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Abstract

Background and aims: The classification of Crohn’s disease (CD) is usually determined at initial
diagnosis and is frequently based on ileocolonoscopic and cross-sectional imaging data. Advanced
endoscopic and imaging techniques such as small-bowel video capsule endoscopy (VCE) and
magnetic resonance enterography (MRE) may provide additional data regarding disease extent
and phenotype. Our aim was to examine whether VCE or MRE performed after the initial diagnosis
may alter the original disease classification.

Methods: Consecutive patients with known small-bowel CD in clinical remission or mild disease
were prospectively recruited and underwent MRE and VCE (if small-bowel patency was confirmed
by a patency capsule (PC). Montreal classifications before and after evaluation were compared.
Results: Seventy-nine patients underwent MRE and VCE was performed in 56. Previously
unrecognized disease locations were detected with VCE and MRE in 51 and 25%, respectively (p
< 0.01) and by both modalities combined in 44 patients (55%). Twenty-two patients (27%) were
reclassified as having an advanced phenotype (B2/B3). MRE and VCE reclassified the phenotype in
26 and 11% of cases, respectively (p < 0.05). Overall, both modalities combined altered the original
Montreal classification in 49/76 patients (64%).

Copyright © 2016 European Crohn’s and Colitis Organisation (ECCO). Published by Oxford University Press. All rights reserved. 525
For permissions, please email: journals.permissions@oup.com


http://www.oxfordjournals.org/
mailto:urikopylov@gmail.com?subject=

526

T. Greener et al.

Conclusion: VCE and MRE may lead to reclassification of the original phenotype in a significant
percentage of CD patients in remission. VCE was more sensitive for detection of previously
unrecognized locations, while MRE was superior for detection of phenotype shift. The described
changes in the disease classification may have an important impact on both clinical management

and long-term prognosis in these patients.
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1. Introduction

The Montreal classification was introduced in 2005 and is cur-
rently regarded as a standard for classifying Crohn’s disease (CD) in
adults.? This classification is usually determined during the initial
diagnosis and is usually based on ileocolonoscopy.? However, small-
bowel involvement in CD is frequently proximal to the distal ileum
and is not within the reach of standard ileo-colonoscopy.*
Advanced endoscopic and imaging techniques such as small-
bowel video capsule endoscopy (VCE) and magnetic resonance
enterography (MRE) provide additional data regarding the location,
extent of luminal disease and disease phenotype.>” MRE is accurate
for the detection of strictures and extra-luminal complications.® VCE
is highly sensitive for the diagnosis of mucosal lesions, particularly
for the detection of superficial mucosal lesions, as well as proximal
lesions.*? Recently, a paediatric modification, named the Paris clas-

sification,'®

was proposed. The Paris classification uses a more accu-
rate definition of proximal small-bowel disease, along with some
additional alterations. However, it has not yet been incorporated
into adult clinical practice.

After the initial diagnosis, many patients remain clinically asymp-
tomatic on therapy. This, however, does not ensure sustained control
of mucosal inflammation and structural intestinal damage. It is well
known there is often no correlation between symptoms and progres-
sion of anatomic damage.'! Persistent low-grade inflammation and
ongoing bowel damage may potentially lead to deviation from the
original classification regarding disease location and phenotype.

Close monitoring of CD patients in remission or with mild dis-
ease activity might help identify patients at risk of subsequent dis-
ease relapse and/or complications.'”” Colonoscopy is inconvenient
and often unacceptable by patients, and has low accessibility to the
proximal small bowel.

The classification of CD is important in prediction of the dis-
ease course and selection of management strategy. Data from sev-
eral cohorts suggest that ileocolonic location and/or the presence of
penetrating disease is associated with a high risk of disabling disease

13-15 Other studies have shown

within the first years after diagnosis.
that the presence of proximal small-bowel disease is strongly associ-
ated with an increased risk of relapse and complicated disease.!®'®
Therefore, our aim was to examine whether VCE and/or MRE per-
formed in CD patients in remission or with mild disease activity can

identify changes that will modify the original disease classification.

2. Methods

2.1. Patient population

The study population included adult (>18 years) consecutive CD
patients with known small-bowel disease in remission or experiencing
mild disease symptoms, as determined by the validated Crohn’s disease
activity index (CDAI) of <150 or 150-220, respectively. In order to be
included, patients had to be in steroid-free remission for 3-24 months

and to have been treated with a stable medication dose (60 days for
thiopurines and methotrexate, 60 days for infliximab, 30 days for
adalimumab and for S-aminosalicylic acid [5-ASA] agents).

Patients were excluded if they were unable to understand or
provide informed consent; had severe comorbidities such as liver,
kidney neurological, metabolic or cardio-respiratory disorders not
controlled at the time of enrolment; difficulty in swallowing; a his-
tory of aspiration or dysphagia; claustrophobia or implanted metal
objects or cardiac pacemaker precluding performance of MRI; or a
known or suspected intestinal obstruction or severe stricture.

2.2. MRE studies

All patients underwent MRE upon enrolment. All MRE examina-
tions were performed using a 1.5T GE Optima MR450w scanner
with GEM Suite (GE Healthcare) with oral and intravenous con-
trast. Distension of the small bowel was obtained by using oral con-
trast: 360ml of Osmitrol 20% diluted in 1.5L of water. Patients
were instructed to drink 4 doses of 465 ml every 15 minutes for an
hour before undergoing the MRE examination. During the last 15
minutes, patients received via infusion 150 mL of saline contain-
ing 0.5mg of glucagon in a slow drip. Magnetic resonance image
acquisition was performed using a previously described protocol.'”
A board-certified abdominal radiologist (MMA) with 10 years of
experience in reading MRE reviewed all MRE examinations.

2.3. Capsule endoscopy studies
A patency capsule (PC) test was performed in all patients with active
small-bowel disease detected on MRE. If no active small-bowel dis-
ease was detected by MRE, a PC study was not performed. If a PC was
not eliminated from the small bowel within 30 hours, the patient was
withdrawn from the study. In patients with isolated small-bowel CD,
small bowel-III capsule (Given Imaging, Yokneam, Israel) was used. In
patients with established ileo-colonic CD, a colonic capsule (PillCam2
colon capsule, Given Imaging, Yokneam, Israel) was administered.
The preparation for VCE included ingestion of clear fluids only
for 24 hours prior to the procedure and a 12-hour overnight fast.
For a colonic capsule study, a split dose of 4L of polyethylene glycol
preparation was used. An additional fluid bolus was given after 2
hours from ingestion of the capsule in order to facilitate small-bowel
transit. All images were reviewed using the RAPID 8 software (Given
Imaging, Yokneam, Israel). Mucosal inflammation was quantified
using the Lewis score (LS).2° Active inflammation was defined as a
segmental LS >135. A board-certified gastroenterologist with over 10
years of experience in capsule endoscopy read the capsule videos. We
defined capsule retention in accordance with the international con-
sensus on capsule endoscopy consensus definitions.?!

2.4. Montreal classification determination
For each patient recruited to our study, a pre-study Montreal clas-
sification’” was determined according to data extracted from the
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electronic health records and extensive chart review up to the last
clinic visit before entering the study. The distribution of the dis-
ease (L) was determined by different diagnostic modalities (imag-
ing, endoscopy and VCE). Proximal disease (L4) was determined by
MRE as the presence of the active disease in bowel segments located
in the upper left quadrant. Proximal disease (L4 disease) was deter-
mined in VCE studies as LS>135 in the first or second tertile (exclud-
ing the distal/terminal ileum segments).

The phenotype (B) was established based on prior imaging or
medical history, including surgery. A new Montreal classification
was determined according to the first MRE and VCE studies per-
formed at recruitment. When the PC was retained in patients with
documented strictures on MRE, the phenotype was defined as B2.

2.5. Statistical analysis

Descriptive statistics are presented as means = standard deviations
for continuous variables and percentages for categorical variables.
Categorical variables were analysed using * and Fisher’s exact tests and
continuous variables by the z-test and the Mann—Whitney test. A two-
tailed p value <0.05 was considered statistically significant. The analysis
was performed using IBM SPSS (Version 20.0) (Armonk, NY, USA).

3. Results

3.1. Patient population
Eight-one patients were enrolled. Two were excluded before under-
going MRE (1 due to an adverse reaction to contrast material

and 1 due to a flare-up). Seven of the 79 patients who underwent
MRE were excluded before performing a VCE for variable causes
(flare-up, severe stricturing disease, withdrawal of consent). Sixteen
patients were not eligible for a VCE due to failure to excrete the PC.
Subsequently, VCE was performed in 56 patients (Figure 1).

Both tests were performed 5.7 years (range 19-0.3) after original
diagnosis. Results of previous ileocolonoscopy, cross-imaging stud-
ies CTE, MRE and VCE, before recruitment, were available in 100,
75 and 6% of the cases, respectively. Five patients had a VCE at the
initial diagnostic stage, in addition to other examinations. Baseline
demographic characteristics of all 79 patients (43% females) with
CD are shown in Table 1.

3.2. Change in disease classification

The pre-study and study Montreal classifications are described in
Figure 2. Overall, according to the findings of both modalities (VCE
and MRE) the original Montreal classification was reclassified in
49/79 patients (62%). VCE and MRE altered the original classifica-
tion in 36/79 (45.5%) and 37/79 (47%) of cases, respectively (p = 1).

3.3. Change in disease location

Previously unrecognized disease location was detected using both
modalities in 44/79 (55 %) patients; in 40 (91%) of these, new proxi-
mal disease (L4) was identified. Pre- and post-study proximal disease
location is shown in Figure 3. Eleven (14%) patients had a known
pre-study proximal disease location vs 51 patients (64%) post-
study (p < 0.01). VCE and MRE independently detected previously

2 patients excluded -
1 Adverse reaction to contrast material
1 flare -up prior to MRE

Enrolled
N=81

Severe stricturing disease — excluded
N=2

MRE
N=79

PC retained

N=16 PC

N=69

No SB disease
on MRE

N=8

Withdrew consent
N=3

Colonic Discontinued
capsule w/o d/t flare -up
prior PC N=2
N=8

VCE
N=56

Figure 1. Study inclusion flowchart. MRE, magnetic resonance enterography; PC, patency capsule; VCE, small-bowel video capsule endoscopy; SB, small bowel.



528

T. Greener et al.

Table 1. Clinical and demographic characteristics of the patients
included in the study

Male/female, 7 (%) 45/34 (57/43)

Age at diagnosis, y 2611
Disease duration, y 5.7+5.5
Smoking status, 72 (%)
Current 14 (17.7)
Never smoked 53 (67)
Former smoker 11 (13.9)
Previous surgery, 7 (%) 13 (16.4)
Perianal disease, 77 (%) 17 (21.5)
Current treatment, 7 (%) 18 (22.7)
None 23 (29.1)
5-ASA 5(6.3)
Thiopurines 20 (25)
Anti-TNF 24 (31.6)
Combined anti-TNF + thiopurines 6(7.5)

5-ASA, 5-aminosalicylic acid; TNF, tumour necrosis factor.

70
60
50
40
30
20

10

VCE MRE

VCE+MRE

Figure 2. Change in Montreal classification assessed by MRE, VCE or both.
MRE, magnetic resonance enterography; VCE, small-bowel video capsule
endoscopy.

unrecognized proximal disease location in 29/56 (51%) and 20/79
(26%) of patients (p < 0.01) (Figure 4). Evidence of active disease in
the 1st and 2nd tertiles was determined in 29 (51.7%) and 20 (35%)
of the patients that underwent VCE, respectively. Severe disease (LS
>790) in any segment was detected in 12 (21%) patients; 5/12 had
severe proximal disease. Nine (16%) patients had isolated proximal
disease on VCE; 3/9 had severe disease (LS <790).

A sub-analysis was carried out comparing patients whose initial
diagnosis was performed up to 2 years prior to recruitment com-
pared with those diagnosed earlier. In the more recently diagnosed
patients, the initial classification was modified in 66 % in comparison
to 55.5% of the cases in the group of patients diagnosed up to 2
years before recruitment (p = 0.6). In addition, no significant dif-
ference was detected between the 2 groups concerning previously
unrecognized proximal disease (51.8 and 44.2% respectively, p =
0.46). An additional comparison was made between patients diag-
nosed by ileocolonoscopy alone (19/79) with those diagnosed by
cross-imaging studies (60/74) and/or VCE (5/79) and an ileocolo-
noscopy. The number of patients reclassified according to their origi-
nal Montreal classification was similar in the 2 groups (57.7 and
53.5% respectively; p = 0.6). Additionally, new proximal disease was
detected in similar proportions of the patients (52 vs 45%, p = 0.4)

3.4. Change in disease behaviour

Twenty-two patients (27%) originally diagnosed with an inflamma-
tory phenotype (B1) were reclassified as having an advanced pheno-
type. Pre- and post-study prevalences of B2 phenotype are presented
in Figure 3. Twenty-five (31%) and 47 (59%) patients had pre-study
and study stricturing (B2) phenotypes, respectively (p < 0.01). MRE
and VCE reclassified the phenotype in 26 and 11% of cases, respec-
tively (p < 0.05) (Figure 4). Out of the 22 patients reclassified as
having an advanced phenotype, all had B2 disease. Three patients
(3/22) also had penetrating features (B3) that included sinus tracts
and fistulae but without an evident abscess. A sub-analysis for
change in phenotype according to date and modality of diagnosis
was performed. Patients diagnosed up to 2 years prior to recruitment
showed similar detection rates of complicated disease (26 vs 27.7%,
p = 1.0) compared with those diagnosed earlier. This was also true
in relation to modality (diagnosis with and without imaging) (23
and 26.3%, respectively, p = 0.76). Similarly, a history of smoking,
perianal disease and/or inflammatory bowel disease (IBD)-related
surgery was not found to be associated with a higher prevalence of
phenotype change (21.5 vs 20%, p = 1.0; 23.7 vs 18.1%,p = 0.9; 26
vs 14.2%, p = 0.47, respectively).

3.5. Safety

No cases of VCE retention occurred in this study. One patient had
a symptomatic temporary PC retention manifested by abdominal
pain and vomiting, and another patient had an episode of severe
abdominal pain following ingestion of oral contrast material for
MRE, resulting in exclusion from the study.

4. Discussion

The present study examined the ability of VCE and MRE to detect
changes in disease classification that occur over time in regard to
the location and behaviour of the disease in patients with quiescent
CD, or stemming from the limitations of the original modalities
employed in the initial diagnosis.

Our most important observation is that previously unrecognized
proximal small-bowel disease was detected by VCE in half of the
patients. MRE was less sensitive in detection of proximal small-
bowel disease (only 25%), but was superior for detection of phe-
notype shift. Our results are in line with several previous reports
showing similar detection rates of active proximal disease using
VCE.'$232* However, the patients in our study differed in that they
had quiescent or only mildly active disease.

The clinical relevance of our observations merits further evalu-
ation. Based on previous data, it is agreed that proximal disease in
CD patients is generally associated with more severe and compli-
cated disease.'*"'%25 However, the question of whether the detection
of proximal disease in a quiescent patient should influence the thera-
peutic management remains unanswered and will require additional
trials. It should also be mentioned that the impact of low-grade
inflammation (detected in two-thirds of our patients) on the natural
history of the disease remains to be established.

A number of studies have revealed the relatively low sensitiv-
ity of radiological imaging in the detection of proximal small-bowel
lesions.?*?% In our study, the accuracy of MRE in detecting proximal
disease coincides with this earlier data.

According to data from several clinical cohorts, CD location
remains relatively stable over time after diagnosis. However, behav-
iour phenotype progresses over time, even in patients in clinical
remission, with an increasing number of patients progressing from
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Figure 3. Pre-study and study proximal disease and fibrostenotic phenotype. L4, proximal disease; B2, fibrostenotic phenotype.
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Figure 4. Detection of previously unrecognized proximal and fibrostenotic disease with each modality. L4, proximal disease; B2, fibrostenotic phenotype; MRE,

magnetic resonance enterography; VCE, small-bowel video capsule endoscopy.

an inflammatory phenotype to stricturing or penetrating disease.>*
Up to 70% of CD patients develop either penetrating or stricturing
disease during the course of the disease.?> Similar results were pub-
lished by the IBSEN group, in which 36% had stenosing or penetrat-
ing disease at diagnosis, rising to 49 and 53% after 5 and 10 years,
respectively.’® A Belgian group reported similar results, with 46% of
the patients having a change in disease behaviour within 10 years
of follow-up.?! Monitoring of patients in clinical remission usually
includes review of their symptoms with or without calculation of
disease activity scores, and measurement of inflammatory markers
(C-reactive protein [CRP] and/or calprotectin). Small-bowel ana-
tomical damage may well go undetected under these routine fol-
low-ups.?? Previous studies have documented the poor correlation
between CRP and small-bowel endoscopic damage, with faecal cal-
protectin performing somewhat better.>>>* The present study shows
that the risk of developing stricturing and/or penetrating complica-
tions exists even when the disease is clinically quiescent. Intensive
monitoring with advanced imaging and endoscopic modalities may
potentially lead to detection of disease features associated with a
more severe prognosis. The recently published STRIDE (Selecting
Therapeutic Targets in Inflammatory Bowel Disease) initiative sug-
gests targeting the treatment by endoscopic remission and cross-
sectional imaging in patients with disease location not amenable to
endoscopic access.* In most of these patients, capsule endoscopy will
indeed provide an accurate, safe and quantitative assessment of the
proximal small-bowel mucosa.??> The Lewis score, recently validated

in established Crohn’s disease,?* provides an accurate quantification
of inflammatory activity, along with a definition of mucosal healing.
We believe that in patients with documented patency of the small
bowel, VCE will provide a more accurate assessment of the inflam-
matory lesions, especially in proximal small-bowel disease®” or when
the inflammation is relatively mild.*

Capsule retention is a concern for both providers and patients
and is dependent upon the clinical indication for use. A recent meta-
analysis reported VCE retention in 2.8% of patients with suspected
or determined CD.*” In a recent real-life study, the rate of small-
bowel retention in patients with known CD approximated 2.5%.%
In our study, there were no cases of capsule retention according
to the definitions of the ICCE consensus.?! Moreover, all capsules
reached the caecum before the recording time elapsed. This is prob-
ably due to our very cautious strategy, with all patients screened by
MRE and subsequently undergoing a PC study, unless a very severe
stricture was demonstrated by MRE (leading to withdrawal from
the study) or, alternatively, no active SB was demonstrated.*' In one
patient the PC was retained, necessitating corticosteroid therapy,
with resolution.

One of the drawbacks of our study is related to the retrospective
nature of the data concerning the initial assessment of patients. Our
study cohort comprised patients that in most cases were diagnosed
several years before entering the study. Not all the patients had imag-
ing during their initial evaluation and only a few patients had an ear-
lier VCE. In many of these patients, the diagnosis was obtained using
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different equipment (a CT scanner or a different MR scanner) in another
institution and the studies were interpreted by a different reader. In
some cases, the location and behaviour characteristics may have been
changed after revision of the original studies by a different viewer, and
may not represent the true progression of the disease. However, this
limitation accurately represents the real-life nature of the present study
and the clinical challenge addressed by it, especially for referral IBD
centres that care for patients that frequently have been diagnosed else-
where. Although the Paris classification uses a more specific definition
of proximal small-bowel disease, we chose to use the Montreal classifi-
cation mainly because the Paris classification has not been validated in
adult patients. Furthermore, the presence of mild gastric and proximal
duodenal involvement could have over-diagnosed proximal CD.

In conclusion, monitoring of CD patients in remission or with
mild disease activity using VCE and MRE can safely identify
unknown new proximal involvement and progression to stricturing/
penetrating disease. Further prospective studies are required in order
to evaluate the impact of CD reclassification on long-term outcome.
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