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Crohn’s disease (CD) is an idiopathic inflammatory bowel disease involving the small and/or large intestine. More than 50% of
Western CD patients and up to 88% of Asian CD patients may have small intestinal involvement. Video capsule endoscopy (VCE)
has a higher diagnostic yield than small bowel barium radiography and computed tomography enterography for the detection
of small intestinal involvement of CD. VCE also provides diagnostic yields comparable to magnetic resonance- (MR-) based
enterography or enteroclysis andmay have several advantages overMR-based tests for the detection of early small intestinal lesions.
Several studies have suggested the use of VCE-based disease activity scoring systems to evaluate small intestinal mucosal disease
activity, although their clinical relevance needs to be further studied. A possible indication for VCE is recurrence monitoring after
complete surgical excision of CD-involved segments but its usefulness and efficacy compared with conventional endoscopy should
be evaluated. The capsule retention rate ranges from 0 to 5.4% in suspected CD patients and from 0 to 13.2% in established CD
patients. If VCE is necessary, significant small bowel stricture should be ruled out before VCE by performing a patency capsule
study and/or small bowel radiological study in suspected or established CD patients.

1. Introduction

Crohn’s disease (CD) is a chronic, idiopathic inflammatory
bowel disease (IBD) that mainly involves the small and/or
large intestines. According to population-based epidemio-
logic studies, more than 50% of Western CD patients [1–5]
and 77–87.7% of Asian CD patients have small bowel involve-
ment at diagnosis [6–8]. Therefore, evaluation of the small
and large intestine is essential for the diagnosis of CD, but
there are no known pathognomonic features in endoscopic
and radiologic studies.

Given that mucosal healing is considered a target of CD
treatment in the biologic era [9], the endoscopic evaluation
of the intestinal mucosa is crucial for assessing the treatment
response and establishing a treatment strategy. In the past,
small bowel follow-through (SBFT), enteroclysis (EC), and
surgical exploration were the only methods for evaluating

the status of the small intestine in CD patients. With techno-
logical advances, computed tomography- (CT-) based imag-
ing protocols, such as CT enterography (CTE)/CT enterocly-
sis (CTEC), and magnetic resonance- (MR-) based imaging
protocols, such as MR enterography (MRE)/MR enteroclysis
(MREC), have become available for the radiological inves-
tigation of small intestinal lesions. However, none of these
radiologic modalities can provide direct visualization of the
small bowelmucosa and, thus, all carry an intrinsic limitation
in the precise assessment of mucosal healing.

The introduction of wireless video capsule endoscopy
(VCE) and device-assisted enteroscopy has enabled the direct
visualization of the small intestinal mucosa. Because of the
reduced invasiveness of VCE compared with device-assisted
enteroscopy,VCE ismore suitable for the diagnosis of CDand
the assessment of the treatment response, unless the patients
have suspected intestinal strictures that can potentially cause
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capsule retention. Our present review is focused on the
clinical usefulness and application of VCE in CD.

2. Diagnostic Yield and
Performance of VCE in CD

CD frequently involves the terminal ileum which usually can
be evaluated using ileocolonoscopy. However, the involve-
ment of small intestine more proximal to terminal ileum
is common in CD and often affects the patients’ clinical
manifestation and outcomes. Small bowel barium radiogra-
phy, including SBFT and EC, was a traditional diagnostic
modality for evaluating the entire small intestine but has been
progressively substituted by cross-sectional radiologic tests
such as CTE/CTEC and MRE/MREC for the evaluation of
the patients with suspected or established small intestinal
CD. However, given that the VCE can visualize the intestinal
mucosa directly, VCE ismore likely to detect earlier lesions or
subtlemucosal lesions than small intestinal radiologic studies
including small bowel barium radiography, CTE, and MRE.
Many investigators have compared the diagnostic yield of
VCE with that of other radiologic studies in the patients with
suspected or established CD.

Comparing with small bowel barium radiography, such
as SBFT or EC, VCE showed better diagnostic yield for the
patients having suspected CD (Table 1). The reported diag-
nostic yield ofVCE ranged from49% to 77%,whereas those of
SBFT and EC ranged from 21% to 67% [10–13] and from 12%
to 36% [14–16], respectively. Although the number of partic-
ipants in each study was small, meta-analyses reported again
that VCE is superior to small bowel barium radiography in
terms of diagnostic yield [17–19].

The reported diagnostic yield ofVCEwas higher than that
of CTE/CTEC in most previous studies (Table 2). The diag-
nostic yield was 61% for VCE and 29% for CTEC according to
a prospective comparison ofVCE andCTEC for the diagnosis
of small bowel involvement in established CD patients [20].
The diagnostic yields of VCE and CTE in three studies of
suspected or establishedCDpatients ranged from30% to 77%
and from 33% to 53%, respectively [12, 21, 22]. Two of these
studies reported a better diagnostic yield of VCE compared
with CTE [12, 21] but the other study, using ileocolonoscopic
findings and surgery as the gold standards, reported a similar
diagnostic yield of the two modalities for terminal ileal CD
[22]. However, although the diagnostic yield was similar
between VCE and CTE in that larger study (30% for VCE and
33% for CTE), VCE showed higher sensitivity and specificity
for the detection of terminal ileal lesions than CTE (sensitiv-
ity, 100% for VCE versus 76% for CTE; specificity, 91% for
VCE versus 85% for CTE) [22]. On the other hand, another
study reported that the sensitivity of VCE was similar to that
of CTEbut that the specificitywas inferior to that of CTE [23].
The sensitivity and specificity of VCE and CTE/CTEC may
result from different definitions of positive findings between
two modalities, but this study concluded the diagnosis of
small intestinal CD based on the consensus panel of the
coinvestigators instead of specifying findings for diagnosis of
small intestinal involvement. Considering the nature of each
diagnostic modality and the limited number of participants

in most studies, if the proportion of CD patients having
subtle small intestinal lesions was small, such studies could
not show the superiority of VCE in the diagnostic yield
comparing with CTE/CTEC. Although a few studies did not
show the superiority in diagnostic yield, recentmeta-analyses
concluded thatVCEhad superior diagnostic yield in the small
bowel CD compared with CTE/CTEC.

Several prospective studies reported the diagnostic yield
or performance of VCE and MRE/MREC (Table 3) and a
recent meta-analysis that included five prospective studies
reported that the effectiveness of VCE and MRE/MREC in
the diagnosis of small bowel CDwas comparable [18]. In spite
of similar diagnostic yields between two modalities, VCE
showed better sensitivity thanMRE/MREC in several studies.
One study suggestedMRECwas superior to VCE in the diag-
nostic performance. However, the diagnostic performance of
MREC in all participants (including 34% of stenotic CD)
was compared with the diagnostic performance of VCE in
the nonstenotic CD [24]. Therefore, this study is not suitable
to conclude the difference in the diagnostic performance
between VCE and MREC for the nonstenotic CD patients.

Four prospective studies [21, 25–27] and two abstracts
[28, 29] have compared the diagnostic yield of VCE and ileo-
colonoscopy in CD patients (Table 4). According to a recent
meta-analysis that included these six studies, the weighted
incremental diagnostic yield of VCE compared with ileo-
colonoscopy was 0.12 (95% confidence interval [CI], 0.00–
0.23; 𝑃 = 0.04). Because push enteroscopy cannot effectively
shorten the bowel, the depth of insertion is usually less than
120 cm from the Treitz ligament, even with an overtube [30,
31]. VCE and push enteroscopy in small bowel CD patients
have been described in only one prospective study [15]
and one abstract [28]. A meta-analysis of these two studies
showed that the weighted incremental diagnostic yield of
VCE compared with push enteroscopy was 0.43 (95% CI,
0.32–0.53; 𝑃 < 0.00001) [18].

3. Clinical Application of VCE in CD

3.1. Diagnosis of CD. According to the previous studies, the
diagnostic yield of VCE is better than that of SBFT or CTE/
CTEC and comparable to MRE/MREC. However, before
performing VCE, clinician should take into account several
things. First, diagnostic yield does not mean diagnostic accu-
racy. The diagnostic yield does not mean the number of tests
with “diagnostic” findings among the total number of tests but
the number of tests with abnormal findings among the total
number of tests.Moreover, there are no available standardized
VCE findings for diagnostic or specific to CD. Therefore, a
high diagnostic yield in a certain study does not indicate
high diagnostic accuracy and the diagnostic yield can also
be influenced by the study participants’ likelihood of having
CD. In a previous study, for example, the yield of VCE for
the evaluation of abdominal pain and/or diarrhea lasting
longer than 6 months was low [35], but 12 of 17 patients with
nondiagnostic ileocolonoscopic and radiologic studies, who
had abdominal pain, diarrhea, anemia, andweight loss for 6.3
years on average, showed abnormal VCE findings compatible
with CD [36]. The international conference on capsule
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Table 4: Comparison of video capsule endoscopy with ileocolonoscopy or push enteroscopy: diagnostic yield or performance for suspected
or established Crohn’s disease.

Study Design Number of cases Tests Definition/description for
positive findings Diagnostic yield

Bloom et al.
(2003) [29]

Prospective 16 VCE NA 56%
IL NA 50%

Bourreille et
al. (2006)
[25]

Prospective 31 (for postoperative
evaluation)

VCE

Erythema, villous denudation,
erosion, and ulceration
(Rutgeerts score ≥1 for the
recurrence at the neoterminal
ileum)

42–55% for neoterminal
ileum, 66–72% for entire

small bowel

IL Rutgeerts score ≥1 61%
Hara et al.
(2006) [21]

Prospective 17 (8 suspected and 9
established CD)

VCE Erosions, ulcers, or strictures 71%
IL Erosions, ulcers, or strictures 65%

Biancone et
al. (2007)
[26]

Prospective 17 (for postoperative
evaluation)

VCE

Separate detection of ulcers,
strictures, or stenosis in the
neoterminal ileum and/or
anastomosis

94%

IL Rutgeerts score ≥1 94%

Beltrán et al.
(2007) [27]

Prospective 24 (for postoperative
evaluation)

VCE
Aphthoid ulcerations, small
ulcer, cobblestone pattern, and
deep/fissural ulcerations

62% (15/21)

IL
Aphthoid ulcerations, small
ulcer, cobblestone pattern, and
deep/fissural ulcerations

25% (6/21)

Chong et al.
(2005) [15] Prospective 22 established CD VCE Erosions/ulcers 77%

PE NA 14%
Chong et al.
(2005) [15] Prospective 21 suspected CD VCE Erosions/ulcers 19%

PE NA 0
CD, Crohn’s disease; VCE, video capsule endoscopy; IL, ileocolonoscopy; PE, push enteroscopy.

endoscopy (ICCE) recommended that VCE should be con-
sidered for the patientswith suspectedCD if they presentwith
typical symptoms plus either extraintestinal manifestations,
abnormal inflammatory markers, or abnormal small bowel
imaging [37], and a retrospective study showed that the 57.9%
of patients fulfilling two criteria and 77.8% of patient fulfilling
3 or more criteria showed significant VCE findings but only
17.8% of patients showed significant VCE findings when they
did not meet ICCE criteria [38].

Second, suspected and established CD is the major risk
factor of capsule retention and thus, the presence of stricture
should be assessed before performing VCE. According to a
systematic review, the pooled capsule retention rate for all
indications was 1.4% and the retention rate for indications of
CDwas 2.6%.The retention rate in suspectedCDpatients and
establishedCDpatients ranged from0% to 5.4% and from0%
to 13.2%, respectively [11, 13, 14, 20, 36, 39–43]. Six prospective
studies reported that VCE was successfully completed with-
out retention in all patients with suspected intestinal stricture
after passage of an intact patency capsule [44–49]. A ret-
rospective study comparing patency capsule with radiologic
studies (10 CT, 29 CTE, 9MRE, and 2 SBFT) for the detection
of significant strictures in order to avoid capsule retention
reported that both patency capsule and radiologic studies
showed equivalently high sensitivity and negative predictive

value for the detection of significant intestinal strictures,
defined as strictures that require surgery due to bowel
obstruction or capsule retention [50]. Based on these reports,
a recent guideline for VCE has recommended that significant
small bowel strictures be ruled out before VCE by performing
a patency capsule study and/or small bowel radiological study
in suspected or established CD patients [18].

Third, the clinical impact of VCE on the management of
suspected or established CD patients should be considered.
Several retrospective studies suggested that VCE led to a
definitive diagnosis of CD, changed the management of CD,
or had a potential impact on the prognosis prediction of CD
[51–56]. In a small prospective pediatric study, VCE reclassi-
fied 2 of 4 ulcerative colitis or indeterminate colitis patients
and 8 of 10 suspected IBD patients as small bowel CD [57]. In
another pediatric study, 50% of ulcerative colitis or unclassi-
fied IBD patients were finally diagnosed with CD and, more
importantly, 94% of the suspected IBD patients were finally
diagnosed as not having IBD [58]. The high negative predic-
tive value (96%–100%) of VCE in other studies [22, 39, 59]
suggests that VCE may have a significant advantage in the
exclusion of the small bowel involvement of CD and IBD.

Given the risk of capsule retention, the absence of a stand-
ardized definition or description of VCE findings in small
intestinal CD, and the lack of data related to the clinical
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impact or optimal indications of VCE, the role of VCE in
the diagnosis of CD is still controversial and needs to be
established more in detail. The second European evidence-
based consensus on the diagnosis and management of CD
stated that VCE can be used as a first-line test after exclusion
of significant stenosis using a patency capsule or as a second-
line test in patients in whom the clinical suspicion for
CD remains high despite negative evaluations with ileo-
colonoscopy and radiologic examination [60]. The recent
Korean guidelines for VCE in CD suggested that “in well-
selected patients with a high suspicion of CD,” VCE is useful
for diagnosing CD after negative ileocolonoscopy and small
bowel radiologic examination [18]. Recently, the European
Society of Gastrointestinal Endoscopy (ESGE) suggested
different diagnostic recommendations for suspected CD and
established CD [61]. In patients with suspected CD and neg-
ative ileocolonoscopy findings, the ESGE recommends VCE
as the initial diagnostic modality for investigating the small
bowel in the absence of obstructive symptoms or known
stenosis [61]. On the other hand, in patients with established
CD based on ileocolonoscopy findings, if the cross-sectional
imaging tests were unremarkable or nondiagnostic and it is
believed that VCE would influence patient management, the
ESGE recommended VCE as a subsequent test [61].

3.2. Assessment of Disease Activity. Mucosal healing has been
reported to be associated with better long-term prognosis in
CD and has recently been considered to be a new target of
CD treatment. VCE is useful to assess the disease activity
and treatment response in small intestinal CD by providing
information about the status of the small intestinal mucosa.
Two VCE-based scoring systems have been suggested to
quantify the extent of small intestinal disease inCD: the Lewis
score and the Capsule Endoscopy Crohn’s Disease Activity
Index (CECDAI). The Lewis score uses three parameters—
villous edema, ulceration, and stenosis—and the score for
each parameter is weighted based on the extent and severity
[62]. The whole small intestine observed by VCE is divided
into three tertiles; the levels of villous edema and ulceration
are scored for each tertile but stenosis is graded in the
whole study, independent of the individual tertiles. When
the scores were matched with the global assessment of
mucosal disease activity, Lewis scores <135, 135–790, and
>790 were categorized as normal, mild-to-moderate, and
severe mucosal disease activity, respectively.

The other VCE-based CD disease activity assessment
system, CECDAI [63], divides the small intestine into proxi-
mal and distal segments and uses different weights for three
parameters: inflammation, extent of disease, and stricture.
Thefinal score is the sumof the proximal and distal segmental
numbers and ranges from 0 (normal study) to 36 (severe dis-
ease).The interobserver agreement for theCECDAI scorewas
excellent, with a Kappa value of 0.867. Good interobserver
agreement of CECDAI was also validated in a prospective
multicenter study of isolated small intestinal CD patients,
but this study failed to show any significant correlation
between CECDAI and the Crohn’s Disease Activity Index
(CDAI) or the Inflammatory Bowel Disease Quality of Life
Questionnaire (IBDQ) [64]. In a retrospective study, the

Lewis score showed a statistically significant correlation with
CECDAI (𝑟 = 0.6324), but the Lewis score showed a better
correlation with fecal calprotectin levels than CECDAI in CD
patients with fecal calprotectin <100 𝜇g/g [65].

On the other hand, another retrospective multicenter
study showed a poor correlation between fecal calprotectin
and the Lewis score in CD patients, and exclusion of isolated
colonic CD did not significantly improve their correlation.
Therefore, the correlation between fecal calprotectin and the
Lewis score or CECDAI is still controversial and should be
investigated further. A recent retrospective study reported
that therapeutic change was recommended in 14.5%, 48.1%,
and 87.1% of patients with no small intestinal inflammation
(Lewis score<135),mild small intestinal inflammation (Lewis
score, 135–790), and moderate-to-severe small intestinal
inflammation (Lewis score>790), respectively [55]. However,
little is known about the roles of VCE-based disease activity
indexes as indicators of treatment alterations or prognosis
predictors. Further studies should be performed to determine
the clinical implication of these indexes in the management
of CD patients with small intestinal involvement.

3.3. Assessment of Postoperative Recurrence. Postoperative
recurrence is quite common in CD and endoscopic recur-
rence usually precedes clinical recurrence. Therefore, post-
operative surveillance of recurrence is an important issue in
the management of CD. According to a prospective study
that compared the usefulness of VCE and ileocolonoscopy
as tools for monitoring postoperative CD recurrence, VCE
seems not to be superior to ileocolonoscopy in the detection
of endoscopic recurrence [25]. However, in that study, the
investigators assessed the findings just around the anastomo-
sis, which can be easily assessed by ileocolonoscopy in most
postoperative cases. Another study suggested that VCE is
more effective in the evaluation of recurrence after surgery for
CD and is better tolerated than ileocolonoscopy [27]. Other
studies also supported the usefulness of VCE as a noninvasive
monitoring tool for postoperative recurrence of CD [26, 66],
but further prospective studies with large number of patients
are necessary to confirm the clinical usefulness of VCE for the
detection of the postoperative recurrence of CD.

4. Conclusion

The diagnostic accuracy of VCE is superior to that of SBFT
and CTE/CTEC and comparable to that of MRE in the
diagnosis of CD. VCE is also more sensitive for the detection
of subtle mucosal inflammation thanMRE.Therefore, poten-
tial benefits from VCE can be anticipated in the diagnosis,
management, and surveillance of postoperative recurrence
CD. The therapeutic impact of VCE in CD could be derived
from its accurate diagnosis and information on the extent of
disease or disease activity, and several retrospective studies
have reported that CD management changed after VCE
in 53%–61.6% of patients [52, 54, 55]. VCE has a higher
negative predictive value for the diagnosis of small intestinal
CD than other modalities [22] and clinical and serologic
disease activity indexes of CD show no or weak correlation
with endoscopically assessed mucosal disease activities [64,
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67, 68]. Therefore, even a normal VCE finding may be
helpful for the management of symptomatic CD patients
because it suggests a noninflammatory origin of symptoms
such as those of irritable bowel syndrome. However, clinical
experience with VCE for the diagnosis and management of
CD is still limited despite the advantages of VCE over other
modalities. The risk of capsule retention, lack of evidence on
the clinical benefit, and lack of established indications for
VCE in CD may limit the widespread use of VCE in clinical
practice for suspected or established CD patients. Further
studies are required tominimize the risk of capsule retention,
to assess the clinical benefits and impact of VCE, and to
establish the indications for VCE in CD.
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