
INTRODUCTION

Crohn disease (CD) is a chronic inflammatory bowel dis-
ease (IBD) characterized by intestinal ulceration. CD affects 
the entire gastrointestinal tract but is most frequently localiz-
ed to the large and small bowel. It is difficult to evaluate subtle 
mucosal changes in the small bowel in patients with CD by 
radiographic examination. Push enteroscopy was the standard 
modality for evaluating subtle mucosal changes in the small 
bowel in patients with CD; however, this technique only allows 
limited endoscopic access for diagnosis and treatment. New 
modalities for examining the small bowel, such as capsule en-
doscopy (CE), balloon-assisted endoscopy (BAE), and spiral 
endoscopy, have been used in the present decade. Although 
the usefulness of small bowel endoscopy in the diagnosis and 
treatment of IBD has not yet been definitely established, it is 
expected to be used as a diagnostic and therapeutic modality 
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in some cases of IBD.

SMALL BOWEL ENDOSCOPY IN IBD

CE in IBD
CE was introduced as a novel method for direct explora-

tion of the mucosa of the small bowel.1 It has been shown to 
be a useful diagnostic modality in small bowel disorders. The 
advantages of CE are that it is noninvasive, requires no seda-
tion, and can be performed easily even in outpatients; howev-
er, CE cannot be used to clean the mucosa or take biopsy spe-
cimens, and the movement of the endoscope in the intestine 
cannot be controlled. A novel paddling-based locomotive cap-
sule endoscope was developed, which showed fast and stable 
movement in the colon of an anesthetized pig.2 When this new 
capsule endoscope becomes available for use in humans, the 
disadvantages of CE will gradually decrease.

Capsule endoscope retention is a major complication in CE. 
It is defined as the presence of the capsule endoscope in the di-
gestive tract for a minimum of 2 weeks or more. The overall 
rate of capsule retention in patients is reported to be approxi-
mately 1% to 2.5%.3-9 In a previous Korean study, Kim and 
Jang10 reported that capsule retention occurred in 2.5% of the 
total patients (32/1,291), and that 11 of the 32 (34.4%) patients 
with capsule retention eventually passed the capsule. A high-
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er rate of capsule retention (5.6% to 13%) has been reported in 
patients with CD than in control patients.11,12 Once CE is reta-
ined, endoscopic or surgical removal is often necessary. Many 
patients with capsule retention are asymptomatic and do not 
require emergency intervention. However, some case reports 
have shown that acute symptomatic small bowel obstruction 
requiring emergency intervention can occur because of intes-
tinal perforation due to capsule retention.13-17

Several case reports have shown that a balloon-assisted en-
doscope can reach the deep small bowel and can be utilized to 
retrieve the retained capsule in patients not requiring emerg-
ency intervention.9,18-21 However, the retained capsule cannot 
always be removed using BAE. In particular, patients with CD 
may have several strictures or severe adhesion, which are often 
located at sites distal to the small intestine. Even if some stric-
tures can be dilated using endoscopic balloon dilation (EBD) 
via a retrograde approach, it may not always be possible to di-
late a more proximal stenosis responsible for the retention.

To avoid capsule retention in patients with CD, CE should 
be performed after patency of the small intestine is established 
using a patency capsule. In Japan, as specified by the Japanese 
public health insurance system, CE cannot be performed in 
patients with established CD without first establishing the pa-
tency of the small intestine by using a patency capsule.

The Agile patency capsule, which is a self-dissolving capsule 
of the same size as the PillCam SB2 capsule (Given Imaging, 
Yoqneam, Israel), has been used to detect intestinal strictures 
in patients with suspected strictures. This Agile patency cap-
sule is composed of lactose with 5% barium that surrounds a 
small inner radio frequency identification tag. The body is 
coated with an impermeable membrane. Two timer plugs at 
each end seal the capsule’s body. There is an opening in each 
wax plug, which allows penetration by intestinal fluids. The 
wax plugs control the disintegration time of the capsule, and 
begin to erode after 30 hours if the capsule is retained in the 
intestine, by allowing penetration of body fluids into the cap-
sule and dissolving the material in the body. If the patency cap-
sule is egested intact, the patency of the small bowel is consid-
ered to be established. Any changes in its original dimensions, 
such as a disintegrating soft body or an empty shell and tag, 
show that patency could not be established. The patency cap-
sule used in Japan is a modified version of the Agile patency 
capsule stated above, and it contains no radio frequency iden-
tification tag to avoid the risk of obstructive symptoms due 
to the tag becoming lodged in the strictures.

BAE in IBD
Double-balloon endoscopy (DBE), which involves the use 

of two balloons (one is attached to the tip of the endoscope 
and the other to the distal end of the accompanying over-

tube), and single-balloon endoscopy (SBE), which is based 
on principles similar to those of DBE, were developed as new 
techniques for visualization and intervention in the small bo-
wel.22 These two types of endoscopies collectively constitute 
BAE. Oshitani et al.23 reported the experience of BAE in 40 
Japanese patients with CD. The utility of DBE was compared 
to that of small-bowel follow-through (SBFT) examination in 
detecting longitudinal ulcers, erosion, and strictures in 30 pa-
tients. The SBFT examination failed to detect not only faint 
mucosal changes such as erosions in 100% (nine of nine pa-
tients) of the patients but also longitudinal ulcers in 22% of 
the patients (four of 18 patients).

Unlike CE, BAE has the advantage of enabling histological 
examination of the deep small bowel via biopsy specimen col-
lection. De Ridder et al.24 reported the diagnostic value of SBE 
in children with suspected IBD and those with confirmed CD 
with possible small bowel activity. In their study, endoscopic 
lesions in the small bowel were observed in 13 of 20 consecu-
tive patients, and in 12 of these 13 (92%) patients, inflamma-
tion was confirmed by histopathological examination.

Diagnostic DBE was accompanied by complication in less 
than 1% of cases.25 The specific complication rate of BAE in pa-
tients with IBD is not clear. When BAE is performed in pa-
tients with IBD, particular attention should be paid to not in-
flate the overtube balloon on the deep ulcerative mucosa in 
order to avoid intestinal perforation. Although active CD le-
sions tend to develop on the mesenteric side of the bowel wall, 
it is relatively difficult to examine the mesenteric side by us-
ing BAE because during the endoscopic insertion, the ileum 
twists toward the mesenteric side, and the view of the scope 
tends to skew toward the antimesenteric side. Therefore, en-
doscopists need to be careful to avoid missing active deep ul-
cers even in the presence of longitudinal ulcers.

Spiral endoscopy in IBD
Spiral endoscopy is the new per-oral endoscopic procedure 

for visualizing the small bowel.26 Recently, a per-anal proce-
dure has become available for clinical application. In this 
procedure, an overtube with a raised helix tip is used to pleat 
the small bowel. The coupled endoscope and overtube are 
advanced into the small bowel by using gentle clockwise ro-
tation of the overtube. Several studies have reported that spi-
ral endoscopy is a safe and effective method for diagnosis and 
treatment in the small bowel.26-32 However, no studies have 
compared the usefulness of spiral endoscopy with that of other 
modalities in patients with CD or have clarified the reason 
why spiral endoscopy may be relatively traumatic to the mu-
cosa in patients with CD.



Yamagami H et al. 

  323

APPLICATION OF SMALL BOWEL 
ENDOSCOPY IN IBD

The applications of small bowel endoscopy in IBD are sh-
own in Table 1.

Differential diagnosis in suspected IBD
In patients with colitis with an unclassified type of IBD 

(IBDU), or suspected CD based on medical history and phy-
sical examination, evaluation of the small bowel may be useful 
to revise a diagnosis. Mehdizadeh et al.33 reported the diag-
nostic yield of CE in patients with ulcerative colitis (UC) or 
IBDU. Of 120 patients with UC or IBDU, 19 patients (15.8%) 
had endoscopic findings consistent with the diagnosis of CD. 
Eighteen of these 19 patients (95%) with positive findings on 
CE had previously undergone SBFT examination, and only 
one patient showed findings consistent with CD.

CD is characterized by the presence of chronic inflammato-
ry infiltrates and fibrosis. Early treatment of CD may improve 
these conditions. Therefore, early diagnosis of CD is prefera-
ble for improving the suspected CD conditions. Small bowel 
endoscopy can help in the early detection of active disease, 
thus leading to early therapy before the onset of clinical symp-
toms of established CD. Longitudinal ulcers on the mesenteric 
side of the small bowel, a cobblestone-like mucosal appear-
ance, stenosis, aphthous ulcers, fissures, and fistulas are typi-
cally observed in established CD; however, it has not yet been 
established that the diagnostic criteria of early CD mainly 
depend on endoscopic findings.

Mehdizadeh et al.34 reported the diagnostic yield of CE in 
patients with CD; 52 of 134 patients (39%) with CD had CE 
findings diagnostic of active CD (>3 ulceration), and 17 patients 
(13%) had findings suggestive of active CD (≤3 ulceration), 
i.e., defined small bowel ulcers that were serpiginous, deep fis-

suring, coalescing, linear, or nodular. It is unclear whether the 
number of ulcers is important to diagnose CD. It is desirable 
to collect early endoscopic findings of CD and to establish 
how definite diagnosis of CD can be made in suspected CD 
patients by only using the endoscopic findings. This is because 
tiny mucosal lesions can be observed in 13% of normal, as-
ymptomatic individuals by using CE,6 and high sensitivities 
(77% to 93%) of CE for diagnosis of CD in patients have been 
reported;35-37 however, a low positive predictive value of CE has 
also been reported.36 Small bowel endoscopy can help in the 
analysis of the location and activity of active small bowel CD. 
These findings can help us to evaluate the effectiveness of 
current medical therapy and to determine the best therapeu-
tic strategy.

Evaluation of small bowel in established CD
Computed tomography enterography (CTE) and magnetic 

resonance enterography (MRE) are useful diagnostic tools in 
patients with CD, especially for detecting intramural and ex-
traluminal pathology such as fistulas, abscesses, and thicken-
ing of the intestinal wall in patients with CD. Previous studies 
comparing the effectiveness of CTE and MRE have shown si-
milar sensitivities and specificities of these techniques for de-
tection of small intestinal CD.38,39 In recent studies, CTE and 
MRE showed similar accuracies in detecting active inflamma-
tion; however, MRE was significantly more sensitive than was 
CTE in detecting fibrosis.40 A recent meta-analysis of patient 
with suspected and established CD demonstrated a signifi-
cantly increased diagnostic yield of CE compared with that of 
small bowel radiography, CTE, conventional ileocolonoscopy, 
and push enteroscopy.41 Jensen et al.42 reported that CE had 
comparable sensitivity and specificity for diagnosis of CD of 
the terminal ileum with CTE and MRE, and proximal CD was 
detected in 18 of 87 patients by using CE, compared with two 
and six patients by using CTE and MRE, respectively.

Although CD was originally described as regional ileitis, a 
chronic inflammatory disease restricted to the terminal ileum, 
previous reviews have estimated that 40% to 55% of the pa-
tients have ileocecal involvement, 15% to 25% have colonic in-
volvement, and 25% to 40% have small bowel involvement.43,44 
Conventional ileocolonoscopy can be used to evaluate the co-
lon and the terminal ileum, which is the most common site of 
small bowel involvement in patients with CD. However, some 
patients with CD have mucosal inflammatory changes not in 
the terminal ileum but in the proximal small bowel, and con-
ventional ileocolonoscopy cannot detect ileal involvement 
proximal to the terminal ileum. Recently Samuel et al.45 repo-
rted that ileocolonoscopy, compared with CTE, is not suffi-
cient for evaluating small bowel involvement. Of 153 patients 
with CD who underwent both CTE and ileocolonoscopy with 

Table 1. Usefulness of Small Bowel Endoscopy in Inflammatory 
Bowel Disease

A. Diagnosis
Differential diagnosis in suspected inflammatory bowel disease
Evaluation of the small bowel in patients with established 
  Crohn disease
Diagnosis in the early stage
Diagnosis of the intestinal stenosis, fistula, and cancer
Evaluation of the location of active disease
Evaluation of the disease activity 
Evaluation of the efficacy of current medical therapy
Evaluation of disease recurrence after surgery

B. Therapy
Endoscopic balloon dilation for strictures
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terminal ileum intubation, 67 patients (44%) revealed no ter-
minal ileum involvement macroscopically, and of these 67 
patients, 36 (54%) were considered to have active CD based 
on the referential standard. Of these 36 patients, 11 patients 
showed active small bowel involvements that were beyond 
the reach of conventional ileocolonoscopy. BAE, not conven-
tional ileocolonoscopy, may be useful for the evaluation of 
small bowel involvement in CD. BAE can be used to examine 
the deep small bowel, and BAE revealed small bowel disease 
activity that was beyond the reach of conventional endoscopy 
in 60% to 89% of the patients.23,24 Oshitani et al.23 reported 
that, of 38 CD patients who underwent DBE for evaluation of 
small bowel involvement, seven patients had terminal ileum 
disease, and ileal involvement proximal to the terminal ileum 
was revealed in 27 CD patients. Of these 27 patients, 24 pa-
tients (89%) had no involvement of the terminal ileum.

Although small bowel endoscopy is useful in the manage-
ment of CD, the number of unnecessary endoscopic proce-
dures should be reduced with regard to the cost-effectiveness 
and invasiveness of the procedures. CTE is a cost-effective al-
ternative to SBFT in patients with suspected small bowel CD, 
and CE is not a cost-effective approach when used as the third 
diagnostic test after ileocolonoscopy and negative CTE or 
SBFT.46 The level of the acute-phase protein fecal calprotectin 
can be a surrogate marker for the presence of gastrointestinal 
inflammation. A recent meta-analysis showed that fecal cal-
protectin had a sensitivity of 93% for detecting inflammatory 
bowel diseases including both UC and CD.47 Particularly in 
CD, the utility of fecal calprotectin remains inconclusive. A 
study evaluating the utility of calprotectin in the diagnosis of 
CD has shown that the sensitivity of fecal calprotectin in pa-
tients with isolated small bowel CD and colonic CD is 92% 
and 94%, respectively, and that the negative predictive value 
of fecal calprotectin is 92%.48 Koulaouzidis et al.49 reported in 
their retrospective study that 32 patients who had fecal cal-
protectin <100 g/g had normal CE findings, and 15 of 35 pa-

tients who had fecal calprotectin >100 g/g had CE findings 
compatible with those for CD; therefore, fecal calprotectin is 
a useful marker to rule out CD and select patients for small bo-
wel endoscopy. In contrast, Sipponen et al.50 reported in their 
prospective study that fecal calprotectin has moderate speci-
ficity (71%) but low sensitivity (59%) in predicting small bo-
wel changes, and therefore, it cannot be used for screening or 
excluding small bowel CD. Further study is desirable to deter-
mine the role of fecal calprotectin as a surrogate marker for 
the presence of active small bowel lesions in patients with CD. 
Table 2 shows the relative advantages and disadvantages of 
the modalities used for evaluating the small bowel.

Therapy for intestinal stricture in IBD
Intestinal strictures are common complications associated 

with CD and a major cause of hospitalization and surgery. In 
the long term, multiple resections may be associated with sh-
ort-bowel syndrome. Strictureplasty is recognized as a surgi-
cal alternative. In a meta-analysis of strictureplasty for CD, the 
recurrence rate of CD after strictureplasty was increased in 
patients with a longer study duration after surgery.51 EBD has 
been used to treat CD-related strictures as an alternative to 
surgery. This technique can be considered in patients present-
ing with obstructive symptoms such as abdominal pain, nau-
sea, vomiting, and bloating. A stricture is usually regarded as 
unsuitable for EBD if it is longer than 5 cm and has a fistula, 
deep ulcer, severe curvature, or abscess. A wire-guided throu-
gh-the-scope balloon dilator is commonly used for dilating. 
First, a guide wire is inserted through the stenosis under ra-
diological control; then, a balloon catheter is positioned ap-
propriately, and the balloon is inflated while monitoring the 
pressure with a gauge.

Multiple stenoses can be dilated sequentially. However, a di-
lated segment of the small bowel is friable. Therefore, when in-
serting the endoscope at the distal side after dilation, atten-
tion should be paid when setting the overtube at an appro-

Table 2. Relative Advantages and Disadvantages of the Modalities Used for Evaluating the Small Bowel

Advantages Disadvantages
CE Less invasive

Requires no sedation
Risk of retention

BAE Ability to take biopsy specimens
Therapeutic ability such as balloon dilation
Ability to show selective contrast radiography

Invasive
Requires sedation

CTE Noninvasive
Detection of intramural and extraluminal pathology

Disability to detect subtle lesions
Exposure to radiation

MRE Noninvasive
Detection of intramural and extraluminal pathology
More sensitive in detecting fibrosis than CTE

Disability to detect subtle lesions

CE, capsule endoscopy; BAE, balloon-assisted endoscopy; CTE, computed tomography enterography; MRE, magnetic resonance enterography.
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priate position to avoid inflating the balloon of the overtube 
at the already dilated segment. Although no differences in the 
number of strictures have been reported between successful 
and unsuccessful EBD,52 which patients with multiple stric-
tures should undergo EBD or surgical therapy remains un-
known.

Although there are several studies with a small patient size, 
the rate of severe complications such as intestinal perforation, 
bleeding, or acute pancreatitis on small bowel EBD is 8% to 
9%.52,53 Both a short-term outcome and a long-term surgery-
free rate after EBD are important. It was reported that the 
cumulative surgery-free rate after EBD is 60% to 83%;52,54,55 
however, it is difficult to evaluate the long-term outcome be-
cause the surgery-free period after EBD differs in each study. 
Further examination regarding the long-term efficacy after 
EBD is desirable.

CONCLUSIONS

Small bowel endoscopic procedures such as CE, BAE, and 
spiral endoscopy have been developed. CE is a noninvasive 
method that requires no sedation, and BAE can be performed 
without worrying about capsule retention and biopsy speci-
men collection and can be used to dilate strictures. Both mo-
dalities have complementary roles in small bowel endoscopy.

Small bowel endoscopy helps with the differential diagnosis 
of CD in suspected CD patients. Early diagnosis of CD is pre-
ferable for suspected CD conditions to improve chronic in-
flammatory infiltrates, fibrosis. Small bowel endoscopy can 
help with the early detection of active disease, thus leading to 
early therapy before the onset of clinical symptoms of estab-
lished CD. Some patients with CD have mucosal inflammato-
ry changes not in the terminal ileum but in the proximal small 
bowel. Conventional ileocolonoscopy cannot detect ileal in-
volvement proximal to the terminal ileum. Small bowel en-
doscopy, however, can be useful for evaluating these small bo-
wel involvements in patients with CD. Small bowel endoscopy 
by EBD enables the treatment of small bowel strictures in pa-
tients with CD. However, many practical issues still need to be 
addressed, such as endoscopic findings for early detection of 
CD, application compared with other imaging modalities 
such as CTE, MRE or fecal biomarkers, determination of the 
appropriate interval for endoscopic surveillance of small bo-
wel lesions in patients with CD, and long-term prognosis af-
ter EBD.

Small bowel endoscopy has been developed in diagnosing 
and treating CD, the ways of management for CD also have 
been developed in connection with development of small bo-
wel endoscopy.
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