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AbsTrACT
Introduction Crohn’s disease diagnosis and monitoring 
remains a great clinical challenge and often requires 
multiple testing modalities. Assessing Crohn’s disease 
activity in the entire gastrointestinal (GI) tract using 
a panenteric capsule endoscopy (CE) system could 
be used as an alternative to colonoscopy and cross- 
sectional imaging. This study assessed the accuracy and 
safety of panenteric CE in Crohn’s disease as compared 
with ileocolonoscopy (IC) and/or magnetic resonance 
enterography (MRE).
Methods A prospective, multicentre study was 
performed in subjects with established Crohn’s disease. 
Individuals with proven small bowel patency underwent a 
standardised bowel preparation, followed by CE ingestion 
and IC either the same or following day. MRE, IC, and CE 
interpretations were performed by blinded central readers 
using validated scoring systems. The primary endpoint 
was the overall sensitivity of CE vs MRE and/or IC in 
Crohn’s disease subjects.
results Study enrolment included 158 subjects from 
21 sites in the USA, Austria, and Israel. Of those, 99 were 
included in the analysis. Imaging modality scores indicated 
none to mild inflammation in the proximal small bowel and 
colon, but discrepant levels of inflammation in the terminal 
ileum. Overall sensitivity for active enteric inflammation 
(CE vs MRE and/or IC) was 94% vs 100% (p=0.125) 
and specificity was 74% vs 22% (p=0.001). Sensitivity 
of CE was superior to MRE for enteric inflammation in 
the proximal small bowel (97% vs 71%, p=0.021), and 
similar to MRE and/or IC in the terminal ileum and colon 
(p=0.500–0.625). There were seven serious adverse 
advents of which three were related to the CE device.
Conclusion Panenteric CE is a reliable tool for assessing 
Crohn’s disease mucosal activity and extent compared 
with more invasive methods. This study demonstrates 
high performance of the panenteric CE as compared to 
MRE and/or IC without the need for multiple tests in non- 
stricturing Crohn’s disease.
Trial registration number  ClinicalTrials. gov 
NCT03241368

IntroductIon
Crohn’s disease is an idiopathic chronic auto-
immune disorder that typically involves the 

gastrointestinal (GI) tract. The worldwide 
disease incidence continues to increase.1 
The natural history of Crohn’s disease is a 
progression from inflammatory lesion(s) to 
often stricturing and/or penetrating compli-
cations in the majority of patients.2 Early 
diagnosis and aggressive treatment to a target 
of mucosal healing has been associated with 
improved clinical outcomes.3 4

The diagnosis and monitoring of Crohn’s 
disease extent and severity is challenging. 
Non- specific symptoms may include fatigue, 
bloating, diarrhoea, abdominal pain, and 
clinical symptoms often do not correlate 
with biological activity.5 In addition, Crohn’s 
disease has a special predilection for the small 
bowel that is beyond the reach of standard 
endoscopic interrogations and can involve 

summary box

What is already known about this subject?
 ► Mucosal healing is the preferred treatment target 
in the Crohn’s disease management algorithms. 
Unfortunately, Crohn’s disease assessments require 
multiple tests due to multifocal, patchy inflamma-
tion throughout the gastrointestinal tract with a pre-
dilection for the small bowel.

What are the new findings?
 ► The PillCam Crohn’s system (panenteric video cap-
sule endoscopy) offers the opportunity to evaluate 
the entire intestinal mucosal surface with a high de-
gree of sensitivity using a single minimally invasive 
test.

How might it impact clinical practice in the 
foreseeable future?

 ► The monitoring of Crohn’s disease could be directed 
by the use of this new capsule system, potentially 
reducing invasive testing and the number of proce-
dures performed, in addition to reducing healthcare 
costs and providing a new alternative for disease 
monitoring.
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Figure 1 Flow chart of the subjects included and excluded 
in the study. MRE, magnetic resonance enterography; PSB, 
proximal small bowel; TI, terminal ileum.

the small bowel mesentery and adjacent structures.6 For 
these reasons, clinicians often rely on magnetic resonance 
enterography (MRE), CT enterography (CTE), and/or 
ultrasound.7 8 These imaging tools are complementary to 
colonoscopy, which is invasive but remains the gold stan-
dard for colonic evaluations and tissue acquisition. This 
approach to Crohn’s disease activity assessment often 
requires multiple tests completed over several days.

Despite its high sensitivity for the detection of active 
small bowel inflammation, many clinicians have been reti-
cent to employ capsule endoscopy (CE) as a diagnostic 
and monitoring tool in patients with Crohn’s disease 
owing to the small risk of capsule retention.9 A growing 
body of literature, however, has highlighted the safety of 
CE when used in conjunction with a patency capsule or 
cross- sectional enterography and has established criteria 
for improving observer performance.10–13 In addition, a 
paediatric Crohn’s disease study suggested that using CE 
to guide management results in higher rates of mucosal 
healing and deep remission.4

Recently, the advent of the pan- intestinal CE system, 
the PillCam Crohn’s system, has provided a mecha-
nism to explore the entire GI tract mucosa with a single 
test. Unlike previous CE systems, data acquisition is not 
limited to the small bowel (PillCam SB 3 system) or the 
colon (PillCam COLON 2 system). Its application to 
Crohn’s disease management algorithms may allow for 
non- invasive simplified disease assessment strategies of 
the oesophagus, stomach, small bowel, and the colon. 
In addition, the PillCam Crohn’s capsule may provide 
critical information about proximal small bowel (PSB) 
disease that is not identified by other testing modalities.12 
There is a paucity of data, however, on the performance 
of this CE system when compared with MRE and ileoco-
lonoscopy (IC).4 14 The purpose of the BLINK study was 
to prospectively assess the performance and safety of the 
PillCam Crohn’s capsule in patients undergoing IC and 
MRE.

MaterIals and Methods
study design and population
BLINK was a multicentre, prospective study that eval-
uated the accuracy of CE versus IC and/or MRE for 
detecting active intestinal Crohn’s disease in subjects 
with established Crohn’s disease. All subjects had a 
history (within 2 years) of active mucosal disease (based 
on radiological, endoscopic, or histological evidence) 
or were felt to have a high clinical suspicion for current 
active disease. The study was designed to include up to 
145 subjects at 21 investigational sites in the USA, Israel, 
and Austria. Eligible subjects ≥18 years of age who met all 
inclusion/exclusion criteria (online supplementary table 
1) were enrolled between January 2018 and June 2019. 
All subjects underwent MRE, CE, and IC sequentially. 
Patients unable to complete all the required testing were 
excluded (figure 1).

study objectives and endpoints
The objective of the study was to assess the accuracy of 
CE vs MRE and/or IC for detecting active inflammatory 
Crohn’s disease within the GI tract.

Primary endpoint
The primary endpoint was the overall sensitivity of CE 
versus MRE and/or IC for active intestinal Crohn’s 
disease in the small bowel and colon.

secondary endpoints
Secondary endpoints were overall specificity, negative 
predictive value (NPV), positive predictive value (PPV) as 
well as segmental sensitivity and performance in the PSB 
to the terminal ileum (TI) (CE vs MRE), TI (CE vs IC and 
MRE), and colon (CE vs IC). The PSB was defined as the 
small bowel minus the TI segment. The TI was defined as 
the last 10 cm of small bowel on MRE and IC, or the last 
10 min of the CE video before entering the caecum. In 
addition, patient satisfaction was also assessed.

additional analysis
Additional analysis included correlation of disease 
severity with laboratory markers including C reactive 
protein (CRP) and faecal calprotectin (FC). Adverse 
events (AEs), bowel cleansing levels, CE completion 
rates, study deviations, and device deficiencies were also 
collected.

study workflow
After providing informed consent, subjects underwent 
screening which included laboratory tests and a negative 
pregnancy test if applicable (online supplementary table 
1). Demographic data, medical/surgical history, previous 
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GI procedures, Montreal classification and medication 
information were collected. MRE was performed first in 
the series of tests and in accordance with a standardised 
imaging protocol (online supplementary table 2), which 
was used to identify strictures (defined as an unequivocal 
proximal upstream dilation ≥2.5 cm). If there was a clin-
ical suspicion of a stricture despite negative MRE findings, 
the patient then underwent a patency capsule procedure 
(PillCam patency capsule; Medtronic, Yoqneam, Israel). 
If patency was confirmed, subjects received a bowel 
preparation (online supplementary table 3) prior to CE 
evaluation. IC was performed after the CE on the same 
or next day. If IC was not performed on the same day as 
CE, patient remained on clear liquids until the IC was 
performed.

central readers
A skilled group of central readers was used to interpret 
the MRE, CE, and colonoscopy examinations. Central IC 
and MRE readers were experienced gastroenterologists 
and gastroenterology (GI) radiologists. CE, IC, and MRE 
images were anonymised and uploaded to an imaging 
core laboratory (ICON, North Wales, Pennsylvania) and 
randomly distributed to central readers. All readers were 
blinded to the site, subject data, and were required to 
read each video or image independently without external 
input. Images from each modality were evaluated using 
standardised, validated scoring systems, as described 
below. CE central readers were experienced gastroen-
terologists, who were trained by the sponsor to read and 
evaluate PillCam software videos. Clinical site radiologists 
and endoscopists were also trained prior to the trial to 
ensure consistency of data acquisition.

Imaging modalities
All enrolled subjects underwent MRE using either a 
1.5T or 3T MR scanners using the parameters described 
in online supplementary table 2, and images were 
reviewed by central readers, according to the criteria for 
active Crohn’s disease in the small bowel as previously 
described.15 The PillCam Crohn’s system (Medtronic) 
can visualise the entire small bowel and colon and 
includes a regimen alert system to remind subjects to take 
the prescribed bowel preparation materials, as outlined 
in online supplementary table 3. All IC procedures were 
completed per the standard care at each facility and in 
accordance with the study protocol for video recording. 
During colonoscopy, TI intubation could not be achieved 
in 17 patients.

assessment of crohn’s disease activity
Active Crohn’s disease was assessed using clinical, labo-
ratory, stool, radiological, and endoscopic measures 
of disease activity. Laboratory tests included complete 
blood count with differential, serum albumin, CRP, and 
FC. Disease activity was assessed by three separate scoring 
systems for IC, MRE, and CE according to the modality 
and location. Any evidence of active disease regardless of 

the level of severity (ie, mild, moderate, and severe) or 
location was considered active disease. The Simple Endo-
scopic Score for Crohn’s Disease (SES- CD) score was 
used to evaluate the TI and colon by CE or IC according 
to the following cut- off values: 0–2=inactive, 3–6=mild, 
7–15=moderate, and >15=severe.16 The Lewis Score 
(LS) assessed active Crohn’s disease in the PSB by CE 
with the following cut- off values: <135=inactive, 135≤ LS 
≤790=mild, and >790=moderate or severe.17 An adapted 
Magnetic Resonance Index of Activity (MaRIA) scoring 
system was used for assessing the small bowel and TI by 
MRE, taking into account wall thickness, relative contrast 
enhancement, presence of intramural oedema and ulcer-
ations, with activity graded according to the following 
cut- off values: inactive <7, mild 7–9, moderate 9–11, and 
severe >11.18 19

reference standard
Anticipating potential disagreement among the numer-
ical indices used to indicate disease activity, a standardised 
method for resolving discrepancies was created prior to 
the initiation of the study, as has been done previously.20 
In cases of agreement, the reference diagnosis was deter-
mined by the presence or absence of inflammation 
as assigned by the modality- specific scoring systems at 
prospective interpretation by expert central readers—
MaRIA (MRE), SES- CD (colonoscopy), and the LS (CE). 
In cases with discrepant numerical indices for any bowel 
segment, MRE, CE, and IC were reviewed and resolved 
by a consensus panel which consisted of three gastroen-
terologists (Cristiano Spada, Fondazione Poliambulanza; 
Bruno Rosa, Hospital da Senhora da Oliveira; and Daniel 
Mishkin, Beth Israel Deaconess Hospital) and a radiol-
ogist (Jordi Rimola, Hospital Clínic of Barcelona). To 
establish the reference diagnosis in cases of discrepancy 
between modality indices, the images from MRE, videos 
(CE and colonoscopy), laboratory, and clinical data were 
reviewed by all panel members and discussed. The panel 
then determined the presence or absence of Crohn’s 
inflammation based on all images, videos, and evidence, 
with gastroenterologist and radiologist panellists indi-
cating which scoring systems reflected the reference diag-
nosis and which did not. This comparison was performed 
for every bowel segment in cases, which were reviewed.

statistical analysis
Subjects enrolled by 30 April 2019 were selected through 
the convenience sampling method. The study was non- 
powered, and all continuous data were summarised using 
descriptive statistics, specifically the number of observa-
tions (N), mean, SD, median, minimum, maximum, and 
95% CIs were calculated as appropriate. Kappa test and 
Spearman’s coefficient were used to assess correlation. 
Safety and baseline demographic analysis was based on 
all subjects who completed assessments by MRE, CE, 
and IC modalities. The analysis was based on the per- 
protocol analysis, which included data of all subjects who 
completed assessments by MRE, CE, and IC modalities 
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Table 1 Clinical activity scores by segment according to 
modality and the scoring index (LS, MaRIA, or SES- CD)

Test
Scoring 
index*

Proximal 
small bowel, 
n=98

Terminal 
ileum, 
n=90

Colon, 
n=88

CE LS,
mean (SD)

599.2 (1291.3) – –

SES- CD,
mean (SD)

– 3.1 (2.9) 1.2 (1.8)

MRE MaRIA score,
mean (SD)

7.8 (3.8) 12.0 (6.9) –

IC SES- CD,
mean (SD)

– 2.6 (2.9) 1.4 (2.2)

*LS <135=absent, 135≤ LS ≤790=mild, and >790=moderate or 
severe; SES- CD index 0–2=absent, 3–6=mild, 7–15=moderate, 
and >15=severe; MaRIA score <7=inactive, 7–9=mild,>9–
11=moderate, and >11=severe.
CE, capsule endoscopy; IC, ileocolonoscopy; LS, Lewis Score; 
MaRIA, Magnetic Resonance Index of Activity; MRE, magnetic 
resonance enterography; SES- CD, Simple Endoscopic Score for 
Crohn’s Disease.

without major protocol deviations at baseline or who 
did not withdraw, have capsule retention or have system 
technical failures. Missing data were not included in the 
primary analysis.

safety assessment
Type, incidence, severity, duration, and procedure/
device relationship of AEs were collected. AEs for all 
enrolled subjects were collected from the start of baseline 
imaging procedures (MRE) and through week following 
completion of the last imaging procedure (IC). Subjects 
with AEs at 1 week following the IC procedure were 
followed for 30 days or until the event resolved.

results
Patient characteristics
A total of 187 patients were screened and 158 enrolled 
from 19 sites in the USA, 1 in Austria, and 1 in Israel 
from January 2018 through June 2019. Baseline charac-
teristics were as follows: 40% males, 60% females with a 
mean (±SD) age of 40 (±12) years, and a mean (±SD) 
body mass index of 29.0 (±7.53) kg/m2. A complete list of 
baseline demographics, clinical features, Montreal classi-
fication, and concurrent Crohn’s disease- related medica-
tions are listed in online supplementary table 4. Clinical 
activity scores of inflammation were collected by each test 
and classified according to the scoring indices.

Overall mean measures of inflammation were assessed 
and revealed mostly none to mild inflammation in the 
PSB and colon (by LS and MaRIA score), and discrepant 
levels of inflammation in the TI (table 1).

Patient population for analysis
Of the 158 patients enrolled, 119 underwent all three 
tests with MRE, CE, and colonoscopy. Of those, 119 were 
included in the safety and demographic analysis. A total 

of 66% (78/119) of subjects went to the consensus panel 
when there were discrepancies in the numerical modality- 
specific activity scores. Discrepancies between the 
modality scores and the final consensus panel determi-
nation were further analysed by segment (online supple-
mentary table 5). The per- protocol overall analysis was 
performed in 99 patients who had at least one segment 
with acceptable comparative imaging modalities.

disease activity
According to the reference standard, the overall active 
disease was found in 73% (72/99) of subjects in the 
overall GI tract. In the segmental analysis, 32% (31/98) 
of subjects had active disease present in the PSB, 58% 
(52/90) in the TI, and 26% (23/88) in the colon. When 
we evaluated disease activity based on the total number of 
segments visualised by CE, 39% (39/99) of PSB segments, 
61% (56/92) of TI segments, and 30% (27/90) of colon 
segments had active disease. CE demonstrated a similar 
trend to the reference standard with 40% (39/98) of 
subjects having active disease in the PSB, 62% (56/90) in 
the TI, and 31% (27/88) in the colon.

Primary and secondary analyses
The primary endpoint was the overall sensitivity of CE 
vs MRE and/or IC for active intestinal Crohn’s disease 
in the small bowel and colon. Based on the per- protocol 
analysis (table 2), CE demonstrated a very high overall 
intestinal sensitivity for evaluating the entire GI tract with 
a sensitivity of 94% (95% CI: 86% to 98%) compared 
with 100% (95% CI: 95% to 100%) for MRE and/or 
IC, p=0.125. Specificity was significantly higher for CE 
compared with MRE and/or IC (74% (95% CI: 55% to 
87%) vs 22% (95% CI: 10% to 41%), p=0.001). CE had a 
higher PPV than MRE and/or IC but lower NPV.

Segmental analysis was performed for the PSB, TI, and 
colon (table 2). In regard to the PSB, CE had a signifi-
cantly higher sensitivity and specificity compared with 
MRE (97% vs 71%, p=0.021) and (87% vs 66%, p=0.020), 
respectively. In the TI, no significant difference in sensi-
tivity was found between CE and the combined modalities 
(MRE and/or colonoscopy) or between CE compared 
with either MRE or IC alone. Specificity of CE was signifi-
cantly higher than MRE combined with IC (82% vs 37%, 
p<0.001) and MRE alone in the TI. Similarly, when 
analysing the colon, CE and IC had no significant differ-
ence in sensitivity or specificity.

correlation of disease severity
Correlation of disease severity (absent, mild, moderate, 
or severe) using the scoring indices LS, SES- CD, and 
the MaRIA obtained by CE, IC, and MRE were assessed. 
Patients who did not have that segment visualised by that 
modality were excluded from the analysis. In the PSB, CE 
LS classified 17% (17/98) of subjects as having moderate/
severe disease compared with 20% (20/98) of subjects 
classified as severe according to MaRIA score; however, 
no statistical significance was identified (table 3). In the 
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Table 2 Accuracy measures of CE compared with the modality in the entire GI tract and per segmental analysis

Segment Test
Sensitivity %
(95% CI)

Specificity % 
(95% CI)

PPV%
(95% CI)

NPV%
(95% CI)

Overall CE (n=99) 94 (86 to 98) 74 (55 to 87) 91 (82 to 96) 83 (64 to 94)

MRE and/or IC (n=99) 100 (95 to 100) 22 (10 to 41) 77 (68 to 85) 100 (54 to 100)

P value 0.125 0.001 – –

Proximal small bowel* CE (n=98) 97 (82 to 100) 87 (76 to 93) 77 (62 to 88) 98 (90 to 100)

MRE (n=98) 71 (53 to 84) 66 (54 to 76) 49 (35 to 63) 83 (71 to 91)

P value 0.021 0.020 – –

Terminal ileum CE (n=90) 94 (84 to 99) 82 (66 to 91) 88 (76 to 94) 91 (76 to 98)

MRE and/or IC (n=90) 98 (89 to 100) 37 (23 to 53) 68 (57 to 78) 93 (68 to 100)

P value 0.625 <0.001 – –

CE (n=83) 94 (82 to 98) 81 (66 to 91) 86 (74 to 93) 91 (76 to 98)

IC (n=83) 89 (77 to 96) 92 (78 to 98) 93 (81 to 98) 87 (73 to 95)

P value 0.688 0.289 – –

CE (n=92) 94 (84 to 99) 82 (67 to 91) 88 (76 to 94) 91 (77 to 98)

MRE (n=92) 79 (66 to 88) 44 (29 to 59) 66 (53 to 76) 61 (42 to 77)

P value 0.057 0.001 – –

Colon CE (n=88) 83 (62 to 94) 88 (77 to 94) 70 (51 to 84) 93 (84 to 98)

IC (n=88) 91 (72 to 99) 89 (79 to 95) 75 (56 to 88) 97 (88 to 100)

P value 0.500 1.00 – –

CE, capsule endoscopy; GI, gastrointestinal; IC, ileocolonoscopy; MRE, magnetic resonance enterography; NPV, negative predictive value; 
PPV, positive predictive value.

TI, no subjects were classified as having severe disease by 
either IC or CE; however, 42% (38/90) of subjects were 
classified as severe disease by the MRE MaRIA score. 
This trend was further confirmed by imaging modalities 
comparing MRE to both CE and IC in the TI (figure 2).

There was moderate correlation in the TI (k=0.579, 
95% CI: 0.423 to 0.736, p<0.001) and colon (k=0.440, 
95% CI: 0.260 to 0.619, p<0.001) between CE and IC 
when SES- CD scoring index was used by both modali-
ties. No other significant disease severity correlation was 
found between any of the tests. Finally, when assessing 
disease correlation between CE and laboratory parame-
ters (FC and CRP), only a moderate positive agreement 
(ρ=0.505, p<0.001) was found between FC levels and 
CE SES- CD in the colon and a low positive agreement 
(ρ=0.320, p=0.003) in the TI. No correlation was found 
between CRP levels and disease severity levels in any 
other segment of the bowel.

Patency and capsule completion rate
MRE was completed in 151 subjects and 37/151 (25%) 
had evidence of strictures. A patency capsule study was 
further completed in 34 subjects. Patency was confirmed 
in 19/34 (56%) subjects. Of the 119 patients who swal-
lowed the CE, 1 patient requested and had CE removed 
from the stomach with an oesophagogastroduodenos-
copy due to worsening anxiety with testing (documented 
as an AE). In 16 patients, the CE was removed at the time 
of colonoscopy (CE had not passed spontaneously at the 

time of planned IC). One patient retained the capsule 
endoscopy (more than 14 days). In this patient, CE was 
retrieved at the time of second colonoscopy with dila-
tion of a narrowing at the ileocolonic anastomosis. The 
median duration of capsule intestinal transit time was 
6 hours 49 min.

Patient compliance
Subjects received a baseline and three additional bowel 
preparation alerts per the CE system alert regimen 
(online supplementary table 3). Out of 119 subjects 
who underwent the CE procedure, 99.2% (118/119) of 
patients received the alerts. Of 118 subjects who received 
the alerts, 98% (117/118) took the appropriate actions 
for the first alert (ie, additional bowel preparation solu-
tion or booster according to protocol within the allotted 
time), 77% (91/117) were compliant with the second 
alert, and 60% (71/117) were compliant with the third 
alert. Two patients excluded in this analysis were subjects 
who had device deficiencies and did not receive partial 
or all alerts.

colon cleansing level
CE cleansing levels were considered adequate by the CE 
central readers in 79% of cases in the PSB, 90% in the 
TI, and 64% in the colon, using a 4- point grading system 
(inadequate=poor/fair and adequate=good/excel-
lent).21 The IC central readers rated the cleansing levels 
similarly adequate, 88% in the TI and 77% in the colon. 
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Figure 2 (A–D) Subject with active disease in the terminal 
ileum by MRE (MaRIA score 15.74) and negative findings 
according to both CE and IC (SES- CD of 0 in the terminal 
ileum and colon). (A) and (B) demonstrate normal CE and 
IC images. (C) and (D) demonstrate MRE images of the 
terminal ileum. After review of all images and laboratory 
data, the consensus panel determined that the terminal 
ileum did not have active inflammatory Crohn’s disease. CE, 
capsule endoscopy; IC, ileocolonoscopy; MaRIA, Magnetic 
Resonance Index of Activity; MRE, magnetic resonance 
enterography; SES- CD, Simple Endoscopic Score for 
Crohn’sDisease.

There were no cases where an assessment could not be 
completed due to inadequate cleansing levels.

Patient satisfaction
After completing the last procedure (IC), subjects were 
requested (either in person or via telephone) to answer 
a patient satisfaction questionnaire on which procedure 
they preferred (CE, IC, or IC±MRE combined) as a disease 
monitoring procedure. Of 118 subjects who completed 
the questionnaire, 54% of patients preferred CE, 36% 
preferred IC, and 9% preferred the combined modali-
ties of IC+MRE. The most common reasons for those 
who preferred CE were no need for sedation (33%), no 
need for a driver (33%), single procedure to see all intes-
tines (32%), no need for intravenous access (32%), and 
were able to move around during the procedure (32%). 
The most common reasons for preferring IC were most 
familiar with it (25%), ability to biopsy (16%), and it is a 
standard procedure (16%).

summary of aes
There were a total of seven serious AEs (SAEs) in 16/119 
(13%) subjects who underwent all three tests (online 
supplementary table 6). Of the SAEs, two were severe; 
one subject who had abdominal pain developed a partial 
bowel obstruction which was later deemed to be related to 

the capsule with retention at an ulcerated stricture. The 
second subject had worsening pain and was hospitalised 
for sigmoid resection due to perforation; however, this was 
determined to not be capsule related as the subject had 
passed CE and completed IC without complications. Both 
subjects had recovered/resolved from the events. No AEs 
were related to the patency capsule or the MRE procedure.

dIscussIon
Treating, diagnosing, and monitoring patients with 
Crohn’s disease is a daunting clinical challenge. IC often 
must be combined with MRE or CTE to assess the small 
bowel and colon.7 Despite this strategy, concerns exist 
about missing subtle upper gut and PSB disease. When 
active Crohn’s disease is unrecognised, alternate diag-
nostic tests are often wrongfully ordered to evaluate 
for other conditions. In addition, the current Crohn’s 
disease assessment approach requires multiple tests typi-
cally performed on separate days.22 With this in mind, CE 
may allow clinicians and patients a simplified method to 
better evaluate what is often under evaluated and under-
appreciated: small bowel disease activity.

This study revealed the exceptional performance char-
acteristics of panenteric CE when compared with MRE 
and/or IC. In regard to the primary aim of the study, the 
sensitivity of the CE was equal (no statistical difference) or 
better than MRE and/or IC in the overall intestinal assess-
ments and in each of the analysed segments. This is the first 
prospective multicentre study to reveal these findings. Addi-
tionally, the specificity of CE was superior to MRE in the 
small bowel, and similar to IC in the TI and colon. These 
results would suggest the need to create a prominent role 
for panenteric CE in Crohn’s disease diagnostic and moni-
toring algorithms as well as provide additional evidence on 
the role of using panenteric CE in patients with Crohn’s 
disease, which is currently scarce.4 23–25

Additional potential cost and risk benefits to patients 
with Crohn’s disease are suggested by this trial. Patients 
with inflammatory bowel disease have a significant 
number of workdays lost per year just due to disease 
activity, testing preparation, test administration, and 
recovery.26–30 CE could potentially attenuate this burden 
by reducing the number and days of testing. These results 
also demonstrate panenteric CE to be safe in patients 
with non- stricturing Crohn’s disease as well as having a 
high patient preference. Only one case of CE retention 
occurred and was retrieved after a second colonoscopy 
with stricture dilation. In addition, the inherent risks of 
sedation and endoscopy are avoided with CE.

Several limitations to this study should be noted. 
First, the results apply to patients with Crohn’s disease 
with mild non- stricturing disease. Bias could exist for 
the reported performance estimates for all modalities 
given the mild disease (eg, patients demonstrating stric-
tures with inflammation were excluded by MRE prior 
to CE assessment). Moderate to severe disease was only 
identified by MRE MaRIA in the TI. Second, the low 

https://dx.doi.org/10.1136/bmjgast-2019-000365
https://dx.doi.org/10.1136/bmjgast-2019-000365
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specificity (high discrepancy rate) for MRE in the TI is 
reported. This could be the result of altered perfusion 
(previous ileocecal surgery, n=22), high MaRIA scores 
in the absence of convincing wall thickening (eg, poten-
tially due to near- field artefacts), differences in the iden-
tification of ulcerations or intramural oedema, and the 
relatively small number of patients without TI inflamma-
tion. The concept of intramural disease has now been 
well described with MRE and CTE,6 31 and isolated find-
ings of intramural inflammation by MRE with normal 
ileoscopic findings can exist.32 However, in this study, 
the reference standard in cases of discrepant numerical 
indices required radiologist review of MRE images, and 
acknowledgement that the images and preponderance 
of evidence indicated inflammation was absent. The use 
of a consensus panel as the reference standard when 
discrepancies occurred is to take advantage of the diag-
nostic advantages of each modality (eg, mucosal visualisa-
tion for IC, display of the intestinal wall, and perienteric 
tissues for MRE), but should also be acknowledged as a 
potential limitation given questions about validity and 
reproducibility of this methodology.

Lastly, the potential non- specific features of Crohn’s 
disease on CE and other testing modalities should be 
noted as a potential limitation.

This study demonstrates the powerful potential of 
panenteric CE to provide accurate Crohn’s disease 
assessments. Furthermore, CE in this population was 
noted to be a safe alternative to multiple modality 
testing. Panenteric CE should be considered for util-
isation in non- stricturing Crohn’s disease evaluations.
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