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questions remain over accuracy, particularly in the 
proximal bowel and deep pelvis,6 and perceived 
interobserver variability.7 Conversely, MRE is a newer 
innovation,8 requires oral contrast and access to advanced 
technology imaging platforms, which are comparatively 
restricted in many health-care settings.

Although meta-analyses6,9–20 suggest that MRE and 
ultrasound have similar accuracy for diagnosing and 
staging Crohn’s disease, the primary literature is of 
questionable quality. Most studies17,20,21 are small and 

http://www.ucl.ac.uk/cctu/research-areas/gastroenterology/metric
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representative of institutions likely to implement MRE 
and ultrasound for patient management (appendix p 1). 
All sites had an established in�ammatory bowel disease 
service and were already doing MRE and ultrasound as 
part of usual clinical practice. 

Patients were eligible for the newly diagnosed group 
if they had been diagnosed with Crohn’s disease in 
the 3 months preceding recruitment on the basis of 
conventional diagnostic criteria, or when Crohn’s disease 
was strongly suspected on the basis of imaging or 
endoscopic features but pending �nal diagnosis. Eligible 
patients had already had colonoscopy or were awaiting it 
at recruitment. Patients in whom the �nal diagnosis was 
not Crohn’s disease were subsequently excluded. 

Patients were eligible for the suspected luminal relapse 
group if they had established Crohn’s disease (>3 months) 
and there was a strong clinical suspicion of luminal 
relapse based on either objective markers of in�ammatory 
activity (C-reactive protein [CRP] concentration >8 mg/L 
or faecal calprotectin concentration >100 µg/g), 
symptoms suggestive of luminal stenosis (including 
obstructive symptoms, such as colicky abdominal pain, 
vomiting), or abnormal endoscopy. Eligible patients for 
both groups were aged 16 years or older. Patients were 
ineligible if they were pregnant or if they had contra-
indications to MRI. Those with psychiatric or other 
disorders who were unable to give informed consent 
were also excluded, as were those with evidence of severe 
or uncontrolled systemic disease. Patients in the newly 
diagnosed group were excluded if they had surgical 
resection before colonoscopy. 

Members of the local research team identi�ed suitable 
patients from outpatient clinics, multidisciplinary team 
meetings, and inpatient wards, and they took informed 
consent from consecutive, unselected, eligible patients. 
A screening log detailed all approached patients and 
reasons for non-participation, if applicable. We collated 
patient demographics and clinical data (eg, age, sex, 
Montreal classi�cation [relapse group only], disease or 
symptom duration, medication, and surgical history).

Procedures
Patients had MRE and ultrasound in addition to any 
other enteric imaging or endoscopic investigations done 
during their usual clinical care. 

MRE was done according to local standard clinical 
protocols (including the choice of oral contrast agent) 
on either 1·5 T or 3 T MRI platforms. We acquired a 
minimum dataset of sequences (appendix p 2). Ultrasound 
was done by radiologists or sonographers using standard 
platforms and both curvilinear and high-resolution probes, 
without oral or intravenous contrast agents (appendix p 3). 
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index at recruitment and repeated between 10 and 
20 weeks later. We asked patients if they found MRE and 
ultrasound acceptable and which test attribute they 
considered to be the most important.  

We used the construct reference standard model 
(panel diagnosis), incorporating the concept of clinical 
test validation—ie, whether test results are meaningful 
in practice.23 Speci�cally, we followed patients’ clinical 
course for 6 months to assess the e�ect of MRE and 
ultrasound �ndings on clinical decision making and 
patient outcomes. Each recruitment site convened a 
series of consensus panels consisting of at least one 
local gastroenterologist and two radiologists (one local 
and one from another site); a histopathologist was 
available if required and a member of the trial 
management group attended to ensure uniformity of 
process. For each patient, the panel considered the 
images and results of all small bowel investigations 
(including MRE and ultrasound) and all additional 
information accrued over the follow-up period, 
including endoscopies, surgical �ndings, histopathology, 
Harvey Bradshaw index, CRP concentration, 
calprotectin concentration (and changes thereof), and 
clinical course. The panel recorded its opinion as to 
whether small bowel or colonic Crohn’s disease was 
present, and, if so, whether disease was active. All panel 
decisions were recorded as present or absent, active or 
inactive, with no option of an indeterminate outcome. 
Disease could only be categorised as active if at least one 
objective marker was present (ulceration as seen at 
endoscopy, measured CRP concentration >8 mg/L, 
measured calprotectin concen tration >250 µg/g, 
histopathological evidence of acute in�ammation based 
on a biopsy sample or surgery within 2 months of trial 
imaging). 

Outcomes
The primary outcome was the per-patient di�erence in 
sensitivity between MRE and ultrasound for correct 
identi�cation and localisation of small bowel Crohn’s 
disease, irrespective of activity—ie, the extent of small 
bowel disease. To be truly positive for disease extent, the 
index test had to correctly locate the presence and 
segmental location of disease (terminal ileum, ileum, 
jejunum, or duodenum). Secondary outcomes reported 
here were speci�city for disease extent, sensitivity and 
speci�city for small bowel disease presence, the 
di�erence in per patient sensitivity and speci�city for 
colonic disease presence and extent, and identi�cation of 
active disease and comparative patient experience. 
Secondary outcomes also included comparative impact 
of MRE and ultrasound on clinician diagnostic 
con�dence for presence of Crohn’s disease and their 
in�uence on management, cost-e�ectiveness of MRE 
and ultrasound (compared to each other), diagnostic 
impact of novel MRE sequences (eg, di�usion-weighted 
imaging), in�uence of sequence selection on MRE 

diagnostic accuracy, diagnostic accuracy of small 
intestine contrast enhanced ultrasonography (SICUS) 
compared with standard ultrasound, in�uence of oral 
contrast agent and ingested volume on small bowel 
distension and patient experience during MRE, and  
interobserver variation, which will be reported elsewhere. 

We reported most outcomes for the newly diagnosed 
and suspected luminal relapse groups individually, and 
for the terminal ileum and colon using colonoscopy as a 
standalone reference standard (when available) because 
of its robustness for identifying disease.

We prespeci�ed all outcomes in the protocol24 except 
accuracy for individual small bowel segments (duo-
denum, jejunum, ileum), accuracy for disease presence 
and extent in the colon, and per-patient disease activity 

518 screened participants 

183 excluded
 58 declined participation
 28 failed to respond to invitation
 22 diagnosis other than Crohn’s disease
 20 unable to complete MRE or ultrasound in timely fashion
 13 did not meet trial eligibility criteria (relapse cohort) based on 
  low CRP
 8 contraindication to MRE
 7 not able give informed consent
 5 previous recruitment or declined approach
 4 moved or lived far away
 4 proceeded straight to surgery before colonoscopy (new 
  diagnosis cohort)
 2 newly diagnosed >3 months previously
 2 <16 years old
 10 unknown

335 recruited participants 

51 withdrawals
 31 final diagnoses other than Crohn’s disease
 5 did not have MRE
 3 did not have ultrasound
 2 did not have MRE or ultrasound 
 3 withdrew consent
 3 no longer wished to participate in follow-up
 2 lost to follow-up
 2 had surgery without colonoscopy

284 included participants 

133 newly diagnosed participants

Index tests
133 MRE and ultrasound 

Reference standard
133 consensus panel at 6 months

Index tests
151 MRE and ultrasound 

Reference standard
151 consensus panel at 6 months

151 suspected relapse participants

Figure �: Trial pro�le
CRP=C-reactive protein. MRE=magnetic resonance enterography. 
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of 284, 133 were included in the newly diagnosed group 
and 151 in the relapse group (�gure 1; table 1), including 
154 (54%) women. Based on the reference standard, 
233 (82%) of 284 patients had small bowel Crohn’s disease 
(thereby meeting sample size stipulations), which was 
active in 209 (90%) patients (table 2). 129 (45%) of 
284 patients had colonic disease, which was active in 
126 (98%) patients. No data were missing for per-patient 
diagnosis of disease presence or disease extent, for the 
reference standard, MRE, or ultrasound. 

In 53 patients (24 from the newly diagnosed group 
and 29 from the relapse group), MRE and ultrasound 
were discrepant for small bowel disease presence or 
location, of whom 48 (91%) patients had an additional 
small bowel imaging test available to the consensus 
panel. The range of imaging, endoscopic, and bio-
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activity of small bowel Crohn’s disease in newly 
diagnosed patients and those who have relapsed, and 
both tests are valid �rstline investigations. In an NHS 
setting, MRE is generally the preferred radiological 
investigation when available because its sensitivity and 
speci�city exceed ultrasound signi�cantly. 
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