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Abstract The role of video capsule endoscopy (VCE) in inflammatory bowel disease (IBD) has evolved
from small bowel to a panenteric evaluation tool over the past two decades. We
systematically reviewed the techniques, applications, outcomes, and complications of
VCE in IBD. A systematic literature search was performed using PubMed, Embase, and
Medline. All relevant original articles involving VCE in IBD were included from 2003 to
July 2022. After screening 3,089 citations, finally 201 references were included. The
diagnostic yield of VCE in suspected Crohn’s disease (CD) was highly variable (6–80%)
with excellent sensitivity (77–93%) and specificity (80–89%). The diagnostic yield in known
CD was 52 to 88.3% leading to a change in management (26–75%) and disease reclassifica-
tion with variable retention rates. VCE was superior to small bowel series, computed
tomography (CT) and could be better than magnetic resonance enterography (MRE),
especially for proximal and superficial lesions. Colon or panenteric VCE has strong
correlation to ileo-colonoscopy (IC) and combined magnetic resonance imaging and IC,
respectively. The VCE retention rate in CD is higher in known CD which significantly
decreases after the negative patency capsule test or CT/MRE. VCE can identify lesions
beyond the reach of IC in postoperative CD. Colon Capsule Endoscopy is a noninvasive
monitoring tool in ulcerative colitis (UC) having a strong correlation with IC andmay uncover
small bowel involvement. VCE is specifically useful in IBD-unclassified (IBD-U) which can lead
to the diagnosis of CD in 16.7 to 61.5%. Various scoring systems have been established and
validated for small bowel CD (Lewis score and capsule endoscopy CD activity index—
CECDAI), UC (capsule scoring of UC: Capsule Scoring of Ulcerative Colitis), panenteric
evaluation (Capsule Endoscopy Crohn’s Disease Activity Index, Elaikim score), and flare
prediction (APEX score). Technological advances include double head, three-dimensional
reconstruction, sampling system, panoramic view (344 and 360 degree lateral), and
panenteric capsule. Artificial intelligence and software like TOP100 and Quickview can
help reduce capsule reading time with excellent sensitivity and specificity. VCE in IBD has
widespread application in suspected and known small bowel CD, monitoring of UC,
postoperative CD, IBD-U, and for panenteric evaluation. Patency capsule testing helps to
reduce retention rates significantly. Artificial intelligence and technical advances can help
evolve this novel technology.
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Introduction

Video capsule endoscopy (VCE) is a noninvasive, widely
available, nonoperator-dependent imaging modality in in-
flammatory bowel disease (IBD) which avoids any radiation
exposure and, hence, has high patient acceptability.1,2 Al-
though initially developed for detecting small bowel disease,
the role of VCE has evolved to panenteric evaluation.3 The
role of VCE in postoperative Crohn’s disease (CD) and treat-
ment follow-up is being increasingly recognized. The draw-
backs include riskof retention and inability to procurebiopsy
and to detect extraluminal disease.4 The risk of retention can
be substantially reduced by the use of patency capsule
testing. A new recoverable sampling system (RSS) has shown
the technical feasibility of obtaining biopsy with capsule
technology, however still not in routine clinical use.5 As
newer methods of deep small bowel total enteroscopy like
novel motorized spiral enteroscopy have evolved parallel to
the development of capsule endoscopy, the positioning of
VCE in the evaluation of IBD needs reconsideration.6 Hence,
we systematically reviewed the literature to understand the
current role of VCE in evaluation and monitoring of IBD.

Materials and Methods

Search Strategy

Data Sources
For the purpose of the review, we used the PubMed, Embase,
and Medline databases.

Study Selection
All relevant original research articles involving VCE in IBD
were included for the review from 2003 to July 2022.

Interventions
We intended to evaluate the current role of VCE in the
evaluation and monitoring of IBD. We included articles
using keywords such as capsule endoscopy, inflammatory
bowel disease, Crohn’s disease, ulcerative colitis, indeter-
minate colitis, panenteric capsule, artificial intelligence,
postoperative Crohn’s recurrence, patency capsule, Lewis
score (LS), and capsule endoscopy Crohn’s disease activity
index.

Main Outcome Measures
The role of VCE in suspected and known CD, ulcerative
colitis, postoperative CD recurrence, IBD-unclassified
(IBD-U), pouchitis, role of various scoring systems, role
of artificial intelligence, and technological advances were
assessed.

Results
We screened total 3,089 citations and 502 were screened for
full test after the exclusion of articles based on title and
abstract and exclusion of duplicates. Finally, 201 citations
were included for our review excluding case reports/series/
original articles with a small sample size (less than 10
subjects unless they are addressing special circumstances/
describing novel technique or an unique complication)/letter
to editor/editorials/conference abstracts (►Fig. 1) and in-
cluding relevant articles with specific searches and selected
cross references.

Limitations
The limitations include a qualitative review of all study types
given the paucity of controlled or comparative studies and
preexisting meta-analysis of prospective studies in a few
aspects.

Fig. 1 Search strategy for systematic review.
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Results

Role of Video Capsule Endoscopy in Inflammatory
Bowel Disease

Video Capsule Endoscopy in Suspected Crohn’s Disease

Study Selection and Study Characteristics
Wehave identified 30 original articles (13 prospective) which
evaluated the role of VCE in suspected CD7–36 (►Table 1).

Results
Suspicion of CD is the most common indication of VCE in IBD
as per a Spanish physician survey.37 The diagnostic yieldwas
highly variable (6–80%) across these studies. This wide
variability can be explained by the heterogeneity of study
design, variable definitions of suspected CD, pretest proba-
bility in the subjects studied, and variable age groups
(includes pediatric). The probability was higher with an
increasing number of symptoms, elevated biochemical
markers of inflammation, anemia, and hypoalbuminemia.

Three studies evaluated the sensitivity and specificity of
VCE which were excellent (77–93% and 80–89%, respective-
ly). The positive predictive values (PPVs) and negative pre-
dictive values (NPVs) varied from 50 to 77% and 92 to 96%,
respectively. VCE retention rates varied from 0 to 12.5%. Two
meta-analyses have shown that VCE was superior to small
bowel follow through (SBFT) and ileo-colonoscopy (IC) and
comparable to computed tomography enterography (one
meta-analysis showed inferiority to VCE and another com-
parable to VCE)/MRE in the evaluation of suspected CD (see
comparative yield section).38,39

3.1.1. Capsule Endoscopy Differentiating Crohn’s Disease
from Mimics (e.g., Small Bowel Tuberculosis)
Capsule endoscopy findings should be interpreted in corre-
lation with other findings to differentiate from other similar
appearing lesions like small bowel tuberculosis (SBTB), non-
steroidal anti-inflammatory drugs enteropathy, Behcet’s dis-
ease, vasculitis, and also normal variation (10%). In a
prospective study, out of 37 suspected CD patients on VCE,
only 13% were subsequently diagnosed to have CD on 1 year
follow-up.18 On the contrary, 19% patients with nonspecific
enteritis develop CD on follow-up. High baseline LS (>135)
and clinical suspicion were predictors of the subsequent
development of CD.40

To address the aforementioned issue, a prospective study
from India in which VCE was done in 26 patients after
proving bowel patency showed that ileo-cecal valve involve-
ment and aphthous ulceration were universal in SBTB (100%
compared with 33% in CD) and CD (100% comparedwith 25%
in SBTB), respectively. Large ulcers were more common in
SBTB as compared with CD (75 vs. 47%).41

3.1.2. Factors Affecting Yield of Video Capsule Endoscopy in
Suspected Crohn’s Disease
Based on clinical symptoms, the combination of abdominal
pain and diarrheawas shown to be highly predictive of CD on

VCE. Nearly, one-third with the combination of symptoms
had CD in this retrospective analysis.42 The diagnostic yield
with only chronic abdominal pain was 20.9% based on a
systematic review.43 The independent predictive factors of
proximal small bowel involvement were ileal involvement,
stricturing behavior, and significant weight loss.44 In sus-
pected CD with negative IC and SBFT, the combination of
anemia and increased platelet count was a significant pre-
dictor of CD on VCE.45 Fecal calprotectin as a predictor of the
lesion in VCE has shown variable results in several studies
with variable cutoffs.46–60

Fecal calprotectin level >194μg/g had a sensitivity and
specificity of 47 and 90%, respectively, for diagnosing CD on
VCE.57 On the contrary, fecal calprotectin <50μg/g had a
negative predictive value of 91.8% of having CD on VCE based
on a systematic review.52

Two studies have evaluated multiple parameters for the
prediction of CD. A Spanishmulticenter study developed and
validated a scoring index based on fecal calprotectin (score
10), c-reactive protein (CRP; score 6), thrombocytosis (score
3), anemia (score 2), leukocytosis (score 2), and high eryth-
rocyte sedimentation rate.1 Score ranges 0 to 5, 6 to 15, and
�16 predicted low, intermediate, and high risk of inflamma-
tory lesions on VCE, respectively.61

Another elegant study has shown the incremental yield of
VCE with an increasing number of International Conference
on Capsule Endoscopy (ICCE) criteria. Suspected CD was
defined as clinical symptoms (chronic abdominal
pain/diarrhea, weight loss, and growth failure) plus any
one or more extraintestinal manifestations, inflammatory
markers, and abnormal imaging (SBFT/CTE). The prevalence
of CD in those with suspected CD not supported by ICCE
criteria, two criteria, and three criteria was 21.4, 52.6, and
77.8%, respectively. In those with LS �135, 82.6% had CD.62

3.1.3. Value of Repeat Video Capsule Endoscopy in Suspected
Crohn’s Disease
In a letter to the editor, Robertson et al have reported
findings of 18 patients with suspected CD who underwent
repeat VCE on follow-up. Those with nonspecific inflamma-
tion on initial VCE (33%) were more likely to have repeat VCE
suggestive of CD (33%) along with those with higher fecal
calprotectin levels.63

3.1.4. Role of Video Capsule Endoscopy in Presymptomatic
Patients
VCE has been used in first-degree relatives of CD patients to
identify those with subclinical small bowel inflammation. A
cross-sectional study in 2017 by Teshima et al showed
increased intestinal permeability, and small bowel ulcera-
tion (�3) was seen in 30 and 24% of the first-degree relatives
(n¼223) with CD. However, increased intestinal permeabil-
ity did not correlate with small bowel inflammation.64 Later,
another study by Taylor et al in 2019 involving 480 asymp-
tomatic first-degree relatives of CD has shown a risk tool
comprising family history of CD, genetic variants associated
with CD, and high level of fecal calprotectin predicted risk of
presymptomatic small bowel inflammation.65
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Role of Video Capsule Endoscopy in Spondyloarthropathy
Three prospective studies have shown a high yield of VCE
(12.5–42.2%) to diagnose CD in the established case of
spondyloarthropathy (SpA) with bowel symptoms.66–68 Ele-
vated fecal calprotectin (>100 µg/g) was the predictor of
small bowel CD (odds ratio¼4.5).68 In a case series of three
juvenile idiopathic arthritis, all caseswere diagnosed to have
CD.69

Video Capsule Endoscopy in Known Crohn’s
Disease

Study Selection and Study Characteristics
A total of 29 original articleswere identified (12 prospective)
evaluating the role of VCE in known CD.

Results
Overall diagnostic yield varied from 52 to 88.3%. The yield
was high for symptomatic CD (highest for diarrhea—73%),
whereas it was 21.1 and 4.7% only in those with
clinical remission and clinico-biochemical remission,
respectively.16,20,22–26,31,35,70–88 The incremental yield
over SBFT was 32 to 32.7% and 7% over IC. In a prospective
study in pediatric CD, the diagnostic yield of VCE (41%) was
higher than magnetic resonance imaging (MRI)/small intes-
tinal contrast ultrasonography (SICUS; 18.2%).75 The incre-
mental yield in the proximal small bowel was 28 to
50%.23,83,85 The overall change in management after VCE
varied from 21 to 71% which included treatment escalation,
deescalation, initiation of new medications (biologics/
immunomodulators), and decision for surgery.16,24,85,87

Other implications of VCE in known CD are reclassification
of disease phenotype (11%), assessment of mucosal healing
posttherapy, and prediction of relapse (higher with jejunal
disease).78,82,84 Clinical and biochemical improvement can
predict mucosal healing in less than half (none at 2 weeks,
42% at 52 weeks) of the patients.89–91 The rate of retention
varied from 2.1 to 18.6% (►Table 2).

3.3. Video Capsule Endoscopy Compared with Other
Imaging Technologies in Suspected or Known Crohn’s
Disease

Study Selection and Study Characteristics
In total, 9 studies including 378 patients compared the
diagnostic yield of VCE with various other modalities (IC,
SBFT, CTE, MRE, SICUS) in suspected CD.

Results
VCE was better than all the other modalities with regard to
diagnostic yield except MRE (►Table 3)29,92–98. An earlier
meta-analysis and a recent meta-analysis have also shown
the same for both suspected and established CD.

Similar results were found in known CD (10 articles and 2
meta-analysis)3,99–107. However, SICUS had comparable sen-
sitivity (90%) and specificity (93%) to VCE for small bowel
involvement in pediatric CD.102 Panenteric colon capsule
endoscopy (PCCE) has been compared with MRE plus IC and

was found thatMREþ IC had 100% sensitivity (94%with VCE)
but low specificity (22% compared with 74% with PCCE).106

PCCE has been compared with reference endoscopic stan-
dard (bidirectional double balloon enteroscopy), and diag-
nostic accuracywas 88.3 and 77.1% for small and largebowel,
respectively.3 Compared with colonoscopy, the sensitivity
and specificity of CCE were 86 and 40%, respectively.101

Moreover, risk prediction for future flare was better with
the VCE LS (AUC—area under the curve: 0.79) comparedwith
MRE risk prediction (AUC: 0.71). Among 11 studies (n¼439)
comprising both suspected and known CD, VCE had higher
sensitivity compared with CTE, IC, and SBFT but lower
specificity (53% compared with 100% with others).108–118

Comparing the specificity of VCE according to the regions
of small intestine, the specificity of VCEwas lower in jejunum
(61%) and proximal/mid-ileum (74%), but higher in terminal
ileum (90%) compared with MRE and SICUS (►Table 3).117

VCE was better compared with MRE for proximal and super-
ficial lesions.

3.4. Risk of Retention in Suspected or Known Crohn’s
Disease
The risk of retention of VCE is 13% in established CD and 1.6%
in suspected CD based on the earlier retrospective study by
Cheifetz et al.119 The overall retention rate in CD is 3.32%
(2.35% suspected CD and 4.63% known CD) based on an
updated systematic review and meta-analysis.120 This is
the reason why VCE is not generally preferred in established
CD except for patients with anemia, obscure GI bleed, or
assessment ofmucosal healing. Retention rateswere lower in
pediatric CD (1.64%) compared with adult CD (3.49%).120

3.4.1. Predictors of Capsule Retention
Negative patency capsule testing and negative CT/MRE are
negative predictors of capsule retention. The retention rates
of patency capsule varied between 15.2 and 28% in known
CD.121,122 A retrospective study showed that the retention
rates after positive and negative patency capsule testing
were 11 and 2.1%, respectively.123 Similarly a prospective
study showed 28.9% retention rates with active inflamma-
tion on MRE.122 Based on meta-analysis, the retention rates
in established CD remained 2.88% even after patency capsule
testing and 2.32% after CT/MRE. The risk of retention is
reduced after CT/MRE by 50%. MRE has a sensitivity of
92.3% and specificity of 59% to evaluate capsule retention
as compared with 97 and 83%, respectively, for patency
capsules. MRE tends to overdiagnose the risk of capsule
retention. If only MRE is used to predict retention instead
of patency capsule, nearly 40% patients (specificity—59%)
would not undergo VCE due to fear of capsule retention.122

Other predictors were obstructive symptoms,
stricturing/penetrating disease, BMI� 5th percentile, sus-
pected stenosis on SBFT, restricted diffusion on diffusion-
weighted MRI, extensive small bowel thickening on small
bowel ultrasound, longer stricture length and higher number
of prestenotic dilatations, high CRP, and history of abdominal
surgery according to several studies119–136 (►Supplementary

Table S1, available in the online version).
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ñ
ig
a

et
al

20
10

Kn
ow

n
C
D

Pr
os
pe

ct
iv
e

14
85

.7
%

64
%

N
on

e

Lo
ng

M
et

al
20

11
Kn

ow
n
C
D
,

in
de

te
rm

in
at
e

Re
tr
os
pe

ct
iv
e

86
(C
D
)

77
.9
%

C
ha

ng
e
in

m
ed

ic
at
io
n:

51
.1
%

N
ew

IB
D

m
ed

ic
at
io
n:

39
.5
%

Su
rg
er
y:

12
.8
%

16
ca
se
s
of

re
te
nt
io
n

8
re
qu

ir
ed

op
er
at
iv
e

in
te
rv
en

ti
on

(C
on

tin
ue

d)

Journal of Digestive Endoscopy Vol. 14 No. 3/2023 © 2023. The Author(s).

Capsule Endoscopy in Inflammatory Bowel Disease Pal et al. 155



Ta
b
le

2
(C
on

tin
ue

d)

A
ut
h
or

In
d
ic
at
io
n

St
ud

y
ty
pe

N
Y
ie
ld
/I
n
cr
em

en
ta
l
yi
el
d

Im
pa

ct
on

m
an

ag
em

en
t

A
d
ve

rs
e
ev

en
ts
/r
et
en

ti
on

co
lit
is
an

d
po

uc
hi
ti
s

N
ar
d
o
et

al
20

11
Kn

ow
n
pe

di
at
ri
c
C
D

Pr
os
pe

ct
iv
e

44
41

%
w
it
h
V
C
E
vs
.1

8.
2%

w
it
h

M
R
I/
SI
C
U
S

N
ot

ev
al
ua

te
d

N
on

e

Ka
lla

et
al

20
13

Kn
ow

n
C
D

Re
tr
os
pe

ct
iv
e

50
66

%
M
an

ag
em

en
t
w
as

al
te
re
d
in

48
%

N
on

e

G
re
en

er
et

al
20

16
Kn

ow
n
C
D

Pr
os
pe

ct
iv
e

56
51

%
Re

cl
as
si
fi
ca

ti
on

of
di
se
as
e
ph

en
ot
yp

e
in

11
%

1
pa

ti
en

t
ha

d
te
m
po

ra
ry

pa
te
nc

y
ca
p
su

le
re
te
nt
io
n

M
in

et
al

20
13

Kn
ow

n
pe

di
at
ri
c
C
D

Re
tr
os
pe

ct
iv
e

50
70

%
(4
3%

ex
te
ns

iv
e
di
se
as
e

co
m
pa

re
d
w
it
h
ot
he

r
im

ag
in
g)

75
%

Im
pr
ov

ed
gr
o
w
th
,B

M
I,
H
BI
,
an

d
ES

R
on

fo
llo

w
-u
p

N
on

e

G
ra
ln
ek

et
al

20
12

Kn
ow

n
pe

di
at
ri
c
C
D

Pr
os
pe

ct
iv
e

4
50

%
m
or
e
pr
ox

im
al

in
vo

lv
em

en
t
de

te
ct
ed

75
%
ch

an
ge

in
m
an

ag
em

en
t

N
on

e

O
liv
a
et

al
20

19
Kn

ow
n
pe

di
at
ri
c
C
D

Pr
os
pe

ct
iv
e

48
71

%
(p
an

en
te
ri
c
ca
ps

ul
e

en
d
os

co
py

)
71

%
ch

an
ge

in
m
an

ag
em

en
t

M
uc

os
al

he
al
in
g
ac
hi
ev

ed
at

24
an

d
52

w
k

w
er
e
54

an
d
58

%
re
sp

ec
ti
ve

ly
co

m
pa

re
d
w
it
h

21
%
at

ba
se
lin

e

N
o
se
ri
ou

s
ev

en
t
ex
ce

pt
fo
r

na
us

ea
an

d
vo

m
it
in
g
in

3
pa

ti
en

ts

N
uu

ti
ne

n
et

al
20

11
Kn

ow
n
pe

di
at
ri
c
C
D

Re
tr
os
pe

ct
iv
e

9
56

%
–

1
ha

d
re
te
nt
io
n
re
qu

ir
in
g

el
ec

ti
ve

su
rg
er
y

C
oh

en
et

al
20

12
Kn

ow
n
pe

di
at
ri
c
C
D

Re
tr
os
pe

ct
iv
e

61
57

.3
%

–
9.
8%

C
oh

en
et

al
20

08
Kn

ow
n
pe

di
at
ri
c
C
D

Re
tr
os
pe

ct
iv
e

21
62

%
23

.8
%
ch

an
ge

in
m
an

ag
em

en
t

1
ha

d
re
te
nt
io
n

Es
ak

ie
t
al

20
14

Kn
ow

n
C
D

Re
tr
os
pe

ct
iv
e

94
88

.3
%

75
%
(8
/1
2)

of
co

lo
ni
c
di
se
as
e
re
cl
as
si
fi
ed

as
ile

o-
co

lo
ni
c
di
se
as
e

7.
4%

re
te
nt
io
n

Tu
yl

et
al

20
07

Kn
ow

n
C
D

Re
tr
os
pe

ct
iv
e

14
71

%
de

fi
ni
ti
ve

di
ag

no
si
s

14
%
pr
o
ba

b
le

di
ag

no
si
s

21
%
ch

an
ge

d
m
an

ag
em

en
t

N
on

e

M
o
w

et
al

20
04

Kn
ow

n
C
D

Re
tr
os
pe

ct
iv
e

20
70

%
60

%
5%

re
te
nt
io
n

El
ia
ki
m

et
al

20
18

Kn
ow

n
C
D

Pr
os
pe

ct
iv
e

29
55

.1
7%

(p
an

en
te
ri
c
ca
p
su
le
)

31
%
pr
ox

im
al

di
se
as
e

N
ot

ev
al
ua

te
d

N
on

e

Ta
ie

t
al

20
20

Kn
ow

n
C
D

Pr
os
pe

ct
iv
e

71
67

.6
%

38
.7
%
ha

d
ch

an
ge

in
m
an

ag
em

en
t

U
p
st
ag

in
g
of

M
o
nt
re
al

cl
as
si
fi
ca
ti
on

33
.8
%

M
uc

os
al

he
al
in
g
15

.5
%

2.
8%

Ko
py

lo
v
et

al
20

15
Kn

ow
n
C
D

(c
lin

ic
al

re
m
is
si
on

or
m
ild

sy
m
pt
om

s)

Pr
os
pe

ct
iv
e

56
21

.1
%
in

th
os

e
in

cl
in
ic
al

re
m
is
si
on

4.
7%

in
cl
in
ic
o-
bi
oc

he
m
ic
al

re
m
is
si
on

M
uc

os
al

he
al
in
g
an

d
de

ep
re
m
is
si
on

ar
e
ra
re

in
C
D

in
cl
in
ic
al

re
m
is
si
on

an
d
he

nc
e
m
ay

re
qu

ir
e
es
ca

la
ti
on

of
th
er
ap

y

0%

A
b
br
ev

ia
ti
on

s:
BM

I,
bo

dy
m
as
s
in
d
ex

;C
D
,C

ro
hn

’s
di
se
as
e;

C
RP

,c
-r
ea

ct
iv
e
pr
ot
ei
n;

ES
R
,e

ry
th
ro
cy
te

se
di
m
en

ta
ti
on

ra
te
;H

BI
,h

ar
ve

y
br
ad

sh
aw

in
de

x;
M
R
I,
m
ag

ne
ti
c
re
so

na
nc

e
im

ag
in
g
;N

PV
,n

eg
at
iv
e
pr
ed

ic
ti
ve

va
lu
es
;
PE

G
,
po

ly
et
hy

le
ne

gl
yc
ol
;
PP

V
,
po

si
ti
ve

pr
ed

ic
ti
ve

va
lu
es
;
SB

FT
,
sm

al
lb

ow
el

fo
llo

w
th
ro
ug

h;
SI
C
U
S,

sm
al
li
nt
es
ti
na

lc
on

tr
as
t
ul
tr
as
on

og
ra
p
hy

;
V
C
E,

vi
d
eo

ca
ps
ul
e
en

d
os

co
py

.

Journal of Digestive Endoscopy Vol. 14 No. 3/2023 © 2023. The Author(s).

Capsule Endoscopy in Inflammatory Bowel Disease Pal et al.156



Ta
b
le

3
V
id
eo

ca
ps

ul
e
en

do
sc
op

y
co

m
pa

re
d
w
it
h
ot
he

r
di
ag

no
st
ic

m
od

al
it
ie
s
in

su
sp
ec

te
d
an

d
kn

ow
n
C
ro
hn

’s
di
se
as
e

A
ut
h
or

St
ud

y
ty
pe

N
In
d
ic
at
io
n

D
ia
g
no

st
ic

yi
el
d

C
om

pa
ra
to
r

D
ia
g
n
os

ti
c
yi
el
d
of

co
m
pe

ti
ng

te
ch

no
l-

o
g
y

El
ia
ki
m

et
al

20
02

Pr
os
pe

ct
iv
e

20
Su

sp
ec

te
d
C
D

70
%

Ba
ri
um

m
ea

lf
ol
lo
w

th
ro
ug

h
(B
M
FT

)
En

te
ro
-C
T

BM
FT

:
37

%
En

te
ro
C
T:

50
%

D
iN

ar
d
o
et
a
20

10
Pr
os
pe

ct
iv
e

18
Su

sp
ec

te
d
IB
D

50
%

M
R
Ia

nd
/
or

SI
C
U
S

22
.2
%

El
ia
ki
m

et
al

20
04

Pr
os
pe

ct
iv
e

35
Su

sp
ec

te
d
C
D

77
%

Ba
ri
um

m
ea

lf
ol
lo
w

th
ro
ug

h
(B
M
FT

)
En

te
ro
-C
T

BM
FT

:
23

%
En

te
ro
C
T:

20
%

Vo
de

rh
o
lz
er

et
al

20
04

Pr
os
pe

ct
iv
e

41
K
no

w
n
C
D

60
.9

C
TE

29
.2
%

A
lb
er
t
et

al
.2

00
5

Pr
os
pe

ct
iv
e

27
Su

sp
ec

te
d
C
D

(n
¼
14

)þ
kn

o
w
n

C
D

(n
¼
13

)

93
%

M
RI

Fl
uo

ro
sc
op

ic
en

te
ro
cl
ys
is

M
R
I:
78

%
En

te
ro
cl
ys
is
:3

3%

C
ho

ng
et

al
20

05
Pr
os
pe

ct
iv
e

43
Su

sp
ec

te
d
C
D

(n
¼
21

)þ
kn

o
w
n

C
D

(n
¼
22

)

Su
sp

ec
te
d
C
D
:1
9%

Kn
ow

n
C
D

77
%

C
ha

ng
e
in

m
an

ag
em

en
t
70

%

Pu
sh

en
te
ro
sc
op

y
En

te
ro
cl
ys
is

En
te
ro
cl
ys
is
(1
9%

kn
ow

n
C
D
,
6%

su
sp

ec
te
d
C
D
)

Pu
sh

en
te
ro
sc
op

y:
16

%
kn

ow
n
C
D
,
0%

su
sp

ec
te
d
C
D
)

M
ar
m
o
et

al
20

05
Pr
os
pe

ct
iv
e

31
K
no

w
n
C
D

71
%

89
%
(w

it
h
te
rm

in
al

ile
al

in
vo

lv
em

en
t)

46
%
(p
ro
xi
m
al

sm
al
lb

ow
el
)

En
te
ro
cl
ys
is

25
.8
%

37
%
(w

it
h
te
rm

in
al

ile
al

in
vo

lv
em

en
t)

13
%
(p
ro
xi
m
al

sm
al
lb

ow
el
)

H
ar
a
et

al
20

06
Pr
os
pe

ct
iv
e

17
Su

sp
ec

te
d
C
D

71
%

IC C
TE

SB
FT

IC
:6

5%
C
TE

:
53

%
SB

FT
:
24

%

Ef
th
ym

io
u
et

al
20

08
Pr
os
pe

ct
iv
e

55
Su

sp
ec

te
d
C
D

(n
¼
26

)þ
kn

o
w
n

C
D

(n
¼
29

)

Su
sp

ec
te
d
C
D
:6
5%

Kn
ow

n
C
D

74
.1
%

En
te
ro
cl
ys
is

En
te
ro
cl
ys
is
(3
%
su
sp

ec
te
d
C
D
,4

0.
7%

kn
ow

n
C
D
)
(p

<
0.
05

)

So
le
m

et
al

20
08

Pr
os
pe

ct
iv
e

28
Su

sp
ec

te
d

C
D
þ
kn

o
w
n
C
D

Se
ns

it
iv
it
y:
83

%
Sp

ec
ifi
ci
ty
:5
3%

C
TE

IC SB
FT

C
TE

Se
ns
it
iv
it
y:

67
%

Sp
ec

ifi
ci
ty
:1
00

%
(p

¼
0.
02

)
IC Se

ns
it
iv
it
y:
67

%
Sp

ec
ifi
ci
ty
:1
00

%
(p

¼
0.
03

)
SB

FT
Se

ns
it
iv
it
y:
50

%
Sp

ec
ifi
ci
ty
:1
00

%
(p

¼
0.
2)

Bo
ck
er

et
al

20
10

Pr
os
pe

ct
iv
e

21
Su

sp
ec

te
d
or

kn
ow

n
C
D

42
.9
%

M
R
I

28
.6
%

Pe
tr
uz

zi
el
lo

et
al

20
10

Pr
os
pe

ct
iv
e

30
Su

sp
ec

te
d
C
D

50
%

In
cr
em

en
ta
ly

ie
ld
:3

3%
IC SI
C
U
S

SB
FT

IC
:6

3%
SI
C
U
S:

40
%

SB
FT

:
50

%

C
as
ci
an

iE
et

al
20

11
Pr
os
pe

ct
iv
e

37
Pe

di
at
ri
c
su

sp
ec

te
d

C
D

Se
ns

it
iv
it
y:

97
.6
%

Sp
ec

ifi
ci
ty
:9

2.
3%

A
cc
ur
ac

y:
98

.3
%

M
R
E

Se
ns
it
iv
it
y:

91
.9
%

Sp
ec

ifi
ci
ty
:
90

.9
%

A
cc
ur
ac

y:
10

0%

(C
on

tin
ue

d)

Journal of Digestive Endoscopy Vol. 14 No. 3/2023 © 2023. The Author(s).

Capsule Endoscopy in Inflammatory Bowel Disease Pal et al. 157



Ta
b
le

3
(C
on

tin
ue

d)

A
ut
h
or

St
ud

y
ty
pe

N
In
d
ic
at
io
n

D
ia
g
no

st
ic

yi
el
d

C
om

pa
ra
to
r

D
ia
g
n
os

ti
c
yi
el
d
of

co
m
pe

ti
ng

te
ch

no
l-

o
g
y

Je
ns

en
et

al
20

11
Pr
os
pe

ct
iv
e

93
Su

sp
ec

te
d
or

ne
w
ly

di
ag

no
se
d
C
D

Se
ns

it
iv
it
y:

10
0%

Sp
ec

ifi
ci
ty
:9

1%
(t
er
m
in
al

ile
um

)

C
TE

M
R
E

C
TE

Se
ns
it
iv
it
y:

76
%

Sp
ec

ifi
ci
ty
:
85

%
M
R
E

Se
ns
it
iv
it
y:

81
%

Sp
ec

ifi
ci
ty
:
86

%

W
ia
rd
a
et

al
20

11
Pr
os
pe

ct
iv
e

38
Su

sp
ec

te
d
C
D

(n
¼
20

)þ
kn

o
w
n

C
D

(n
¼
18

)

Se
ns

it
iv
it
y:

57
%

Sp
ec

ifi
ci
ty
:8

9%
PP

V
:
67

%
N
PV

:8
4%

M
R
E

Se
ns
it
iv
it
y:

73
%

Sp
ec

ifi
ci
ty
:
90

%
PP

V
:
88

%
N
PV

:
78

%

Ko
va

nl
ik
ay
a
et

al
20

13
Re

tr
o
sp
ec

ti
ve

23
C
hi
ld
re
n
w
it
h

su
sp

ec
te
d
or

kn
ow

n
IB
D

Se
ns

it
iv
it
y
77

.8
%

M
R
E

Se
ns
it
iv
it
y:

75
%

A
lo
iM

et
al
,
20

14
Pr
os
pe

ct
iv
e

bl
in
d
ed

,
co

m
pa

ra
ti
ve

25
Pe

di
at
ri
c
su
sp
ec

te
d

C
D

(n
¼
6)

þ
kn

ow
n

C
D

(n
¼
28

)

Se
ns

it
iv
it
y
in

je
ju
nu

m
,

pr
ox

im
al

/m
id
ile

um
an

d
te
rm

in
al

ile
um

w
er
e
92

,1
00

,
an

d
81

%
,r
es
pe

ct
iv
el
y

M
R
E

SI
C
U
S

Se
ns
it
iv
it
y:

M
RE

:j
ej
un

um
:
75

%
,
Pr
ox

im
al
/m

id
ile

um
:

10
0%

,
te
rm

in
al

ile
um

:8
1%

SI
C
U
S:

je
ju
nu

m
:9

2%
,P

ro
xi
m
al
/m

id
ile

um
:

80
%
,
te
rm

in
al

ile
um

:9
4%

Sp
ec

ifi
ci
ty

of
ca
ps

ul
e
lo
w
er

in
je
ju
nu

m
(6
1%

)
an

d
pr
ox

im
al
/m

id
ile

um
(7
4%

)
bu

t
hi
gh

er
in

te
rm

in
al

ile
um

(9
0%

)

Le
ig
ht
on

et
al

20
14

Pr
os
pe

ct
iv
e

80
Su

sp
ec

te
d
sm

al
l

bo
w
el

C
D

V
C
E
þ
IC

(s
m
al
l

bo
w
el
þ
co

lo
n)
-9

7.
3%

V
C
E
(t
er
m
in
al

ile
um

þ
ce

cu
m
)
-4

9.
2%

V
C
E
(s
m
al
lb

ow
el
)-
93

%

1.
IC

(t
er
m
in
al

ile
um

þ
ce

cu
m
)

2.
SB

FT
þ
IC

(s
m
al
l

bo
w
el
þ
co

lo
n)

3.
SB

FT
(s
m
al
lb

ow
el
)

1.
IC

(t
er
m
in
al

ile
um

þ
ce

cu
m
)

�7
0.
5%

(p
¼
0.
09

)
2.

SB
FT

þ
IC

(v
s.

IC
þ
V
C
E)

�
57

.3
%

(p
<
0.
00

1)
3.

SB
FT

(s
m
al
lb

ow
el
)
(v
s.

V
C
E)

�
25

.6
%

O
liv
a
et

al
20

15
Pr
os
pe

ct
iv
e

40
Pe

di
at
ri
c
kn

ow
n
C
D

C
ol
on

Se
ns

it
iv
it
y:

89
%

Sp
ec

ifi
ci
ty
:1
00

%
PP

V
:
10

0%
N
PV

:9
1%

Sm
al
lb

ow
el

Se
ns

it
iv
it
y:

90
%

Sp
ec

ifi
ci
ty
:9

4%
PP

V
:
95

%
N
PV

:9
0%

SI
C
U
S

M
R
E

SI
C
U
S
(s
m
al
lb

ow
el
)

Se
ns
it
iv
it
y:

90
%

Sp
ec

ifi
ci
ty
:
93

%
M
RE

(s
m
al
lb

ow
el
)

Se
ns
it
iv
it
y:

85
%

Sp
ec

ifi
ci
ty
:
89

%

Le
ig
ht
on

et
al

20
16

Pr
os
pe

ct
iv
e

11
4

K
no

w
n
ac

ti
ve

C
D

w
it
h
pr
ov

en
bo

w
el

pa
te
nc

y

Pa
ne

nt
er
ic

ca
ps

ul
e

en
d
os

co
py

:8
3.
3%

IC
69

.7
%

M
it
se
lo
s
et

al
20

16
Re

tr
o
sp
ec

ti
ve

91
Su

sp
ec

te
d
C
D

Se
ns

it
iv
it
y:

81
.8
2%

Sp
ec

ifi
ci
ty
:7

7.
50

%
PP

V
:
53

.8
5%

N
PV

:9
4.
87

%
A
U
C
:0

.7
81

IC
Se

ns
it
iv
it
y:

63
.6
4%

Sp
ec

ifi
ci
ty
:
92

.5
0%

PP
V
:
33

.3
3%

N
PV

:
96

.8
8%

A
U
C
:
0.
79

7

Journal of Digestive Endoscopy Vol. 14 No. 3/2023 © 2023. The Author(s).

Capsule Endoscopy in Inflammatory Bowel Disease Pal et al.158



Ta
b
le

3
(C
on

tin
ue

d)

A
ut
h
or

St
ud

y
ty
pe

N
In
d
ic
at
io
n

D
ia
g
no

st
ic

yi
el
d

C
om

pa
ra
to
r

D
ia
g
n
os

ti
c
yi
el
d
of

co
m
pe

ti
ng

te
ch

no
l-

o
g
y

C
ar
te
r
D

et
al
,2

01
8

Pr
os
pe

ct
iv
e

50
Su

sp
ec

te
d
C
D
-

ne
ga

ti
ve

ile
oc

ol
on

os
co

py

38
%

IU
S

38
%
,
Se

ns
it
iv
it
y:

72
%
,s
pe

ci
fi
ci
ty
:
84

%
co

m
pa

re
d
w
it
h
ca
ps

ul
e
en

do
sc
op

y
w
hi
ch

w
as

co
ns

id
er
ed

go
ld

st
an

da
rd

G
o
nz

al
ez
-S
ua

re
z
et

al
20

18
Pr
os
pe

ct
iv
e

47
Su

sp
ec

te
d
C
D

(n
¼
15

)þ
kn

o
w
n

C
D

(n
¼
32

)

76
.6
%
(h
ig
he

r
in

je
ju
na

l,
ile

al
an

d
te
rm

in
al

ile
al

le
si
on

s)
M
R
E

44
.7
%
(c
ap

su
le

si
gn

ifi
ca

nt
ly

be
tt
er

fo
r

su
pe

rfi
ci
al

an
d
pr
ox

im
al

le
si
o
ns

)

H
ija

z
et

al
20

19
Pr
os
pe

ct
iv
e

27
C
hi
ld
re
n
w
it
h
C
D
or

in
de

te
rm

in
at
e

co
lit
is

Se
ns

it
iv
it
y:

83
%

Sp
ec

ifi
ci
ty
:7

8.
6%

M
R
E

Se
ns
it
iv
it
y:

10
0%

Sp
ec

ifi
ci
ty
:
57

.1
4%

C
ap

su
le

ha
s
lo
w
er

se
ns
it
iv
it
y
bu

t
hi
g
h

sp
ec

ifi
ci
ty

Br
ui
ni
ng

D
H

et
al

20
20

Pr
os
pe

ct
iv
e

99
K
no

w
n
C
D

(P
an

en
te
ri
c

ca
ps

ul
e)

Se
ns

it
iv
it
y
94

%
(p
ro
xi
m
al

sm
al
lb

ow
el

97
%
)

Sp
ec

ifi
ci
ty
:7

4%

M
R
Iþ

IC
Se

ns
it
iv
it
y:

10
0%

Sp
ec

ifi
ci
ty
:
22

%
(p

¼
0.
02

1;
si
m
ila

r
sp

ec
ifi
ci
ty

in
te
rm

in
al

ile
um

an
d
co

lo
n)

Ya
m
ad

a
et

al
20

21
Pr
os
pe

ct
iv
e

20
K
no

w
n
C
D
,C

ol
on

ca
ps

ul
e
en

do
sc
op

y
D
ia
gn

os
ti
c
ac
cu

ra
cy

(d
et
ec

ti
ng

ul
ce

rs
)

Sm
al
lb

ow
el
-8
8.
3%

La
rg
e
bo

w
el
-7
8.
1%

Bi
di
re
ct
io
na

ld
ou

b
le

ba
llo

o
n
en

te
ro
sc
op

y
Re

fe
re
nc

e
st
an

da
rd

D
ub

se
nc

o
et

al
20

05
Pr
os
pe

ct
iv
e

39
K
no

w
n
an

d
su
sp

ec
te
d
C
D

Se
ns

it
iv
it
y:

89
.6
%
Sp

ec
ifi
ci
ty
-

10
0.
0%

,
Po

si
ti
ve

pr
ed

ic
ti
ve

va
lu
e:
10

0%
N
eg

at
iv
e
pr
ed

ic
ti
ve

va
lu
e:

76
.9

Sm
al
lb

ow
el

se
ri
es

Se
ns
it
iv
it
y:

27
.6
%

Sp
ec

ifi
ci
ty
:
10

0.
0%

PP
V
:
10

0.
0%

N
PV

:
32

.3
%
.

D
′H

ae
ns

et
al

20
15

Pr
os
pe

ct
iv
e

40
C
ol
on

ic
C
D

(p
an

en
et
er
ic

ca
ps

ul
e
PC

C
E-
2)

Se
ns

it
iv
it
y:

86
%

Sp
ec

ifi
ci
ty
:4

0%
C
ol
on

os
co

py
Re

fe
re
nc

e
st
an

da
rd

Be
tt
er

es
ti
m
at
ed

th
e
di
se
as
e
se
ve

ri
ty

co
m
pa

re
d
w
it
h
PC

C
E-
2

PC
C
E-
2
be

tt
er

to
le
ra
te
d

Pa
pa

lia
et

al
20

21
Pr
os
pe

ct
iv
e

47
K
no

w
n
ile

o-
co

lo
ni
c,

no
ns
tr
ic
tu
ri
ng

C
D

fo
rm

uc
os

al
he

al
in
g

St
ro
ng

co
rr
el
at
io
n
w
it
h
SE

S-
C
D

sc
or
es

in
co

lo
no

sc
op

y
(r
¼
0.
77

),
st
ro
ng

es
t
in

te
rm

in
al

ile
um

C
ol
on

os
co

py
PC

C
E-
2
id
en

ti
fi
ed

ad
di
ti
on

al
ul
ce

rs
PC

C
E-
2
w
as

co
m
pl
et
e
in

68
%
ca
se
s

co
m
pa

re
d
w
it
h
89

%
co

lo
no

sc
op

y
PC

C
E-
2
no

ni
nv

as
iv
e
m
o
da

lit
y
fo
r

m
on

it
or
in
g

Be
n
H
or
in

et
al

20
19

Pr
os
pe

ct
iv
e

61
C
lin

ic
al
ly

qu
ie
sc
en

t
kn

ow
n
C
D

fo
r

pr
ed

ic
ti
ng

fl
ar
e

Le
w
is
sc
or
e
>
35

0
pr
ed

ic
te
d

ri
sk

of
fl
ar
e
w
it
h
A
U
C
0.
79

Fe
ca

lc
al
pr
ot
ec

ti
n

M
R
E

Fe
ca
lc

al
p
ro
te
ct
in

(A
U
C
)

2
y
fl
ar
e:

0,
62

6
m
o
fl
ar
e:

0.
81

M
RE

ri
sk

pr
ed

ic
ti
o
n
(A
U
C
)

2
y:
0.
71

A
b
br
ev

ia
ti
on

s:
A
U
C
,a

re
a
un

de
r
th
e
cu

rv
e;

C
D
,C

ro
hn

’s
di
se
as
e;

IC
,i
le
o
-c
o
lo
no

sc
op

y;
C
TM

R
I,
m
ag

ne
ti
c
re
so

na
nc

e
im

ag
in
g
;I
U
S,

in
te
st
in
al

ul
tr
as
ou

nd
;M

R
E,

m
ag

ne
ti
c
re
so

na
nc

e
en

te
ro
g
ra
ph

y;
PC

C
E,

pa
ne

nt
er
ic

co
lo
n
ca
ps

ul
e
en

do
sc
op

y;
SE

S-
C
D
,
si
m
pl
e
en

do
sc
op

ic
sc
or
e
C
ro
hn

’s
di
se
as
e;

SI
C
U
S,

sm
al
li
nt
es
ti
na

lc
on

tr
as
t
ul
tr
as
on

o
gr
ap

hy
.

Journal of Digestive Endoscopy Vol. 14 No. 3/2023 © 2023. The Author(s).

Capsule Endoscopy in Inflammatory Bowel Disease Pal et al. 159



3.4.2. Management of Retained Capsule
Capsule retention is asymptomatic in 85% which can be
managed conservatively with enteroscopy-guided removal
electively. Partial air complete small bowel obstruction occurs
in the restwhich requires endoscopic retrievalwithorwithout
balloon dilation. There are several reports of retrieval by
double-balloon enteroscope (success rate 80–92%) and recent-
ly novelmotorized spiral enteroscopywhich can avoid surgery
in the majority.137–139 Moreover, it can help take surgical
decisions as some of the patients may require surgery even
after capsule removal for treating the underlying disease.

3.4.3. Other Complications of Video Capsule Endoscopy
Although known CD substantially increases the risk of cap-
sule retention, other complications of VCE like swallow
disorder, aspiration, and technique failure can be substantial
and clinically important. However, we could not find specific
citations pertaining to IBDwith regard to this. Meta-analysis,
which included IBD patients, showed that the pooled rates of
aspiration, technical failure, and swallow disorders were 0,
0.94, and 0.75%, respectively.140

3.4. Video Capsule Endoscopy in postoperative Crohn’s
Disease

Study selection and study characteristics
Five prospective and one retrospective study including 313
patients have compared VCE with colonoscopy in postoper-
ative CD (►Supplementary Table S2, available in the online
version).

Results
Except for the one retrospective study,141 all the studies
concluded that the yield of VCEwas higher than colonoscopy
in detecting postoperative recurrence especially for proxi-
mal involvement out of the reach of the colonoscopy.142–147

Another prospective study has compared capsule endoscopy
or no capsule endoscopy in postoperative settings and has
shown that VCE arm had lower hospitalization or surgery147

(►Supplementary Table S2, available in the online version).

3.5. Video Capsule Endoscopy in UC

Study Selection and Study Characteristics
In total, 14 prospective and 3 retrospective studies involving
612 patients have evaluated the role of VCE in ulcerative
colitis (UC) (►Table 4).11,20,23,31,75,148–159

Results
Overall results indicate that VCE had an excellent correlation
with colonoscopy for severity/extent of inflammation and is
better than fecal biomarkers. Patient acceptabilitywas better
than colonoscopy. Small bowel involvement inUCwithVCE is
variable (4.8–80%) and is dependent on the pretest probabil-
ity (80% for those with suspicion of CD in a small se-
ries).11,23,31,149,150,156 In postproctocolectomy cases,
extensive colitis, pouchitis, and age less than 20 years were
predictors of small bowel involvement.150Active UCwas also

a predictor of small bowel involvement (40% compared with
overall 36.6%).150 No adverse events are reported except
those related to bowel preparation and one case of retention
due to unexpected rectal tumor (►Table 4).157 Bowel prepa-
ration was acceptable in 62 to 90% cases (►Table 4).

3.5.1. Role of Video Capsule Endoscopy in Pouchitis
A single-center prospective study has shown that all of the
patients with chronic antibiotic refractory pouchitis have
small bowel lesions from duodenum to ileum detectable on
VCE which ranges from aphthous to deep, fissuring ulcers.
None of the patients have any prior evidence of CD on review
of surgical biopsy. These patients need to be followed up
further, and the significance of such lesions is still un-
known.160 In a retrospective study, small bowel capsule
endoscopy in pouchitis showed positive findings in 65.2%.
Initiation of new IBD medications was noted in 56.5%, and
small bowel resection was done in 4.4% following VCE.76

3.6. Video Capsule Endoscopy in Inflammatory Bowel
Disease-Unclassified

Study Selection and Study Characteristics
VCE could be particularly helpful in the IBD unclassified
subgroup, where up to 16.7 to 50% patients can be diagnosed
with CD after undergoing VCE as per four retrospective and
five prospective studies in 177 adult and pediatric patients
(►Supplementary Table S3, available in the online
version).23–25,75,148,161–164

Results
However, VCE can miss a diagnosis of CD as five of the
aforementioned studies have shown that 0 to 16.7% patients
develop CD on follow-up.23,148,161,162,164 A change in exist-
ing treatment after CD diagnosis may not be necessary in all
the patients as the reported change in treatment after CD
diagnosis was seen in 0 to 100%.24,163,164 A confirmed
diagnosis of UC after exclusion of small bowel involvement
in IBD-U can occur in 5.5 to 59.3%.23,161–164 No change in
diagnosis of IBD-U can occur in 0 to 75% cases
(►Supplementary Table S3, available in the online version).
LS >135 is a predictor of CD diagnosis with a sensitivity and
specificity of 90 and 100%, respectively.164

3.7. Scoring Systems for Video Capsule Endoscopy
Scoring systems in VCEmay help predict disease severity and
disease course similar to conventional endoscopic scoring.
There are various validated scores for small bowel, colon, and
panenteric evaluation.

3.7.1. Lewis Score
Study Selection and Study Characteristics

Total 9 studies (2 prospective) including 811 patients
evaluated the role of the LS alone.62,165–172

Results
LS was initially developed by Gralnek et al based on edema,
ulceration, and stenosis in three tertiles with the
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establishment of cut-off values (►Table 5; ►Fig. 2).165 Later,
the incremental number of ICCE criteria was found to be the
predictive factor of significant inflammatory activity (LS
>135) on VCE.62 LS � 135 was shown to have a positive
predictive value of 73.9%, and a score <135 had a negative
predictive value of 91.8%.168 Similar findings were seen in
another validation study. A strong agreement was seen for
global as well as for each tertile score in interobserver
study.166 Recent studies have evaluated the prognostic role
of LS to predict CD-related emergency hospitalization and
risk of cumulative relapse.171,172 Correlation of VCE with
disease activity and small bowel transit time was weak in
adults, whereas correlation with inflammatory markers was
moderate in both pediatric age group and adults.169 LS score
correlates well with the MRE global score (r¼0.71) except
the proximal LS score (r¼0.55).170

3.7.2. Capsule Endoscopy Crohn’s Disease Activity
Index
Capsule Endoscopy Crohn’s Disease Activity Index (CECDAI)
or Niv score was also developed at the same time as the LS
(2008) which was simpler and based on severity of inflam-
mation, extent of disease, and narrowing in proximal and
distal small bowel. Interobserver agreement was strong
(k¼0.87) in single center andgood betweendifferent centers
(k¼0.767).173,174 The score has been validated by Ponte et al
in 2018 which showed that the corresponding cut-off value
of CECDAI for LS between 135 and 790 was 7.7 to 10.3.175

Another study showed the cut-off value to be 3.8 to 5.8which
also showed that LS better correlates with fecal calprotectin
(<100 μg/g) than CECDAI.176,177 In comparison to LS, a
retrospective study has shown that CECDAI may better
predict intestinal inflammation. Those with high LS and
normal CECDAI may reflect strictures rather than active
inflammation.58

3.7.3. Panenteric Capsule Endoscopy Scores
As panenteric evaluation became feasible with VCE, panen-
teric scores were developed. The first one was CECDAlic
which was an extension of CECDAI score into colon.
Inflammation, extent of disease, and narrowing were
evaluated in proximal small bowel, distal small bowel,
right colon, and left colon. The concordance was high for
small bowel (Kendell’s coefficient: k¼0.85) and panen-
teric evaluation (k¼0.77) except for strictures in proximal
small intestine and distal colon.178 Later, it was validated
and was shown to have excellent interobserver agreement
(k¼0.94).179

The second panenteric score was based on novel PillCam
Crohn’s (PCC) (Medtronic, Dublin, Ireland) capsule. Panen-
teric scores were calculated from five areas: three tertiles of
small intestine, right, and left colon. Each subscore was
calculated using most common lesion (1), most severe lesion
(2), extent of disease (3), and stricture (4) (each parameter
rated from0 to 3). Each segmental scorewas ([AþB]�C)þD.
This score also named as the Elaikim scorewas shown to have
an excellent correlation with LS and had excellent interob-
server agreement (k¼0.9).180Ta
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3.7.4. Capsule Scoring of Ulcerative Colitis
Similar to ulcerative colitis endoscopic activity index
(UCEIS), Capsule Scoring of Ulcerative Colitis (CSUC) is based
on parameters like vascular pattern (0: none, patchy obliter-
ation1 <30%, obliterated2 >30%), bleeding (0: none, auto-
mated suspected blood indicator <10¼1, >10¼2), and
erosions/ulcers (0: none, 1: <5mm erosion, 2: >5mm
superficial ulcer, 3: excavated deep ulcer� excavation/raised
margins) in second-generation colon capsule endoscopy.
Each item was subdivided into proximal and distal parts
with the reference point being the splenic flexure. The total
score was 0 to 14. Its correlation with fecal calprotectin, CRP,
and clinical Lichtiger index was similar to UCEIS.181

3.7.5 APEX Score
This is based on age (�30 years) (þ3), platelet count
(�280�103/L) (þ2), and extraintestinal manifestations
(þ2) which were shown to predict risk of 1 year relapse
after achievingmucosal healing in small bowel CD based on a
recent retrospective study.182

3.8. Interobserver Agreement in Diagnosing Small Bowel
Crohn’s Disease with Video Capsule Endoscopy
There is substantial interobserver agreement (IOA) for the
detection of small bowel CD with VCE (k¼0.68). IOA was
moderate for localization (k¼0.44) and only fair for aph-
thous ulcers (k¼0.38). Although small bowel CD can be
diagnosed confidently with VCE, diagnosis can be observer
dependent in those with few lesions. Differentiating ileal
from cecal lesions can be difficult in aminority of patients.183

3.9. Artificial Intelligence

Study Selection and Study Characteristics
We found nine original articles on the use of artificial
intelligence in VCE related to IBD.

Results
AI technology was used for Pillcam SB 3, panenteric capsule,
and colon capsule. A variable number of training images
(469–483,444) were used to develop the various AI technol-
ogy followed by validation. The sensitivity and specificity of
the AI models were 80 to 97.1% and 89 to 98.1%,
respectively184–192 (►Supplementary Table S4, available in
the online version). Hence, AI can significantly reduce the
examination time with excellent sensitivity and specificity.

3.10 Novel Techniques and Future Directions

Study Selection and Study Characteristics
We found eight original articles describing various technical
advances for VCE in IBD5,193–199(►Table 6).

Results
To increase the visibility and diagnostic yield, double head
capsule and 344 degree panoramic view capsules have
been developed.198 For rapid review, the QuickView
mode of RAPID capsule view software can reduce the
reading time with excellent diagnostic accuracy up to
98%.194 3D reconstruction can help in the estimation of
size of lesions.197

Fig. 2 Video capsule endoscopy in Crohn’s disease. (A) Aphthous ulcers, (B) linear ulcer, (C) transverse hemicircumferential ulcer, (D)
circumferential ulcerated stricture, (E) fibrotic stricture, and (F) mucosal edema.
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Anovel RSS capsule technology has been developedwhich
may allow noninvasive sampling, preservation, and storage
of analytes found in gastrointestinal fluids which can corre-
late with inflammation and gut permeability. The preserva-
tive contained in the novel capsule stabilizes DNA and
proteins for analysis after expulsion.5

3.11. Cleansing Regimen
A randomized controlled trial in pediatric patients has
shown that 25mL/kg of polyethylene glycol (PEG) solution
plus 20mL (376mg) of oral simethiconewas superior to high
volume PEG (50mL/kg), oral simethicone, and low-dose PEG
alone (25mL/kg) with regard to better visualization but not
diagnostic yield.200 According to a prospective study, the
addition of 15mL of castor oil to 1 L of Moviprep and 10mg
bisacodyl significantly improved colon capsule endoscopy
completion rates (87 vs. 73%) and polyp detection (82 vs.
44%)201.

4. Discussion

VCE is indicated in suspected small bowel CD after negative
IC (nearly 10% of small bowel CD) if there are no obstructive
symptoms or known stenosis/history of bowel surgery. If
these are present, cross-sectional imaging (CT/MRE) is war-
ranted. In those with positive findings in IC, VCE may still be
indicated for mapping of the disease as one-third may have
proximal bowel involvement.44 The inherent limitation of
VCE to evaluate the extraluminal involvement can be an
additional reason to use cross-sectional imaging upfront
especially in tuberculosis endemic regions where distal
small bowel involvement often leads to TB and CD dilemma.
The long duration of symptoms should also be kept in mind
as it may indicate stricturing complications with high risk of
retention.6 VCE is also helpful to exclude differential diagno-
sis like TB and diagnose CD in presymptomatic patients.

The role of VCE in known CD ranged from diagnosis of
active disease (highest in symptomatic patients), change in
treatment decisions (escalation or deescalation of treatment
and surgical decision), reclassification of disease, assessment
of mucosal healing, and prediction of relapse. The yield was
noninferior toMRI. However, the risk of retention is higher in
known CD. PCCE has high agnostic accuracy in detecting
active disease in small and large bowels.

VCE can also be useful in postoperative settings. However,
the drawbacks of VCE in postoperative settings are lower
yield in neoterminal ileum, inability to perform in thosewith
positive patency testing, and poor correlation of endoscopic
activity in VCE and clinical recurrence.

Capsule endoscopy can have role in relatively noninvasive
monitoring of disease activity in UC with excellent correla-
tion with colonoscopy. It has the advantage of identifying
small bowel involvement although the preparation may be
poor in a third of the patients.

VCE scores have a good correlation with cross-sectional
imaging (e.g., MRI scores) and can be helpful to establish the
extent of small bowel, panenteric, and large bowel involve-
ment with the existing scores (Lewis, CECDAI, Capsule

Endoscopy Crohn’s Disease Activity Index [CECDAIic],
CSUC). Scores like APEX can predict the risk of relapse in
small bowel CD.

Technical advances in the form of artificial intelligence,
technical modification, and various software packages can
reduce reading time with high diagnostic accuracy. Technol-
ogy like RSS has the potential to guide therapy by disease
monitoring and characterization and may also help in devel-
oping novel therapeutic targets.

The limitations of the review include qualitative nature
and inclusion of primarily uncontrolled, noncomparative
studies. The highest quality citations included good-quality
prospective studies. Individualmeta-analysis of the different
outcomes is out of the scope of this broader systematic
review. The strength of this review is the inclusion of all
relevant articles pertaining to the role of VCE in IBD. The
review implies the need for further comparative studies such
as comparing MRI with VCE in suspected and known CD or
comparison of VCE with other modalities like IC for diagnos-
ing postoperative recurrence. In areas where randomized
controlled trials are not available, high-quality prospective
studies can give true estimates of VCE yield in scenarios such
as IBD-U and pouchitis and their implications in future
disease courses.

Conclusion

Capsule endoscopy is indicated in the evaluation of sus-
pected small bowel CD irrespective of findings of IC to map
small intestinal involvement, and the diagnostic yield is
superior to other modalities except MRE. Hence, VCE should
be the preferred investigation in suspected CD in the absence
of obstructive symptoms or known stenosis. A cross-section-
al imaging (CTE/MRE) or patency capsule testing should be
done prior to CE in suspected stricturing CD or established
CD. In known CD, VCE should not be preferred over cross-
sectional imaging due to the risk of retention. It can be done
in established CD to evaluate unexplained anemia, obscure
GI bleed, and sometimes assessment of mucosal healing.
Capsule retention is usually asymptomatic, however, symp-
tomatic cases can be treated with balloon or spiral entero-
scopy-guided retrieval failing which surgery is warranted.
Various scoring systems are available for small bowel, colon,
and panenteric evaluation. Scoring systems at VCE can help
to determine severity and disease course similar to endo-
scopic scoring. VCE is useful to assess postoperative CD, IBD-
U, and noninvasive monitoring of UC. Artificial intelligence
and newer technologies increase the diagnostic yield and
reading time of VCE and are the future avenues in this
evolving field.
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