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Inflammatory bowel diseases are idiopathic inflammatory diseases of two main types, Crohns disease and ulcerative colitis. Crohn's
disease can affect the entire gastrointestinal tract, and the distal ileum is involved in up to 70% of patients. Moreover, Crohns disease
in one-quarter to one-third of patients involves isolation of the small bowel. Due to the nonspecific symptoms and anatomical location
of the disease, small bowel Crohn’s disease is a phenotype that is particularly difficult to manage. Since the introduction of capsule
endoscopy in 2000 and balloon-assisted enteroscopy in the 21st century, it is now possible to directly inspect for small bowel Crohn’s
disease. However, the new modalities still have limitations, such as capsule retention and invasiveness of balloon-assisted enteroscopy.
The diagnostic yields of both capsule endoscopy and balloon-assisted enteroscopy are high for patients with suspected small bowel
Crohn's disease. Therefore, earlier use of capsule endoscopy or balloon-assisted enteroscopy can help with the diagnosis and earlier
treatment of these patients to avert possible disastrous outcomes. Clin Endosc 2017;50:417-423
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INTRODUCTION

Inflammatory bowel diseases (IBDs) are idiopathic inflam-
matory diseases affecting the gastrointestinal tract. IBDs can
be categorized broadly into two types, Crohns disease (CD)
and ulcerative colitis (UC).! CD can involve the entire gastro-
intestinal tract and cause intestinal mucosal and transmural
inflammation. CD with gastrointestinal tract ulceration and
prolonged ulceration with transmural inflammation and fi-
brosis can lead to lumen stricture and fistula."

Diagnosis and management of terminal ileal CD can usual-
ly be performed with ileo-colonoscopy; however, small bowel
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CD requires other new diagnosis techniques. Over the past
decade, the published research has suggested that small bowel
capsule endoscopy (CE) and balloon-assisted enteroscopy
(BAE) are efficacious in the treatment of small bowel CD.' In
this review, we discuss the efficacy and limitations of CE and
BAE for treatment of suspected small bowel CD.

SMALL BOWEL CROHN’S DISEASE

CD is a heterogeneous disease comprising several different
phenotypes that can affect the entire gastrointestinal tract."
According to the 2005 Montreal classification of CD, patients
are classified according to their “age at diagnosis’, “disease
location’, and “disease behavior”’ Small bowel CD can occur
in up to 70% of patients with CD, and the distal ileum is the
most commonly affected site. Moreover, isolated small bowel
disease can occur in up to one-third of patients with CD."*

Isolated small bowel CD is a particularly difficult pheno-
type to identify and manage due to its nonspecific symptoms
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and anatomical location.' Up to 13% of normal asymptomatic
people are diagnosed with small bowel lesions through CE."
Small bowel CD is highly resistant to current treatments;
therefore, it leads to complications over time, such as strictures
and performation in terms of complications such as stricture
and perforation.' Its clinical response does not correlate with
mucosal healing.” Therefore, direct observation of the small
bowel mucosa is necessary to ensure that mucosal healing or
deep remission is achieved for these patients.

In the past, small bowel CD could only be assessed by small
bowel follow through (SBFT); more recently, cross-sectional
images such as computed tomography enterography (CTE) or
magnetic resonance enterography (MRE) have become useful.
With the introduction of CE and BAE, we can now directly
inspect the entire small bowel.”

CAPSULE ENDOSCOPY

Role, efficacy, and limitations of CE in cases of sus-
pected CD

Since its introduction in 2000, CE has served as a non-
invasive tool for the direct visualization of the entire small
intestinal mucosa, which was previously inaccessible by con-
ventional endoscopic techniques.” As technology has evolved,
five different CE systems have become available: Medtronic
Pillcam SB3, Intromedic MiroCam, Olympus EndoCapsule,
Jinshan Science and Technology OMOM capsule, and Capso-
Vision CapsoCam SV3. Each differs slightly in design (i.e.,
capsule size, number of cameras, weight, image frame rate,
image transmission method, and image capture battery life),

but they do not differ substantially in diagnostic yield.”

CD is a chronic inflammatory disorder the potentially in-
volves the entire gastrointestinal tract.” Tleo-colonoscopy is a
commonly used tool to diagnose and assess disease activity
among patients with CD to guide treatment and improve
patient outcomes with mucosal healing. However, the small
bowel is involved in one-quarter to one-third of patients, and
a diagnostic delay is not uncommon using conventional di-
agnostic tests. Fireman et al. first reported a high diagnostic
yield (71%) of CE to diagnose patients with small bowel CD."
Girelli et al. reported the use of CE for suspected small bowel
CD with a diagnostic yield of 59%, sensitivity of 93%, and
specificity of 84% during long-term follow-up."

Some common findings from using CE in patients with
CD include erythema, mucosal edema, ulceration, loss of villi,
mucosal fissures, and stenosis (Fig. 1)."” For CD activity mon-
itoring, two CE scoring systems, the Lewis score and the CE
CD Activity Index, can be used to provide endoscopic assess-
ment of disease activity during CE."*"* CE findings of mucosal
lesions alone are insufficient to establish a diagnosis of CD, es-
pecially in the absence of typical symptoms, lack of increased
inflammatory markers, or supportive findings through small
bowel imaging.” A differential diagnosis of small bowel ulcers
found during CE includes medication (i.e., enteropathy in-
duced by nonsteroidal anti-inflammatory drugs [NSAIDs], ra-
diation enteritis, intestinal tuberculosis, and Behcet’s disease).'®
It is generally recommended that NSAIDs be stopped 4 weeks
prior to CE examination for suspected CD.*"

The clinical presentation of CD commonly features abdom-
inal pain, weight loss, and prolonged diarrhea, especially in

young patients.”*"” A clinical history of diarrhea or abdominal

Fig. 1. Small bowel Crohn’s disease images captured by capsule endoscopy. (A) Deep ulceration of the jejunum. (B) Ulcerative stenosis of the ileum.
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pain for >6 weeks with laboratory findings of inflammation,
such as elevated C-reactive protein, elevated erythrocyte sedi-
mentation rate, or increased fecal calprotectin level, is suggestive
of CD.* A meta-analysis reported a low diagnostic rate of CE
when the fecal calprotectin level was <50pg/g;" therefore, CE is
not warranted for investigation in patients with chronic pain or
diarrhea as the sole symptom without evidence of inflammation

12,1517 . "
CE is more sensitive than oth-

or radiological abnormalities.
er imaging modalities for detecting mucosal changes in the small
bowel. In addition to ileo-colonoscopy, CE provides information
about the small bowel mucosa and disease extent.” When CD
involves the small bowel distal to the duodenum and proximal
to the terminal ileum, ileo-colonoscopy may result in a negative
finding. Overall, CE is a recommended tool for patients with

clinical features suggestive of CD but with negative ileo-colonos-

copy findings.**'** CE is also helpful for reclassifying patients
with colonic IBD who are not classified as having CD or UC.
The reported diagnostic yield of CE for suspected CD was
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52%-68% in a meta-analysis of 12 trials.” The use of CE for
suspected CD has an overall diagnostic accuracy of 83.2%
sensitivity of 89.5%, specificity of 78.9%, positive predictive
value of 73.9%, and negative predictive value of 91.8% using a
Lewis score cutoff value of >135." In contrast, a negative CE
for suspected CD has a very high negative predictive value of
96% for ruling out CD during follow-up.”**
significant small bowel inflammatory activity, CE helps clini-

In the absence of

cians exclude the diagnosis of CD in 94% of cases.”

Compared with other imaging modalities, CE has the advan-
tages of being noninvasive, enabling a direct mucosal examina-
tion, and excellent visualization of the proximal small bowel,
but it is limited by its inability to obtain biopsy specimens and
the potential risk of capsule retention in stricturing CD.*

Comparison of CE with radiological study in cases
of suspected CD
Compared with a radiologic study, CE can depict small

Fig. 2. Retention of capsule endoscope and endoscopic retrieval. (A) Capsule
endoscopy finding of stenosis of the jejunum. (B) Capsule retention for 2 weeks,
revealed by oral-route enteroscopy. (C) Successful retrieval of the retained cap-
sule via enteroscopy.
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bowel ulcers, villous changes, and proximal disease, whereas
a radiologic study is better for demonstrating extraluminal
disease (i.e., abscesses or fistula and excluding patients with
strictures). Several reports have compared CE with radio-
logic studies in cases of suspected small bowel CD. In one
meta-analysis of 19 studies of patients with suspected CD, CE
was compared with SBFT, enteroclysis (EC), CTE, and MRE.”
The diagnostic yield of CE was significantly higher than that
of SBFT (66.0% vs 21.3%, respectively, p<0.00001) and EC
(75.7% Vs 29.4%, respectively, p<0.0008).” However, CE did
not display a superior diagnostic yield compared to CTE
(72.5% vs 22.5%, respectively, p=0.19) or MRE (85.7% vs 100%,

Patients with clinical features suspected CD with

negative ileocolonoscopy and imaging studies

l

Known or suspected strictures of small bowel?

No Yes

No stricture | patency Capsule or MRE/CTE for

Capsule Endoscopy
evaluation of stricture

stricture|

Consider other modality, i.e.

MRE/CTE or enteroscopy

Fig. 3. Role of capsule endoscopy in suspected Crohn’s disease proposed
by Van de Bruaene et al.*' CD, Crohn’s disease; MRE, magnetic resonance
enterography; CTE, computed tomography enterography.

respectively, p=0.52).” Regarding patients with suspected CD,
two studies reported that the sensitivity and specificity of CE
were 62%-100% and 50%-100%, respectively, whereas those
for MRE were 77% and 80%, respectively.””’ In one prospective
blind study, CE reportedly had a similar overall diagnostic
yield to that of MRE or CTE.” The authors found that MRE
and CTE missed lesions that were primarily superficial and
proximal to the terminal ileum compared with CE (p<0.05)
and recommended CE as the first-line modality for the detec-
tion of small bowel CD beyond the reach of colonoscopy.”

Risk of capsule retention

As a noninvasive study, the main concern of CE is capsule
retention, which is defined as failure to pass for >2 weeks;
the longest reported capsule retention was 6 years and 10
months.*” Risk factors for capsule retention include known
small strictures, a history of small bowel obstruction, previ-
ous bowel surgery, and extensive small bowel CD.** Although
most cases of capsule retention are asymptomatic, its man-
agement includes surgical removal, extraction by deep en-
teroscopy (Fig. 2), or the administration of a short course of
anti-inflammatory therapy.*** A meta-analysis found a reten-
tion rate of 3.6% for suspected IBD and 8.2% for established
IBD compared with 2.2% for other indications.” The rate
of CE retention decreased by half in the post-performance
analysis of a patency capsule or CTE in patients with IBD to
exclude strictures.” Small bowel radiological evaluations or
the use of patency capsule examinations is recommended
before CE in the evaluation of patients with suspected or es-

____S U -

Fig. 4. A 37-year-old man reported chronic abdominal pain for more than 2 years. Abdominal computed tomography revealed (A) swelling of the small bowel wall. (B)
Small bowel Crohn’s disease with ulceration and stricture (yellow arrow) was diagnosed via single-balloon enteroscopy.

420



tablished CD.”* A proposed use of CE for suspected CD is
illustrated in Fig. 3.”

BALLOON-ASSISTED ENTEROSCOPY

BAE, including single-balloon enteroscopy (SBE) and
double-balloon enteroscopy (DBE), is an examination of the
small bowel using any endoscopic technique that includes
a balloon-assisted procedure. The development of BAE has
revolutionized small bowel examinations and has major im-
plications for the histological diagnosis and therapy of small
bowel CD (Fig. 4)." BAE may also be the first-line tool for
patients with capsule retention due to the possibility of small
bowel strictures.”

DBE in cases of suspected small bowel CD

DBE, developed in 2001 by Yamamoto et al,, is a useful
tool in the diagnosis and therapy of small bowel CD.** DBE
can clarify diagnoses in patients with suspected small bowel
CD with a 30%-80% diagnostic yield."** In one study of
399 cases of DBE, 122 procedures were performed in 100
patients with suspected CD. The DBE findings were positive
in 60% of patients, an alternative diagnosis was made in 12%,
and 45% of the patients received treatment for CD.” In an-
other retrospective study of 98 DBE procedures performed
in 43 patients with suspected CD, the diagnostic yield was
79% (34/43 patients).” A study of multiple medical centers
in Korea also indicated that DBE is a promising alternative
and useful technique for patients with suspected CD, with
a diagnostic rate of CD in 80% of patients (24/30).* A large
prospective DBE database in Germany with a total of 2,245
prospectively reported DBE procedures performed in 1,765
patients indicated pathological findings in 91 of 193 patients
with known or suspected CD (47%).*

SBE in small bowel CD

SBE, introduced in 2007, uses an enteroscope with an
overtube and only one silicone balloon. SBE uses a simpler
device than DBE and is more convenient to use.””** In one
study of 73 SBE procedures performed in 70 patients, includ-
ing nine with suspected small bowel CD, small bowel CD
was diagnosed in four patients."

SBE is also a safe and useful endoscopic procedure for pe-
diatric patients with suspected small bowel CD; in one study,
among 16 such patients, SBE aided in the diagnosis of small
bowel CD in 12 (75%)." In another study of 14 patients with
suspected small bowel CD, eight (57.1%) had a diagnosis of
CD after SBE.”

Yen HH et al. Small Bowel Crohn’s Disease

Balloon-assisted enteroscopy versus other modalities

A study of multiple medical centers in Korea indicated
that DBE demonstrated definite CD in 80.0% of patients,
whereas SBFT and computed tomography angiography
revealed abnormal findings of small bowel CD in 73.1%
and 64% of patients, respectively.” MRE can diagnose small
bowel CD accurately, and it offers the advantage of detecting
mucosal abnormalities including transmural and extramu-
ral manifestations of CD." For ulcerative lesions, the sensi-
tivity and specificity were of MRE were 82.4% and 87.6%,
respectively. In addition, for mucosal lesions, the sensitivity
and specificity were of MRE were 67.5% and 94.8%, respec-
tively.” However, MRE has some limitations. Although not
commonly seen, the MRE procedure can be complicated by
vomiting (11%) and mild allergic rash (3%) after intravenous
contrast injection;” moreover, histological results cannot be
obtained at all by MRE in contrast to BAE."”

CE is an effective tool for diagnosing small bowel CD;
however, capsule retention in stenotic small bowel CD and a
lack of therapeutic applications limit its use.’ In small bowel
CD, CE use is also considerably hampered by the high prev-
alence of stenotic lesions.” In addition, among the diagnostic
endoscopy methods for CD, CE is the most expensive. On
comparing BAE with CE in suspected small bowel CD, a
preliminary study of 44 patients who underwent a prior CE
underwent DBE, after which CD was excluded in 9% of pa-
tients and a new diagnosis of CD was made in 14%."

Safety of balloon-assisted enteroscopy in small bowel
CD

BAE is a relatively safe procedure in suspected cases of CD,
and there are only a few reports of complications.” In one
systemic review, which included 73 studies reporting 2,340
BAE procedures on 1,812 patients, in diagnostic DBE, the
per-procedure perforation rate of CD was 0.12%, which was
similar to all indications (0.22%). However, the per-proce-
dure perforation rate in CD of therapeutic BAE was 1.74%.”

CONCLUSIONS

Isolated before small bowel CD is a particularly difficult
phenotype to diagnose, is highly resistant to treatment, and
frequently results in complications. The early use of CE or
BAE can aid in diagnosing symptomatic cases of suspected
small bowel CD, possibly leading to early treatment and
averting disastrous outcomes for these patients.
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