to 100)

–2 (–6 to 2;
0.375)

Ileum 17 116 79
(51 to 93)

47
(23 to 72)

32 (0 to 65;
0.051)

95
(87 to 98)

94
(85 to 97)

1 (–4 to 7;
0.615)

21 130 89
(65 to 97)

64
(39 to 83)

25 (–1 to 52;
0.062)

91
(83 to 96)

92
(84 to 96)

–1 (–7 to 5;
0.833)

Terminal
ileum

108 25 96
(89 to 99)

93
(83 to 97)

3 (–2 to 9;
0.203)

98
(84 to 100)

94
(72 to 99)

4 (–5 to 14;
0.394)

109 42 96
(89 to 99)

91
(81 to 97)

5 (–1 to 10;
0.114)

97
(87 to 99)

93
(78 to 98)

4 (–4 to 12;
0.314)

Colonic segments
b

Caecum 51 82 37
(25 to 51)

39
(27 to 53)

–2 (–17 to 13;
0.796)

97
(89 to 99)

88
(79 to 93)

9 (0 to 17;
0.047)

27 65 63
(44 to 79)

59
(40 to 76)

4 (–15 to 23;
0.705)

97
(88 to 99)

94
(85 to 98)

3 (–4 to 10;
0.413)

Ascending 42 91 38
(25 to 53)

38
(25 to 53)

0 (–25 to 25;
1.000)

95
(89 to 98)

90
(82 to 95)

5 (–2 to 13;
0.127)

25 109 68
(48 to 83)

68
(48 to 83)

0 (–19 to 19;
1.000)

97
(92 to 99)

94
(88 to 98)

3 (–2 to 7;
0.255)

Transverse 41 92 39
(25 to 55)

37
(23 to 52)

2 (–10 to 15;
0.705)

99
(93 to 100)

96
(89 to 98)

3 (0 to 7;
0.079)

20 126 60
(38 to 79)

60
(38 to 79)

0 (–31 to 31;
1.000)

95
(90 to 98)

93
(88 to 97)

2 (–3 to 6;
0.479)

Descending 35 98 40
(25 to 57)

37
(23 to 54)

3 (–12 to 18;
0.705)

50
(50 to 50)

96
(90 to 98)

–46 (–50 to –42;
0.000)

24 123 71
(50 to 85)

46
(27 to 65)

25 (4 to 46;
0.019)

97
(92 to 99)

95
(89 to 97)

2 (–2 to 7;
0.255)

Sigmoid 47 86 30
(18 to 44)

28
(17 to 42)

2 (–15 to 19;
0.809)

98
(91 to 99)

93
(85 to 97)

5 (–2 to 11;
0.153)

29 117 72
(54 to 86)

69
(50 to 83)

3 (–17 to 24;
0.739)

95
(89 to 98)

93
(87 to 97)

2 (–4 to 8;
0.564)

Rectum 35 98 34
(21 to 51)

11
(4 to 27)

23 (7 to 39;
0.005)

97
(91 to 99)

94
(87 to 97)

3 (–2 to 8;
0.255)

19 130 63
(40 to 81)

42
(23 to 64)

21 (–2 to 45;
0.079)

97
(92 to 99)

93
(87 to 96)

4 (–2 to 9;
0.163)

a Analysis for duodenum and jejunum uses McNemar’s test owing to small number of new participants with disease presence.
b Analysis for individual colonic segments uses a population average approach to compare imaging accuracy for individual colon segments.
Segments by consensus reference standard.
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Appendix 13 Sensitivity and specificity for
terminal ileal and colonic Crohn’s disease presence
and extent (regardless of activity) versus
ileocolonoscopy reference, according to participant
cohort
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TABLE 52 Sensitivity and specificity for terminal ileal and colonic CD presence and extent (regardless of activity) vs. ileocolonoscopy reference, according to participant cohort

Disease
location

Cohort

New diagnosis (N= 123) Suspected relapse (N= 63)

Disease
positive
(n)

Disease
negative
(n)

Sensitivity, % (95% CI; p-value) Specificity, % (95% CI; p-value) Disease
positive
(n)

Disease
negative
(n)

Sensitivity, % (95% CI; p-value) Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference MRE US Difference MRE US Difference

Terminal
ileum

71 52 98
(91 to 100)

94
(81 to 98)

4 (–2 to 10;
0.200)

50
(23 to 77)

42
(18 to 70)

8 (–20 to 37;
0.560)

34 29 94
(74 to 99)

83
(50 to 96)

11 (–7 to 30;
0.232)

25
(6 to 64)

19
(4 to 57)

6 (–23 to 35;
0.676)

Colonic CD
extent

a
80 43 3

(1 to 14)
1
(0 to 7)

2 (–2 to 6;
0.237)

94
(77 to 99)

86
(63 to 96)

8 (–5 to 21;
0.239)

29 34 1
(0 to 0.11)

3
(0 to 19)

–2 (–8 to 3;
0.392)

95
(76 to 99)

93
(72 to 99)

2 (–7 to 11;
0.688)

Colonic CD
presence

80 43 39
(23 to 58)

52
(33 to 70)

–13 (–34 to 7;
0.207)

94
(80 to 99)

86
(65 to 96)

8 (–5 to 20;
0.237)

29 34 47
(19 to 76)

41
(16 to 72)

6 (–28 to 40;
0.723)

95
(80 to 99)

93
(75 to 99)

2 (–7 to 11;
0.684)

Colonic segments
b

Caecum 58 65 23
(13 to 35)

26
(16 to 39)

–3 (–17 to 10;
0.617)

88
(77 to 94)

79
(67 to 87)

9 (0 to 19;
0.052)

15 36 20
(7 to 47)

20
(7 to 47)

0 (–19 to 19;
1.000)

44
(29 to 61)

42
(27 to 58)

3 (–7 to 12;
0.563)

Ascending 49 74 24
(14 to 38)

20
(11 to 34)

4 (–6 to 14;
0.412)

90
(81 to 95)

81
(71 to 88)

9 (1 to 18;
0.030)

13 47 31
(12 to 59)

31
(12 to 59)

0 (–21 to 21;
1.000)

83
(69 to 91)

81
(67 to 90)

2 (–7 to 11;
0.655)

Transverse 4 82 25
(14 to 40)

27
(15 to 42)

–2 (–13 to 8;
0.655)

91
(83 to 96)

90
(82 to 95)

1 (–4 to 7;
0.655)

13 50 23
(8 to 52)

15
(4 to 45)

8 (–7 to 22;
0.299)

94
(83 to 98)

90
(78 to 96)

4 (–1 to 9;
0.150)

Descending 40 83 27
(16 to 43)

25
(14 to 41)

2 (–10 to 15;
0.706)

96
(89 to 99)

91
(83 to 96)

5 (0 to 9;
0.041)

18 45 28
(12 to 52)

22
(9 to 47)

6 (–5 to 16;
0.305)

93
(81 to 98)

95
(84 to 99)

–2 (–7 to 2;
0.313)

Sigmoid 54 69 24
(15 to 37)

24
(15 to 37)

0 (–15 to 15;
1.000)

96
(87 to 99)

96
(87 to 99)

0 (–7 to 7;
1.000)

20 42 25
(11 to 48)

40
(21 to 62)

–15 (–40 to 10;
0.242)

90
(77 to 96)

90
(77 to 96)

0 (–9 to 9;
1.000)

Rectum 45 78 29
(18 to 44)

13
(6 to 27)

16 (2 to 29;
0.027)

98
(90 to 99)

95
(87 to 98)

3 (–4 to 9;
0.413)

16 47 19
(6 to 45)

13
(3 to 39)

6 (–15 to 27;
0.561)

96
(84 to 99)

92
(79 to 97)

4 (–4 to 13;
0.313)

a Agreement with reference standard for disease presence and segmental location.
b Analysis for individual colonic segments uses a population average approach.
Participants or colonic segments by ileocolonoscopy reference standard.

A
PPEN

D
IX

13

N
IH
R
Journals

Library
w
w
w
.journalslibrary.nihr.ac.uk

136



Appendix 14 Per-participant sensitivity and
specificity the presence of active disease against the
consensus reference standard, according to
participant cohort
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TABLE 53 Per-participant sensitivity and specificity for the presence of active disease against the consensus reference standard, according to participant cohort

Disease
location

Cohort

New diagnosis (N= 133) Suspected relapse (N= 151)

Participants
with active
disease (n)

Participants
with inactive
disease (n)

Sensitivity, % (95% CI; p-value) Specificity, % (95% CI; p-value) Participants
with active
disease (n)

Participants
with inactive
disease (n)

Sensitivity, % (95% CI; p-value) Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference MRE US Difference MRE US Difference

Active
SBCD

104 29 96
(90 to 99)

90
(79 to 96)

6 (0 to 13;
0.056)

90
(68 to 98)

83
(56 to 95)

7 (–11 to 25;
0.453)

105 46 96
(90 to 99)

90
(79 to 96)

6 (0 to 13;
0.056)

79
(57 to 91)

73
(51 to 88)

6 (–14 to 25;
0.584)

Active
colonic CD

76 57 48
(30 to 66)

55
(36 to 72)

–7 (–28 to 14;
0.522)

96
(88 to 99)

97
(90 to 99)

–1 (–5 to 4;
0.720)

50 101 83
(63 to 93)

81
(59 to 92)

2 (–14 to
19; 0.779)

96
(89 to 99)

98
(93 to 99)

–2 (–5 to 2;
0.309)

Active
SBCD and
colonic CD

a

130 3 64
(50 to 77)

59
(44 to 72)

5 (–10 to 20;
0.512)

0
(0 to 56)

0
(0 to 56)

0 (–33 to 33;
1.000)

121 30 88
(78 to 94)

73
(59 to 84)

15 (3 to
26; 0.012)

40
(25 to 58)

40
(25 to 58)

0 (–22 to 22;
1.000)

a Agreement with reference standard for presence of active disease to identify participant as having disease in small bowel, colon or both. Analysis uses McNemar’s test for specificity due to small number of new diagnosis participants with
inactive disease.

Participants by consensus reference standard.
Reproduced from Taylor et al.40 This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Appendix 15 Sensitivity and specificity for
presence of active terminal ileal and colonic Crohn’s
disease versus ileocolonoscopy reference, according
to participant cohort
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TABLE 54 Sensitivity and specificity for the presence of active terminal ileal and colonic CD vs. ileocolonoscopy reference, according to participant cohort

Disease
location

Cohort

New diagnosis (N= 123) Suspected relapse (N= 63)

Participants
with active
disease (n)

Participants
with inactive
disease (n)

Sensitivity, % (95% CI; p-value) Specificity, % (95% CI; p-value) Participants
with active
disease (n)

Participants
with inactive
disease (n)

Sensitivity, % (95% CI; p-value) Specificity, % (95% CI; p-value)

MRE US Difference MRE US Difference MRE US Difference MRE US Difference

Active
terminal
ileum
disease

69 54 99
(92 to 100)

89
(70 to 96)

10 (–1 to 21;
0.085)

54
(27 to 79)

38
(16 to 66)

16 (–11 to 44;
0.250)

31 32 93
(69 to 99)

78
(42 to 95)

15 (–8 to 38;
0.213)

31
(9 to 67)

37
(11 to 73)

–6 (–39 to 27;
0.708)

Active
colonic CD

69 54 40
(21 to 63)

46
(25 to 68)

–6 (–29 to 17;
0.629)

93
(78 to 98)

94
(88 to 98)

–1 (–9 to 6;
0.754)

21 42 55
(18 to 87)

37
(10 to 76)

18 (–23 to 59;
0.754)

95
(78 to 95)

95
(78 to 95)

0 (–8 to 8;
1.000)

Participants by ileocolonoscopy reference standard.
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Appendix 16 Perceptual errors for disease
detection (regardless of activity) on magnetic
resonance enterography and ultrasonography against
the consensus reference (both cohorts combined)

TABLE 55 Perceptual errors for disease detection (regardless of activity) on MRE and US against the consensus
reference (both cohorts combined)

Disease
statusb

Total participants
scored

Perceptual errors,a n (%)

MRE US

Perceptual error
present

Perceptual error
absent

Perceptual error
present

Perceptual error
absent

SBCD

Present 233 22 (9) 211 (91) 33 (14) 200 (86)

Absent 51 0 (0) 51 (100) 0 (0) 51 (100)

Total 284 22 (8) 262 (92) 33 (12) 251 (88)

Colonic CD

Present 129 25 (19) 104 (81) 23 (18) 106 (82)

Absent 155 0 (0) 155 (100) 0 (0) 155 (100)

Total 284 25 (9) 259 (91) 23 (8) 261 (92)

a Per participant considered separately for small bowel and colon locations.
b By consensus reference standard.
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Appendix 17 Per-reader sensitivity and
specificity for small bowel Crohn’s disease
extent (ultrasonography)

TABLE 56 Per-reader sensitivity and specificity for SBCD extent (US)

Reader
Reads per
reader (n)

Disease positive (n) Disease negative (n)

Sensitivity
(%)

Specificity
(%)

Disease-positive
participantsa TP FN

Disease-negative
participantsa FP TN

1 4 3 3 0 1 0 1 100 100

2 1 1 0 1 0 0 0 0 NAb

3 33 26 19 7 7 1 7 73 100

4 1 1 1 0 0 0 0 100 NAb

5 4 2 2 0 2 0 2 100 100

6 7 5 3 2 2 2 0 60 0

7 26 22 16 6 4 1 3 73 75

FN, false negative; FP, false positive; NA, not applicable; TN, true negative; TP, true positive.
a By consensus reference standard.
b Not applicable for sensitivity/specificity per reader when there are no disease-positive/disease-negative participants

by reader.
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Appendix 18 Per-reader sensitivity and specificity
for small bowel Crohn’s disease extent (magnetic
resonance enterography)

TABLE 57 Per-reader sensitivity and specificity for SBCD extent (MRE)

Reader
Reads per
reader

Disease positive (n) Disease negative (n)

Sensitivity
(%)

Specificity
(%)

Disease-positive
participantsa TP FN

Disease-negative
participantsa FP TN

1 1 1 1 0 0 0 0 100 NAb

2 14 13 7 6 1 0 1 54 100

3 7 4 3 1 3 0 3 75 100

4 2 2 2 0 0 0 0 100 NAb

5 11 9 4 5 2 1 1 44 50

6 15 13 7 6 2 0 2 54 100

7 14 10 6 4 4 0 4 60 100

8 12 9 4 5 3 1 2 44 67

9 15 14 9 5 1 0 1 64 100

10 1 1 1 0 0 0 0 100 NAb

11 1 1 1 0 0 0 0 100 NAb

12 19 15 7 8 4 0 4 47 100

13 12 11 7 4 1 0 1 64 100

14 1 1 1 0 0 0 0 100 NAb

15 15 11 5 6 4 0 4 45 100

16 1 1 0 1 0 0 0 0 NAb

17 2 2 1 1 0 0 0 50 NAb

18 1 0 0 0 1 0 1 NAb 100

19 11 10 8 2 1 0 1 80 100

20 5 5 3 2 0 0 0 60 NAb

21 10 8 4 4 2 0 2 50 100

22 5 4 4 0 1 0 1 100 100

23 13 9 2 7 4 0 4 22 100

24 2 0 0 0 2 0 2 NAb 100

25 5 5 2 3 0 0 0 40 NAb

26 11 10 8 2 1 0 1 80 100

27 13 8 4 4 5 1 4 50 80

FN, false negative; FP, false positive; NA, not applicable; TN, true negative; TP, true positive.
a By consensus reference standard.
b Not applicable for sensitivity/specificity per reader when there are no disease-positive/disease-negative participants

by reader.
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Appendix 19 Participant symptom record sheet
following ingestion of oral contrast prior to magnetic
resonance enterography

TABLE 58 Participant symptom record sheet following ingestion of oral contrast prior to MRE

Symptom
Very
tolerable

Moderately
tolerable

Somewhat
tolerable

Not at all
tolerable

I did not
experience
this symptom

A feeling of fullness □ □ □ □ □

Regurgitation □ □ □ □ □

Vomiting □ □ □ □ □

Abdominal pain/spasms □ □ □ □ □

Diarrhoea □ □ □ □ □
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Appendix 20 Bar chart of participant symptoms
according to the oral contrast agent
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FIGURE 12 Bar chart of participant symptom tolerability by oral contrast type.
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Appendix 21 Resource use by diagnostic
outcome and unit costs
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TABLE 59 Resource use by diagnostic outcome and unit costs

Variable

Multifocal/proximal SBCD Isolated terminal ileal SBCD

No multifocal or isolated
SBCD (N= 51)

Unit cost (£)

Active disease
(N= 42)

Inactive disease
(N= 5)

Active disease
(N= 168)

Inactive disease
(N= 18)

Frequency (SD) n Frequency (SD) n Frequency (SD) n Frequency (SD) n Frequency (SD) n

Medications, months 1–3

5-ASAs (tablets) 0.190 (0.397) 42 0.000 (0.000) 5 0.167 (0.374) 168 0.278 (0.461) 18 0.204 (0.407) 49 76

5-ASAs (enemas) 0.048 (0.216) 42 0.000 (0.000) 5 0.024 (0.153) 168 0.167 (0.383) 18 0.061 (0.242) 49 220

Prednisolone 0.095 (0.297) 42 0.000 (0.000) 5 0.155 (0.363) 168 0.056 (0.236) 18 0.163 (0.373) 49 77

Azathioprine 0.429 (0.501) 42 0.400 (0.548) 5 0.429 (0.496) 168 0.222 (0.428) 18 0.327 (0.474) 49 28

6-MP 0.095 (0.297) 42 0.200 (0.447) 5 0.089 (0.286) 168 0.111 (0.323) 18 0.082 (0.277) 49 538

Infliximab 0.167 (0.377) 42 0.400 (0.548) 5 0.149 (0.357) 168 0.056 (0.236) 18 0.224 (0.422) 49 5984

Adalimumab 0.262 (0.445) 42 0.200 (0.447) 5 0.155 (0.363) 168 0.111 (0.323) 18 0.163 (0.373) 49 4522

Other medications 0.595 (0.734) 42 0.400 (0.548) 5 0.560 (0.920) 168 0.944 (1.305) 18 0.612 (0.862) 49 82

Medications, months 4–6

5-ASAs (tablets) 0.175 (0.385) 40 0.000 (0.000) 5 0.172 (0.378) 163 0.313 (0.479) 16 0.143 (0.354) 49 76

5-ASAs (enemas) 0.000 (0.000) 40 0.000 (0.000) 5 0.006 (0.078) 163 0.063 (0.250) 16 0.000 (0.000) 49 220

Prednisolone 0.050 (0.221) 40 0.200 (0.447) 5 0.067 (0.252) 163 0.000 (0.000) 16 0.061 (0.242) 49 77

Azathioprine 0.400 (0.496) 40 0.400 (0.548) 5 0.417 (0.495) 163 0.188 (0.403) 16 0.286 (0.456) 49 28

6-MP 0.100 (0.304) 40 0.200 (0.447) 5 0.080 (0.272) 163 0.125 (0.342) 16 0.082 (0.277) 49 538

Infliximab 0.150 (0.362) 40 0.600 (0.548) 5 0.147 (0.355) 163 0.000 (0.000) 16 0.184 (0.391) 49 5984

Adalimumab 0.300 (0.464) 40 0.200 (0.447) 5 0.160 (0.367) 163 0.188 (0.403) 16 0.143 (0.354) 49 4522

Vedolizumab 0.050 (0.221) 40 0.000 (0.000) 5 0.000 (0.000) 163 0.000 (0.000) 16 0.000 (0.000) 49 8121

Other medications 0.600 (0.928) 40 0.400 (0.548) 5 0.337 (0.764) 163 0.750 (1.238) 16 0.306 (0.683) 49 73
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Variable

Multifocal/proximal SBCD Isolated terminal ileal SBCD

No multifocal or isolated
SBCD (N= 51)

Unit cost (£)

Active disease
(N= 42)

Inactive disease
(N= 5)

Active disease
(N= 168)

Inactive disease
(N= 18)

Frequency (SD) n Frequency (SD) n Frequency (SD) n Frequency (SD) n Frequency (SD) n

Primary care contacts, months 1–3

Visits to GP 1.667 (1.500) 9 0 0.698 (1.170) 53 1.400 (1.517) 5 0.667 (0.970) 18 38

Telephone call to GP 0.667 (0.866) 9 0 0.453 (1.280) 53 0.200 (0.447) 5 0.278 (0.575) 18 15

Visit to nurse 2.556 (2.744) 9 0 0.528 (1.137) 53 0.000 (0.000) 5 1.778 (3.021) 18 19

Visit from nurse 0.000 (0.000) 9 0 0.094 (0.405) 53 0.200 (0.447) 5 0.000 (0.000) 18 41

Telephone call to nurse 2.222 (3.993) 9 0 1.189 (2.202) 53 0.400 (0.548) 5 0.611 (1.037) 18 8

Primary care contacts, months 4–6

Visits to GP 3.500 (3.536) 2 0 0.750 (1.296) 36 1.667 (2.082) 3 0.667 (2.000) 9 38

Telephone call to GP 2.000 (2.828) 2 0 0.361 (0.990) 36 0.333 (0.577) 3 0.000 (0.000) 9 15

Visit to nurse 1.500 (0.707) 2 0 0.639 (1.376) 36 0.333 (0.577) 3 0.000 (0.000) 9 19

Visit from nurse 0.000 (0.000) 2 0 0.306 (1.527) 36 0.000 (0.000) 3 0.000 (0.000) 9 41

Telephone call to nurse 2.000 (2.828) 2 0 0.778 (2.099) 36 1.000 (1.732) 3 0.111 (0.333) 9 8

Surgical procedures, months 1–3

Anal fistula 0.024 (0.156) 41 0.000 (0.000) 5 0.000 (0.000) 168 0.000 (0.000) 18 0.000 (0.000) 49 710

EUA 0.024 (0.156) 41 0.000 (0.000) 5 0.000 (0.000) 168 0.056 (0.236) 18 0.020 (0.143) 49 710

Ileal resection 0.000 (0.000) 41 0.000 (0.000) 5 0.018 (0.133) 168 0.000 (0.000) 18 0.000 (0.000) 49 5131

Lay open 0.024 (0.156) 41 0.000 (0.000) 5 0.000 (0.000) 168 0.000 (0.000) 18 0.000 (0.000) 49 710

Other 0.098 (0.374) 41 0.000 (0.000) 5 0.060 (0.237) 168 0.000 (0.000) 18 0.041 (0.200) 49 4825
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TABLE 59 Resource use by diagnostic outcome and unit costs (continued )

Variable

Multifocal/proximal SBCD Isolated terminal ileal SBCD

No multifocal or isolated
SBCD (N= 51)

Unit cost (£)

Active disease
(N= 42)

Inactive disease
(N= 5)

Active disease
(N= 168)

Inactive disease
(N= 18)

Frequency (SD) n Frequency (SD) n Frequency (SD) n Frequency (SD) n Frequency (SD) n

Surgical procedures, months 4–6

Anal fistula 0.000 (0.000) 39 0.000 (0.000) 5 0.000 (0.000) 164 0.000 (0.000) 16 0.020 (0.143) 49 710

EUA 0.000 (0.000) 39 0.000 (0.000) 5 0.000 (0.000) 164 0.000 (0.000) 16 0.020 (0.143) 49 710

Ileal resection 0.000 (0.000) 39 0.000 (0.000) 5 0.006 (0.078) 164 0.000 (0.000) 16 0.000 (0.000) 49 5131

Lay open 0.000 (0.000) 39 0.000 (0.000) 5 0.018 (0.134) 164 0.000 (0.000) 16 0.000 (0.000) 49 710

Other 0.000 (0.000) 39 0.000 (0.000) 5 0.055 (0.277) 164 0.063 (0.250) 16 0.020 (0.143) 49 4825

Hospital admissions, months 1–3

Flare of CD 0.071 (0.463) 42 0.200 (0.447) 5 0.060 (0.238) 167 0.000 (0.000) 18 0.143 (0.500) 49 1647

Infection 0.024 (0.154) 42 0.000 (0.000) 5 0.000 (0.000) 167 0.000 (0.000) 18 0.000 (0.000) 49 2207

Other 0.119 (0.395) 42 0.200 (0.447) 5 0.048 (0.214) 167 0.000 (0.000) 18 0.041 (0.200) 49 2460

Hospital admissions, months 4–6

Flare of CD 0.077 (0.480) 39 0.000 (0.000) 5 0.006 (0.079) 162 0.000 (0.000) 15 0.020 (0.143) 49 1647

Other 0.026 (0.160) 39 0.000 (0.000) 5 0.037 (0.189) 162 0.000 (0.000) 15 0.041 (0.286) 49 2200

Additional imaging/endoscopic investigations, months 1–3

BaFT 0.048 (0.216) 42 0.000 (0.000) 5 0.042 (0.228) 168 0.056 (0.236) 18 0.082 (0.277) 49 126

CT abdomen and/or pelvis 0.071 (0.342) 42 0.200 (0.447) 5 0.071 (0.281) 168 0.000 (0.000) 18 0.000 (0.000) 49 112

CTE 0.071 (0.342) 42 0.000 (0.000) 5 0.036 (0.186) 168 0.000 (0.000) 18 0.020 (0.143) 49 97

CapE 0.095 (0.297) 42 0.000 (0.000) 5 0.012 (0.109) 168 0.000 (0.000) 18 0.020 (0.143) 49 1170

Colonoscopy 0.262 (0.445) 42 0.000 (0.000) 5 0.315 (0.479) 168 0.111 (0.323) 18 0.224 (0.422) 49 912

Flexible sigmoidoscopy 0.024 (0.154) 42 0.000 (0.000) 5 0.042 (0.200) 168 0.056 (0.236) 18 0.061 (0.242) 49 921

MRI enteroclysis 0.071 (0.261) 42 0.000 (0.000) 5 0.030 (0.170) 168 0.056 (0.236) 18 0.122 (0.331) 49 192
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Variable

Multifocal/proximal SBCD Isolated terminal ileal SBCD

No multifocal or isolated
SBCD (N= 51)

Unit cost (£)

Active disease
(N= 42)

Inactive disease
(N= 5)

Active disease
(N= 168)

Inactive disease
(N= 18)

Frequency (SD) n Frequency (SD) n Frequency (SD) n Frequency (SD) n Frequency (SD) n

MRI pelvis 0.048 (0.309) 42 0.000 (0.000) 5 0.006 (0.077) 168 0.000 (0.000) 18 0.020 (0.143) 49 139

MRI small bowel 0.738 (0.544) 42 0.800 (0.447) 5 0.744 (0.489) 168 0.722 (0.461) 18 0.673 (0.516) 49 180

US small bowel 1.024 (0.643) 42 1.200 (0.837) 5 0.952 (0.646) 168 0.944 (0.539) 18 0.918 (0.640) 49 52

Other 0.071 (0.261) 42 0.000 (0.000) 5 0.083 (0.317) 168 0.111 (0.323) 18 0.143 (0.456) 49 33

Additional imaging/endoscopic investigations, months 4–6

Barium enteroclysis 0.000 (0.000) 39 0.000 (0.000) 5 0.006 (0.079) 162 0.000 (0.000) 15 0.000 (0.000) 49 126

BaFT 0.000 (0.000) 39 0.000 (0.000) 5 0.025 (0.156) 162 0.000 (0.000) 15 0.000 (0.000) 49 126

CT abdomen and/or pelvis 0.000 (0.000) 39 0.000 (0.000) 5 0.037 (0.220) 162 0.000 (0.000) 15 0.041 (0.286) 49 112

CapE 0.051 (0.223) 39 0.000 (0.000) 5 0.006 (0.079) 162 0.000 (0.000) 15 0.000 (0.000) 49 1170

Colonoscopy 0.000 (0.000) 39 0.000 (0.000) 5 0.049 (0.217) 162 0.133 (0.352) 15 0.041 (0.200) 49 912

Flexible sigmoidoscopy 0.000 (0.000) 39 0.000 (0.000) 5 0.012 (0.111) 162 0.000 (0.000) 15 0.000 (0.000) 49 921

MRI pelvis 0.000 (0.000) 39 0.000 (0.000) 5 0.000 (0.000) 162 0.000 (0.000) 15 0.020 (0.143) 49 139

MRI small bowel 0.077 (0.270) 39 0.200 (0.447) 5 0.086 (0.282) 162 0.000 (0.000) 15 0.082 (0.277) 49 180

US small bowel 0.077 (0.480) 39 0.200 (0.447) 5 0.136 (0.361) 162 0.000 (0.000) 15 0.102 (0.306) 49 52

Other 0.103 (0.307) 39 0.000 (0.000) 5 0.123 (0.470) 162 0.267 (0.458) 15 0.204 (0.735) 49 22

Other outpatient visits

Months 1–3 0.222 (0.548) 18 0.000 1 0.350 (1.202) 80 0.000 (0.000) 9 0.286 (0.854) 28 154

Months 4–6 0.182 (0.603) 11 0.000 1 0.532 (1.411) 62 0.167 (0.408) 6 0.143 (0.359) 21 25

5-ASA, aminosalicylate; 6-MP, mercaptopurine; EUA, examination under anaesthetic.
Results are presented for all participants (new diagnosis and suspected relapse cohorts) combined.
Unit costs are in 2016–17 GBP (£) and rounded to the nearest whole pound. For CD medications, unit costs are taken from NICE guidance88–91 and the British National Formulary.92

For primary care contacts, unit costs were taken from Curtis and Burns.84 All other unit costs were taken from NHS Reference Costs.87
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Appendix 22 Mean Crohn’s disease management
costs and utilities per participant: complete-case
analysis with no imputed data
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TABLE 60 Mean CD management costs and utilities per participant: complete-case analysis with no imputed data

Category

Costs Utilities

Months 1–3 Months 4–6 Baseline 3 months 6 months

Mean (SE) (£) n Mean (SE) (£) n Mean (SE) n Mean (SE) n Mean (SE) n

New diagnosis

Multifocal/proximal SBCD

Active disease 4290 (3359) 7 269 1 0.79 (0.13) 16 0.78 (0.20) 13 0.83 (0.17) 8

Inactive disease – 0 – 0 0.79 1 – 0 – 0

Isolated terminal ileal SBCD

Active disease 2055 (2529) 28 2597 (5977) 19 0.73 (0.24) 75 0.75 (0.25) 48 0.72 (0.31) 28

Inactive disease – 0 – 0 0.76 (0.04) 4 0.77 1 0.43 (0.47) 2

No multifocal or isolated SBCD 2353 (2361) 9 1421 (1694) 4 0.82 (0.20) 21 0.78 (0.15) 13 0.81 (0.14) 9

Suspected relapse

Multifocal/proximal SBCD

Active disease 5751 (428) 2 4637 1 0.79 (0.16) 20 0.73 (0.25) 7 0.65 (0.33) 4

Inactive disease – 0 – 0 0.78 (0.11) 4 0.67 (0.18) 2 0.66 1

Isolated terminal ileal SBCD

Active disease 3249 (3219) 25 2644 (2445) 15 0.75 (0.18) 81 0.80 (0.17) 41 0.77 (0.16) 32

Inactive disease 1406 (2284) 5 1903 (2331) 3 0.82 (0.09) 13 0.87 (0.10) 8 0.81 (0.10) 8

No multifocal or isolated SBCD 4234 (2832) 9 2562 (1974) 4 0.73 (0.14) 26 0.76 (0.20) 14 0.82 (0.13) 9

Costs are in 2016–17 GBP (£). All data are raw data with no imputed values.
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Appendix 23 Incremental cost-effectiveness
of magnetic resonance enterography versus
ultrasonography

TABLE 61 Incremental cost-effectiveness of MRE vs. US

Cohort

Mean (95% CI)

Total cost (£) Total QALYs NMB (£)

New diagnosis cohort

MRE 4445 (3679 to 5466) 0.38 (0.36 to 0.39) 3161 (2017 to 3969)

US 4291 (3498 to 5334) 0.38 (0.36 to 0.39) 3310 (2109 to 4101)

Suspected relapse cohort

MRE 6487 (5713 to 7238) 0.39 (0.37 to 0.39) 1214 (416 to 2029)

US 6276 (5515 to 7018) 0.38 (0.38 to 0.39) 1423 (603 to 2179)

Cohort Incremental cost (£) QALYs gained INMB (£)

New diagnosis cohort

MRE minus US 154 (–299 to 574) 0.0002 (–0.007 to 0.009) –149 (–589 to 341)

Suspected relapse cohort

MRE minus US 211 (–78 to 517) 0.00008 (–0.004 to 0.004) –210 (–527 to 102)

NMB and INMB calculated at a cost-effectiveness threshold of £20,000 per QALY gained. Six-month time horizon.
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Appendix 24 Mean Crohn’s disease utilities per
participant

TABLE 62 Mean CD utilities per participant: complete-case analysis with no imputed data using the EQ-5D-5L value
set for England

Category

Utilities

Baseline 3 months 6 months

Mean (SD) n Mean (SD) n Mean (SD) n

New diagnosis cohort

Multifocal/proximal SBCD

Active disease 0.86 (0.11) 16 0.84 (0.17) 13 0.88 (0.13) 8

Inactive disease 0.87 1 – 0 – 0

Isolated terminal ileal SBCD

Active disease 0.80 (0.21) 75 0.81 (0.23) 48 0.78 (0.28) 28

Inactive disease 0.85 (0.05) 4 0.87 1 0.70 (0.22) 2

No multifocal or isolated SBCD 0.88 (0.15) 21 0.85 (0.13) 13 0.87 (0.12) 9

Suspected relapse cohort

Multifocal/proximal SBCD

Active disease 0.86 (0.13) 20 0.78 (0.27) 7 0.79 (0.20) 4

Inactive disease 0.85 (0.11) 4 0.77 (0.17) 2 0.73 1

Isolated terminal ileal SBCD

Active disease 0.84 (0.13) 81 0.87 (0.13) 41 0.85 (0.14) 32

Inactive disease 0.90 (0.06) 13 0.92 (0.07) 8 0.88 (0.08) 8

No multifocal or isolated SBCD 0.82 (0.16) 26 0.85 (0.13) 14 0.89 (0.10) 9

All data are raw data with no imputed values. Utilities computed using Syntax for EQ-5D-5L Value Set for England.118

DOI: 10.3310/hta23420 HEALTH TECHNOLOGY ASSESSMENT 2019 VOL. 23 NO. 42

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Taylor et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should
be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

161







EME
HS&DR
HTA
PGfAR
PHR
Part of the NIHR Journals Library
www.journalslibrary.nihr.ac.uk

This report presents independent research funded by the National Institute for Health Research (NIHR).  
The views expressed are those of the author(s) and not necessarily those of the NHS, the NIHR or the  
Department of Health and Social Care

Published by the NIHR Journals Library


	Health Technology Assessment 2019; Vol. 23; No. 42
	List of tables
	List of figures
	List of supplementary material
	List of abbreviations
	Plain English summary
	Scientific summary
	Chapter 1 Introduction
	Background
	Radiological imaging of Crohn’s disease
	Existing literature on the diagnostic accuracy of magnetic resonance enterography and ultrasonography
	Imaging of Crohn’s disease in the NHS
	Objectives of the METRIC trial

	Chapter 2 Methods
	Study design
	Patient and public involvement
	Recruitment sites
	Participants
	Inclusion criteria
	New diagnosis cohort
	Suspected relapse cohort

	Exclusion criteria
	Test methods
	Magnetic resonance enterography
	Ultrasonography
	Clinical investigations
	Radiologist/sonographer competence and training
	Study imaging interpretation and reporting
	Generation of additional small bowel imaging for discrepant magnetic resonance enterography and ultrasonography

	Recruitment
	Data collection and participant follow-up
	Reference standard
	Outcomes
	Sample size
	Primary outcome
	Secondary outcomes

	Analysis

	Chapter 3 Results
	Participants
	Baseline participant characteristics
	Consensus reference standard
	Test results and outcomes
	Identification and localisation of small bowel and colonic Crohn’s disease against the consensus reference standard
	Identification and localisation of small bowel Crohn’s disease and colonic Crohn’s disease against an ileocolonoscopic reference
	Extraenteric complications
	Disease activity assessment against the consensus reference standard
	Disease activity assessment against an ileocolonoscopic reference
	Equivocal magnetic resonance enterography and ultrasonography findings
	Equivocal magnetic resonance enterography and ultrasonography findings: sensitivity analysis for the primary outcome
	Perceptual errors on magnetic resonance enterography and ultrasonography
	Identification and localisation of small bowel and colonic Crohn’s disease against the consensus reference standard according to recruitment site


	Chapter 4 Diagnostic benefit of oral contrast administration (small intestine contrast-enhanced ultrasonography)
	Introduction
	Methods
	Outcomes
	Results

	Chapter 5 Interobserver variation in the interpretation of enteric ultrasonography and magnetic resonance enterography
	Introduction
	Methods
	Ultrasonography
	Magnetic resonance enterography

	Analysis
	Ultrasonography
	Magnetic resonance enterography

	Outcomes
	Results
	Ultrasonography
	Magnetic resonance enterography


	Chapter 6 Influence of sequence selection on magnetic resonance enterography diagnostic accuracy
	Introduction
	Methods
	Analysis
	Outcomes
	Results

	Chapter 7 Magnetic resonance enterography and enteric ultrasonography to diagnose Crohn’s disease: participant acceptability, perceived burden and preferences
	Introduction
	Methods
	Participants
	Questionnaire content
	Scan preference
	Importance of scan attributes
	Statistical analysis

	Results
	Burden score reliability
	Test/scan recovery time
	Test/scan acceptability
	Willingness to repeat investigations
	Least acceptable part of the investigations
	Burden of magnetic resonance enterography and ultrasonography


	Chapter 8 Influence of oral contrast agentand ingested volume on small bowel distensionand participant experience during magnetic resonance enterography
	Introduction
	Methods
	Participant experience of oral contrast
	Grading of bowel distension quality on magnetic resonance enterography

	Analysis
	Outcomes
	Results

	Chapter 9 The impact of magnetic resonance enterography and ultrasonography on diagnostic confidence and patient management
	Introduction
	Methods
	Participant selection
	Data presentation and case report form completion

	Analysis
	Results

	Chapter 10 Cost–utility analysis of magnetic resonance enterography versus ultrasonography for small bowel Crohn’s disease
	Introduction
	Methods
	Overview of economic evaluation
	Diagnostic and treatment stages
	Diagnostic versus therapeutic impacts
	Diagnostic outcomes
	Measuring costs
	Measuring quality-adjusted life-years
	Dealing with missing data
	Measuring cost-effectiveness
	Sensitivity analyses

	Results
	Diagnostic outcomes
	Resource use and costs at the treatment stage
	Utility values
	Cost–utility analysis
	Sensitivity analyses


	Chapter 11 Discussion
	Main trial
	Diagnostic benefit of oral contrast administration: small intestine contrast-enhanced ultrasonography
	Interobserver variation in the interpretation of enteric ultrasonography and magnetic resonance enterography
	Influence of sequence selection on magnetic resonance enterography diagnostic accuracy
	Magnetic resonance enterography and ultrasonography to diagnose Crohn’s disease: participant acceptability, perceived burden and preferences
	Influence of oral contrast agent and ingested volume on small bowel distension and participant experience during magnetic resonance enterography
	Diagnostic impact
	Cost–utility analysis of magnetic resonance enterography versus ultrasonography for small bowel Crohn’s disease
	Overall conclusions
	Implications for practice
	Recommendations for future research

	Acknowledgements
	References
	Appendix 1 Magnetic resonance enterography sequence protocol
	Appendix 2 Magnetic resonance enterography oral contrast agent by recruitment site
	Appendix 3 Summary of study outcomes by disease site and cohort
	Appendix 4 Definition of agreement with reference standard for disease extent
	Appendix 5 Recruitment sites and recruitment numbers and withdrawals per site
	Appendix 6 Presenting symptoms of the final study cohort
	Appendix 7 Presence and activity of small bowel and colonic Crohn’s disease according to individual bowel segments
	Appendix 8 Quality of segmental visualisation on magnetic resonance enterography and ultrasonography according to the participant cohort
	Appendix 9 Imaging and endoscopic data available to the consensus panel in participants with discrepancy for small bowel disease presence or location between magnetic resonance enterography and ultrasonography
	Appendix 10 Raw data for the primary outcome and selected secondary outcomes
	Appendix 11 Potential impact of staging small bowel Crohn’s disease presence with either magnetic resonance enterography and ultrasonography in a theoretical 1000-participant cohort
	Appendix 12 Per-segment sensitivity and specificity for disease presence and extent against the consensus reference standard, according to participant cohort
	Appendix 13 Sensitivity and specificity for terminal ileal and colonic Crohn’s disease presence and extent (regardless of activity) versus ileocolonoscopy reference, according to participant cohort
	Appendix 14 Per-participant sensitivity and specificity the presence of active disease against the consensus reference standard, according to participant cohort
	Appendix 15 Sensitivity and specificity for presence of active terminal ileal and colonic Crohn’s disease versus ileocolonoscopy reference, according to participant cohort
	Appendix 16 Perceptual errors for disease detection (regardless of activity) on magnetic resonance enterography and ultrasonography against the consensus reference (both cohorts combined)
	Appendix 17 Per-reader sensitivity and specificity for small bowel Crohn’s disease extent (ultrasonography)
	Appendix 18 Per-reader sensitivity and specificity for small bowel Crohn’s disease extent (magnetic resonance enterography)
	Appendix 19 Participant symptom record sheet following ingestion of oral contrast prior to magnetic resonance enterography
	Appendix 20 Bar chart of participant symptoms according to the oral contrast agent
	Appendix 21 Resource use by diagnostic outcome and unit costs
	Appendix 22 Mean Crohn’s disease management costs and utilities per participant: complete-case analysis with no imputed data
	Appendix 23 Incremental cost-effectivenessof magnetic resonance enterography versus ultrasonography
	Appendix 24 Mean Crohn’s disease utilities per participant



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Italic
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PREPRESS_WEB\(No Down Sampling of Images\)'] Web PDFs for NIHR Journals Library article text. RGB colour, low-resolution images, bookmarks and hyperlinks included.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	Crossmark 2: 
	Page 1: 



