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Background and aims: Capsule endoscopy (CE), magnetic resonance enterography (MRE) and small bowel
(SB)intestinal contrast ultrasound (SICUS) are the modalities of choice for SB evaluation. This study aimed
to compare the diagnostic yield (DY) of CE to MRE and SICUS in detection and monitoring of SB CD through
meta-analysis of the available literature.

Methods: We performed a systematic literature search for trials comparing the accuracy of CE, MRE and
SICUS for detection of active SB inflammation in patients with suspected and/or established CD. Only
prospective studies comparing CE with another additional diagnostic modality were included in the final
analysis. Pooled odds ratios (ORs) for the DY of the three modalities were calculated.

Results: A total of 112 studies were retrieved; following selection, 13 studies were eligible for analysis.
The DY of CE for detection of active SB CD was similar to that of MRE (10 studies, 400 patients, OR 1.17;
95% CI 0.83-1.67) and SICUS (5 studies, 142 patients, OR 0.88; 95% CI 0.51-1.53). The outcomes were
similar for the subgroups of suspected versus established CD and adult versus pediatric patients. CE was
superior to MRE for proximal SB CD (7 studies, 251 patients, OR 2.79; 95% CI 1.2-6.48); the difference vs
SICUS was not significant.

Conclusion: CE, MRE and SICUS have similar DY for detection of SB CD in both suspected and established
CD. CE is superior to MRE for detection of proximal SB disease, however the risk of capsule retention

should be considered.
© 2017 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Crohn'’s disease (CD) may involve any part of the gastrointesti-
nal (GI) tract. The small bowel (SB) is most commonly affected
in at least 70% of patients, while in 30% CD is limited to the SB.
The involved SB segments are frequently proximal to the ter-
minal ileum and thus inaccessible to conventional endoscopic
evaluation [1]. Nowadays, several modalities are available for SB
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assessment e.g. capsule endoscopy (CE), computer tomography
(CT)-enterography, magnetic resonance enterography (MRE) (with
several different techniques and protocols such as MR enteroclysis
and diffusion-weighted MRE), and small bowel ultrasound (includ-
ing SB contrast-enhanced ultrasound (SICUS)). Nevertheless, each
of the aforementioned modalities has its own strengths and limi-
tations.

Due to concerns of repeated radiation exposure, MRE is pre-
ferred to CTE for routine elective assessment of the SB [2]. A recent
meta-analysis by Dionisio et al. demonstrated the superior diagnos-
ticyield (DY) of CE to CTE and SB follow-through (SBFT), while there
was no significant difference between the accuracy of MRE and CE
[3]. Since then, several new studies incorporating novel diagnostic
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Fig. 1. Flow chart detailing process of study selection.

techniques have been published. This study aimed to compare the
DY of CE, MRE and SICUS in detection and monitoring of SB CD by
performing a systematic review and meta-analysis of the current
literature.

2. Methods

A comprehensive literature search was conducted in July 2016
using the PubMed and Embase databases (January 2000-July
2016). In order to capture as many citations as possible, a broad
search strategy was employed by combining the terms “capsule
endoscopy”, “magnetic resonance”, “ultrasound”, “small bowel”
and “Crohn’s disease” OR “inflammatory bowel disease” (as key-
words and MeSH headings). References of the included studies and
relevant reviews were scanned for additional suitable publications
(Fig. 1).

For a study to be included in this meta-analysis, the following
criteria were considered necessary:

a) Prospective studies

b) Studies comparing CE to either MRE or SICUS or both.

c) Published in full form in peer-reviewed literature in English

d) Including at least 10 patients undergoing CE

e) Studies that did not have CE as one of the diagnostic modalities
were excluded.

Data extraction and quality control were performed indepen-
dently by 4 reviewers (SV, TE, LK, DY). Two expert reviewers (IK, AK)
were involved if there was any uncertainty about the data. Where
additional data were required, primary (first and/or senior) authors
of the corresponding manuscript(s) were contacted by email with
the relevant questions.

2.1. Outcome measures
e For detection of lesions, we used number of findings detected by

each modality as per specific criteria. As there is no established
gold = standard modality for detection of small bowel inflamma-

tion, we considered all detected findings on either modality as
positive. We calculated the DY both as “per protocol” (number of
positive examinations out of total number of patients tested) and
“intention to treat” (ITT) (number of positive examinations out of
total number of patients referred), for patients excluded from CE
due to SB strictures or other contraindications but evaluated by
an alternative modality.

e The primary analysis was DY of CE vs MRE or SICUS for
detection of SB disease in suspected and/or established CD.
Secondary subgroup analyses were: suspected/established CD,
pediatric/adult and analysis of only studies with a low risk of
bias. Diagnostic yield was calculated separately for the proximal
(jejunum/proximal ileum) and distal (terminal/distal ileum) SB
when possible. Any colonic data was excluded from analysis.

2.2. Statistical analysis

Data on the DY of CE were extracted, pooled, and ana-
lyzed. Pooled results with corresponding odds ratios (OR) and
95% confidence intervals (CI) were derived using the fixed
effects model (Mantel-Haenszel method) unless significant het-
erogeneity was detected, in which case, a random-effects model
(DerSimonian-Laird) was used. We used the Q statistic of x? test
and I? to estimate the heterogeneity of individual studies con-
tributing to the pooled estimate. P<0.05 suggests the presence of
heterogeneity beyond what could be expected by chance alone. 2
describes the percentage of total variation across studies attributed
to heterogeneity rather than chance. An I? of 20-50% suggests mod-
erate and I? > 50% high heterogeneity. Forest plots were constructed
for visual display of individual studies and pooled results [4]. The F-
statistic was used to determine significance in repeated measures
ANOVA. P<0.05 for the F-statistic was considered statistically sig-
nificant [5]. Planned sensitivity analyses included pediatric studies
and studies with low risk of bias. Statistical analysis was performed
by using the Metan package of STATA version 12.1 (StataCorp, Col-
lege Station, Tex).

2.3. Assessment of study bias

Methodological quality and potential bias of the included stud-
ies was evaluated by using the QUality Assessment of Diagnostic
Accuracy Studies (QUADAS) 2 scale [6].

3. Results

The initial search yielded 112 publications. After review of
titles and abstracts, 88 papers were excluded for the follow-
ing reasons: reviews/editorials/letters/opinion papers (n=78), case
reports (n=4), not in English language (n=1), not using CE (n=5).
Twenty four papers proceeded to full-text review, following which
11 papers were excluded for the following reasons: same patient
cohort as another included study [7-10] (n=4), retrospective [11]
(n=1), mixed indications [12]| (n=1), data presentation did not
allow for comparison between modalities [13] (n=1), inadequate
sample size [14] (n=1); cost-effectiveness study [15] (n=1); stud-
ies using patency and not diagnostic CE [16,17] (n=2).

3.1. Characteristics of the included studies

Thirteen studies (500 patients) were included (Table 1). All
studies were of European origin: (1- Denmark [18] (n=1), the
Netherlands [19] (n=1),Israel [20] (n=1), Germany [21-24] (n=4),
Italy [25-30] (n=6)). Three studies involved pediatric patients
[25,27,28], while the rest evaluated adult patients only. Two stud-
ies included only patients with suspected CD [27,29], five studies



Table 1
Summary of included studies in this metaanalysis.
Authors, reference Country Paediatric/ Suspected/ Modality Total patients  CE results CE retentions MRE technique MRE diagnostic MRE results US diagnostic ~ US
Adult established compared (+ve/total) criteria (+ve/total) criteria results
CD with CE (+ve/total)
Albert et al. [24] Germany Adult Both MRE 52 25/27 0 Enteroclysis >4 mm SB wall 32/52 - -
Est: 27 Est: 13/14 thickening & Est: 22/27
Susp: 25 Susp: 12/13 enhancement Susp: 10/25
Golder et al. [22] Germany Adult Established MRE 16 11/15 0 Enteroclysis SB wall thickening, 9/15 - -
mesenteric
injection, enhanced
LNs
Biancone et al. [26] Italy Adult Established us 22 16/17 0 - - - >3mm SBwall 22/22
thickening,
“stiff loop”, SB
dilation
>2.5cm,
stricture <1 cm,
fistulas,
abscesses,
mesenteric
enlarge-
ment/masses
Tillack et al. [23] Germany Adult Established MRE 19 18/19 0 Enteroclysis >4 mm SB wall 18/19 - -
thickening &
enhancement,
submucosal
edema, deep
ulcers/fissures,
cobblestone
pattern, enhanced
LNs
Bocker et al. [21] Germany Adult Both MRE 21 9/21 NS Enterography  SB wall thickening 6/21 - -
& enhancement,
edema, mesenteric
injection, ‘creeping
fat sign’, prominent
LNs
Petruzziello et al. [30]  Italy Adult Established us 32 30/32 1 - - - >3 mm SBwall 30/32
thickening,
“stiff loop”, SB
dilation
>2.5cm,
stricture <1 cm,
fistulas,
abscesses
Casciani et al. [27] Italy Paediatric ~ Suspected MRE 60 10/37 0 Enterography >3 mm SB wall 19/60 - -
thickening &
enhancement,

oedema, stratified
appearance on
contrast-enhanced
T1-weighted
fat-suppressed,
stricture, comb
sign, enhanced LNs,
fistula, abscess,
intraperitoneal
fluid
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Jensenetal. [18]

Petruziello et al. [29]

Wiarda et al. [19]

Aloi et al. [25]

Kopylov et al. [31]

Oliva et al. [28]

Denmark Adult

Italy Adult

The Adult
Netherlands

Italy Paediatric
Israel Adult
Italy Paediatric

Both

Suspected

Both

Both

Established

Established

MRE

us

MRE

MRE & US

MRE

MRE & US

93

30

38

25

77

38

24/80

12/30

6/25

16/25

44/52

19/38
*CCE

0 Enterography
1 -

1 Enteroclysis
0 Enterography
0 (17 pts Enterography
excluded

following

patency capsule)

0 Enterography

Mucosal ulceration,  22/80
>6mm SB wall

thickening &

enhancement,

stenosis, creeping

fat, dilated vasa

recta, abscess, fistula

>4 mm SB wall 16/38
thickening,

intramural &

mesenteric edema,

mucosal hyperemia,

wall enhancement,
ulcerations, fistula

>3 mm SB wall 15/25
thickening &

enhancement,

edema, stratified
appearance on
contrast-enhanced
T1-weighted

fat-suppressed,

strictures <10 mm,

comb sign, enhanced

LNs, fistula, abscess,
intraperitoneal fluid

>3 mm SB wall 40/52
thickening &

enhancement,

luminal stenosis

>80%, pre-stenotic

dilatation >2.5cm

>3 mm SB wall 19/38
thickening &

enhancement,

edema, stratified
appearance on
contrast-enhanced
T1-weighted

fat-suppressed,

strictures <10 mm,

comb sign, enhanced

LNs, fistula, abscess,
intraperitoneal fluid

>3 mm SB wall
thickening, “stiff
loop”, SB
dilation >2.5cm,
stricture <1 cm,
fistulas,
abscesses

>3 mm SB wall
thickening, loss
of stratification
of bowel wall,
“stiffness”,
strictures, thick-
ened/hyperechoic
mesentery,
enlarged LNs,
stenosis <1 cm,
SB dilatation
>2.5cm

NS (standard)

12/30

16/25

21/38

Abbreviations: CCE, colon capsule endoscopy; CD, Crohn’s disease; CE, capsule endoscopy; LN, lymph node; MRE, magnetic resonance enterography; NS, not specified; SB, small bowel; SICUS, small intestine contrast ultrasonography;

US, ultrasonography.
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a CE MRE Odds Ratio QOdds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Albert 2005 5 w 35 52 5000 6.07 (1.2, 28.68)
Aloi 2015 1% P13 15 5 9,060 119 0.38,3.72) B
Bocker 2016 9 u 3 u .29 188 (0.52, 6.%) 1T
Casciani 2011 10 37 19 60 13.9% 0.80 10.32, 1.98)
Golder 006 1 15 9 15 5.100 183(0.39,8.57) -
Jensen 2011 U 80 2 80 3.1% 113 0.57, 2.24) -+
Kopylov 2015 44 L}] 40 52 118% 165 [0.81, 4.45) I
Oliva 016 19 38 15 38 14.1% 1.00 (0.4, 2.46) I
Tillack 2008 18 19 18 13 1,560 1.00 (0.0¢, 17.25) - ]
Wiarda 2011 3 25 13§ 38 9,300 0.43 0.14, 1.33) E—
Total (95% Cly 339 0 100.0% 117 (0.83,1.67) ’
Total events 182 199
Heterogeneity: Tau® =0.02; Chi® =9.48, tf =9 (P =0.39); IF =5% : ? t i
0.001 0.4 1 10 1000

Test for overall effect: Z =089 (P =0.37)

Favours MRE Favours CE

b CE us Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl

Aloi 2015 % 8 %8 AW 1,00 [0.32, 3.47) -

Biancone 2007 % a7 2 on 6w 0.24 [0.01, 6.39)

Oliva 201 1 38 a8 3830 0.81 0.3, 1.99]

Petruzziello 2010 RN 00 32 69% 100 [0.13, 7.57)

Petruzziello 2011 1 30 30 %% 1.00 [0.36, 2.81)

Total (§5% Cly 192 197 1000% 0.88 (051, 1.53)

Total events 93 101

Heterogeneity: Chi* =0.75, df =4 (P =0.95; F =08 ’ ? ' f 5
0.001 0.1 1 10 1000

Test for overall effect: Z =0.46 (P =0.45)

Favours CE Favours US

Fig. 2. Diagnostic yield of capsule endoscopy, magnetic resonance enterography and ultrasound for small bowel Crohn’s disease. (a) CE vs MRE; (b) CE vs SICUS.

established CD only [20,22,23,28,30]; the rest included both sus-
pected and established CD. Two studies compared all three of the
modalities [25,28], while 8 compared CE to MRE and 3 to SICUS.

3.2. Comparison of diagnostic modalities

3.2.1. Primary analysis: CE vs MRE and US for detection of small
bowel disease in both suspected and established CD

On per protocol analysis, the DY of CE was similar to that
of MRE (10 studies, 400 patients, OR 1.17; 95% CI 0.83-1.67;
P=0.37; I>=5%) and SICUS (5 studies, 142 patients, OR 0.88; 95%
Cl 0.51-1.53; P=0.65; I> =0%) (Fig. 2). The QUADAS-2 analysis is
shown in Table 2; studies were generally of good quality with low
risk of bias.

3.2.2. Secondary analyses

The DY of CE was similar to that of MRE (2 studies, 85 patients,
OR3.24;95%C10.14-72.76; P=0.46; I> = 86%) and SICUS (1 study, 30
patients, OR 1.00; 95% C1 0.36-2.81; P=1.00; I2 =NA) for suspected
CD; results were similar for established CD compared to MRE (5
studies, 152 patients, OR 0.88; 95% CI 0.53-1.48; P=0.63; I =48%)
and SICUS (3 studies, 92 patients, OR 0.57; 95% CI 0.27-1.20;
P=0.09; I2 =67%) (Fig. 3). Furthermore, the DY of CE was also simi-
lar to MRE when the analysis was stratified by age group (adult vs
pediatric) (Fig. 4) or when limited to studies with low risk of bias
(Supplemental material).

CE was superior to MRE for the detection of proximal SB dis-
ease (7 studies, 251 patients, OR 2.79; 95% CI 1.2-6.48; P=0.02;
2=68%;); this was not significantly different to distal SB DY (7
studies, 251 patients, OR 0.91; 95% C1 0.50-1.63; P=0.09; I? =67%;).
There was a trend for a superior accuracy for CE vs US for detection
of proximal small bowel disease, however the comparison did not
reach statistical significance and was based on a small number of
patients (3 studies, 95 patients, OR 2.76; 95% C1 0.84-9.02; P=0.09;
2=67%;) (Fig. 5).

The results remained similar when the analyses were repeated
for ITT instead of per-protocol analysis (Supplemental material).

4. Discussion

As the SB is involved in over 70% of CD patients, its thorough
evaluation is vital for initial diagnosis, establishing disease pheno-
type, and assessment of mucosal healing and prognosis [31-33].
Previous work has shown that CE was superior to CTE and SBFT,
but not MRE [3]. Since then, several further studies have been pub-
lished.

The results of our meta-analysis suggest a similar diagnostic
yield for detection of SB inflammation by CE, MRE and SICUS.
Therefore no diagnostic modality can currently be considered a
“gold-standard” for SB evaluation. The accuracy was similar for
patients with suspected and established CD. However, the superior
accuracy of CE for detection of proximal SB disease may have an
important prognostic value, as proximal SB involvement is asso-
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itv. Chi® = 24P =01 F= } } : {
l;ett:;ogenelty[.l cr:n t_;zs. df =4 (P =0.12; IF =45% 0001 o H 100
estfor overall effect: Z=0.43 (P =043 Favours (experimental) Favours (controll
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed,$5% Cl M-H, Fixed, 95% CI
Biancone 2007 16 23 n 2 3% 0.06 [0.00, 1.07) & i
Oliva 2018 19 38 u 38 56.0% 0.81 [0.33,1.99)
Petruziello 2010 30 32 30 3 100% 1.00 10.13, 7.57) -1
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0.001 0.4 1 10 1000

Testfor overall effect: Z =147 (P =0.14)

Favours (experimental) Favours (control)

Fig. 3. Diagnostic yield of capsule endoscopy, magnetic resonance enterography and ultrasound for suspected (a) and established (b) small bowel Crohn’s disease.

Table 2

Quality assessment of diagnostic accuracy studies (QUADAS) 2 for the included studies. ® denotes significant risk of bias,

unclear risk of bias and @ low risk of bias.

859

Item 3: risk of bias  Item 4:

in conduct or

Item 2:
representative

Item 1: risk of bias
in pt selection?

Author, reference

applicability of

Item 7: risk of
bias from pt

Item 6: does the
target condition

Item 5: risk of bias
from conduct or

pt spectrum? interpretation of index test (MRE interpretation of match the review flow?
index test (MRE and/or SICUS) to reference standard  question?
and/or SICUS)? review question? (CE)?
a a a a a a a
.y ) ) ) ~ ~
¥ 2 2 2 2 2 2 2
2 2 a 2 a 2 2
S o o o o o

Abbrev:atlons CE capsule endoscopy; MRE, magnetic resonance enterography; pt, patient; SICUS, small intestinal contrast ultrasonography.
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Test for overall effect: Z =0.16 (P =0.89)
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Total events 182 199
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Test for overall effect: Z=0.28 (P =0.79)
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0.001 0.1 1 10 1000
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Fig. 4. Diagnostic yield of capsule endoscopy, magnetic resonance enterography and ultrasound for small bowel Crohn’s disease in pediatric and adult patients (a) CE vs
MRE; (b) CE vs SICUS.
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Fig. 5. Diagnostic yield of capsule endoscopy, magnetic resonance enterography and ultrasound for proximal and distal small bowel Crohn’s disease. (a) proximal small
bowel (b) distal small bowel.
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ciated with a higher risk of surgery [34]. This disease location
is frequently underestimated during the initial assessment; nev-
ertheless, CE may detect active inflammation in the jejunum or
proximal ileum in over 50% of patients with established CD [35].
The currently accepted Montreal classification does not specifically
address proximal SB disease location [36], which is better reflected
in the pediatric Paris classification (L4b) [37]. The assessment of dis-
ease severity and extent is essential for diagnostic categorization
and management planning in pediatric inflammatory bowel dis-
ease.Indeed, in the latest guidelines for management and diagnosis
of pediatric IBD, SB evaluation is encouraged in all of the patients
with suspected IBD, and it is essential in pediatric patients with
established CD, IBD-U, or atypical UC. For this reason, in children
the higher DY and the lack of invasiveness of CE should be taken
into account before SB evaluation. Conversely, there is no evidence
to support modification of the treatment strategy in adult patients
with proximal SB disease.

Diagnostic modalities evaluated in our meta-analysis are all
well-established and extensively evaluated for detection and
follow-up of small bowel Crohn’s disease .The current ECCO/ESGAR
guidelines support the use of MRE, US and CE for these pur-
poses, although evaluation of small bowel patency is required
before utilization of CE in established CD [35]. The main pur-
poses of diagnostic evaluation in established CD are validation
of disease characteristics, establishement of prognosis, moni-
toring of mucosal healing and identification of complications
[7,20,31,32,38-41]. All the evaluated diagnostic modalities have
their distinct diagnostic strengths and disadvantages. However,
selection of a diagnostic modality takes into consideration addi-
tional variables such as local expertise, availability and resources.
A recent Italian study comparing diagnostic strategies for CD sug-
gested that ileocolonoscopy followed by SICUS may be the most
cost-effective strategy [ 15]; however this may not necessarily hold
true when different reimbursement schemes or different pretest
probabilities are considered. Moreover, patient preference may
have a major impact on adherence with any monitoring strategy,
especially since CD patients are likely to require multiple diagnos-
tic procedures during the course of the disease. A recent study that
compared patients’ discomfort associated with MRE and CE clearly
demonstrated that CE was significantly better accepted and associ-
ated with less discomfort both during preparation; moreover, the
patents were more likely to agree to CE as a follow-up procedure
[9]. As CE is associated with a certain risk of capsule retention
in patients with SB CD, an evaluation of SB patency with cross-
sectional imaging is recommended before the procedure [42]. This
approach lead to a significant decrease in a rate of capsule reten-
tions reported in the recent literature (1.3-2.6%) as compared to the
older studies that suggested a much higher risk of retention of up to
13%[31,36,43-47].The perceived risk of retention lead to the exclu-
sion of patients with suspected strictures from most of the studies;
although in some of the studies imaging results were available
for all patients, the majority reported both CE and imaging results
only for patients eligible for all modalities. Therefore, in this meta-
analysis we have used both a “per-protocol” and “ITT” analysis
where possible, with no significant changes between the analyt-
ical strategies. Importantly, the patency capsule was used in only 2
studies [19,20]; capsule retentions were rare (pooled incidence of
4/500 patients, 0.8%) and consistent with previous studies [31].

Most of the limitations of our study are inherent to all diagnostic
meta-analyses and include heterogeneity in diagnostic protocols,
diagnostic criteria and patient selection. There was lack of a “gold-
standard” modality for detection of SB CD, therefore most of the
included studies compared the modalities against each other. Thus,
a calculation of estimated sensitivity and specificity for the modal-
ities was impossible due to a lack of gold-standard modality for
which the results obtained by either modality could be compared.

An additional limitation of our analysis is that we limited it to stud-
ies using CE as a comparator. Alternative diagnostic techniques for
the modalities discussed in the study are available and some are
well established for diagnosis and monitoring of CD (such as dif-
fusion weighted MRE, bubble-enhanced or non-contrast enhanced
intestinal US), however we could not discuss those as there was no
sufficient data for comparison with CE [48-50]. As for CT enterog-
raphy, a previous analysis by Dionisio et al. performed a thorough
analysis of its accuracy as compared to VCE [3]. With the dimin-
ishing use of CTE for routine CD evaluation due to a concern of
radiation exposure and a small number of new comparative studies,
we considered an additional analysis to be redundant at this point.

Several studies chose to compare the results to an “expert panel”
who corroborated the results of all diagnostic tests with clinical
follow-up; the validity of this strategy is unclear; however it should
be noted that CD is routinely diagnosed using a constellation of
clinical, endoscopic and imaging criteria (e.g. the Lennard-Jones
criteria) [51] and not by a single finding. This is reflected in the
heterogeneity of clinical disease definitions of different modalities,
especially for CE. Most studies did not use a validated endoscopic
score (Lewis score [52] or Crohn’s disease capsule disease activity
index [53]) but relied on pathognomonic features which may be
non-specific in milder cases. This limitation also limited our ability
to discuss the diagnostic accuracy for evaluation of mucosal heal-
ing Moreover, the MRE protocols and sequences differed between
the studies. Conversely, all studies comparing CE to US originated
from a single country (Italy) and implied a single technique (SICUS).
Thus, these results are not applicable to other intestinal ultrasound
techniques. In summary, our results demonstrate that CE, MRE and
SICUS have similar DY for the detection of SB CD; none of the
modalities can be considered superior over the others and their
utilization should be tailored to the specific clinical situations. CE
is the preferred modality for detection of proximal small bowel
involvement. This advantage needs to be weighed against a small,
but non-negligible risk of capsule retention
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