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Abstract
AIM: To investigate the prevalence of proximal small 
bowel (SB) lesions detected by wireless capsule endos-
copy (WCE) in Crohn’s disease (CD). 

METHODS: WCE was performed in 64 patients: 32 with 
CD of the distal ileum, and 32 controls with iron-deficien-
cy anemia (IDA) or diarrhea. WCE was performed using 
the Given SB-WCE, followed by small intestine contrast 
ultrasonography (SICUS). Findings compatible with CD 
by using WCE included erosions, aphthoid or deep ul-
cers, and strictures/stenosis. 

RESULTS: WCE detected proximal SB lesions in 16/32 
(50%) patients (14 aphthoid ulcers, 2 deep ulcers, one 
stricture), which appeared not to be related to clinical 
parameters [epigastric pain, age, smoking, non-steroidal 

anti-inflammatory drugs (NSAIDs), IDA]. Among pa-
tients with proximal SB lesions, 6 (37%) were smokers, 
3 (19%) NSAID users, 3 (19%) had epigastric pain and 
4 (25%) had IDA. SICUS detected proximal SB lesions 
in 3/32 patients (19%) also showing lesions with WCE. 
No correlations were observed between proximal SB le-
sions assessed by WCE or by SICUS (c2 = 1.5, P  = 0.2). 

CONCLUSION: The use of WCE allows the detec-
tion of previously unknown upper SB lesions in a high 
proportion of patients with a previous diagnosis of CD 
involving the distal ileum. 
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INTRODUCTION
Wireless capsule endoscopy (WCE) is a non-invasive 
technique for visualizing the mucosal surface of  the small 
bowel (SB)[1-7]. However, a variable impact risk (from 
0%-6.7%) has been reported[8]. WCE showed a high 
sensitivity and specificity for detecting lesions related to 
SB Crohn’s disease (CD)[1-7]. A meta-analysis showed an 
incremental diagnostic yield of  WCE vs small bowel fol-
low through (SBFT) (P < 0.001), ileocolonoscopy (P = 
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0.02), computed tomography enteroclysis (P = 0.001) and 
push enteroscopy (P < 0.001)[9]. WCE has in particular 
been shown to be able to detect minor lesions (erosions, 
aphthoid ulcer), not visualized by conventional radiologic 
techniques, which result in high radiation exposure. WCE 
has therefore been proposed as an alternative non-invasive 
technique for assessing CD lesions. 

Ultrasonography also is a non-invasive technique pro-
posed for detecting SB lesions in CD[10]. The use of  an 
oral contrast [small intestine contrast ultrasonography 
(SICUS)] significantly increases, in experienced hands, the 
sensitivity of  ultrasonography for assessing SB lesions in 
CD (> 95%)[11,12].

Although several studies concordantly showed that 
WCE is able to visualize superficial lesions in the SB, its 
role in defining the extent of  the lesions in CD is unde-
fined. In particular, the frequency and clinical relevance of  
superficial lesions in the upper SB as detected by WCE, 
but not by conventional techniques, in patients with an 
established diagnosis of  CD involving the distal ileum, is 
currently unknown. Disease-specificity of  the small le-
sions as detected by WCE is also under investigation. 

On the basis of  these observations we therefore aimed 
to assess, in a prospective longitudinal study in patients 
with a known diagnosis of  CD of  the distal ileum, the 
prevalence of  lesions in the proximal SB (jejunum, proxi-
mal ileum) compatible with CD, as assessed by WCE. The 
secondary end point was to evaluate the possible concor-
dance between WCE and SICUS, in detecting SB lesions 
compatible with CD. Additional end points included inves-
tigation of  possible correlations between proximal SB le-
sions in WCE and specific signs and symptoms, including 
anemia and/or epigastric pain in patients with CD. A com-
parison between characteristics of  SB lesions detected by 
WCE in patients with CD vs patients undergoing WCE for 
other indications was also performed. The safety of  WCE 
in CD patients with no radiological or clinical evidence of  
sub/obstructive symptoms was further addressed.

MATERIALS AND METHODS
Study population
In a prospective longitudinal study, WCE was performed 
in all consecutive CD patients referred to our Unit from 
May 2004 to May 2008, fulfilling the following inclusion 
criteria: (1) age 18-75 years; (2) regular follow-up; and (3) 
established diagnosis of  CD involving the distal ileum, 
according to standard procedures.

As a control group (C), WCE was performed in all 
consecutive patients referred to our Unit from May 2004 
to May 2008, with the following inclusion criteria: (1) 
age 18-75 years; and (2) clinical indication for WCE such 
as iron-deficiency anemia (IDA) or chronic diarrhea of  
unknown origin with no diagnosis by conventional proce-
dures. No patients showed evidence of  stenoses/strictures. 
Written informed content was provided by all patients.

Study design
CD group: Before WCE, recorded parameters included: 

findings at physical examination, activity (CD activity in-
dex, CDAI)[13], epigastric pain (yes/no), IDA, laboratory 
tests (complete blood count, hemoglobin, serum iron, fer-
ritin, creatine phosphate, erythrocyte sedimentation rate), 
non-steroidal antiinflammatory drug (NSAID) use, and 
smoking habit. Before WCE, all 32 patients were studied 
by both SICUS and ileocolonoscopy (median time interval 
1 mo, range 0-7 mo, and 1 mo, range 0-14 mo, respec-
tively). After WCE, patients were clinically followed up at 
least 12 mo (median 24 mo, range 12-36 mo).

C group: Before WCE, recorded parameters included: 
findings at physical examination, gastrointestinal symp-
toms, laboratory tests (as above), NSAID use, and smok-
ing habit.

SICUS
SICUS was performed after 375 mL polyethylene glycol 
(PEG) ingestion[11] using 3.5 and 5 MHz convex and 
linear-array transducers, by the same expert gastroenter-
ologist (> 2000 examinations). Findings compatible with 
CD included: increased bowel wall thickness (BWT) (≥ 
3 mm), SB dilation (diameter > 2.5 cm), bowel stricture 
(diameter < 1 cm, at the level of  the maximally distend-
ed loop)[11,12]. Fistulas or abscesses were considered.

Ileocolonoscopy
All endoscopies were performed by the same gastroen-
terologist, according to standard procedures.

WCE 
WCE was performed with the Given Pillcam SB capsule 
system (Given Imaging Limited, Yoqneam, Israel)[1] after 
3 d of  a fiber-free diet and bowel preparation [2 L PEG, 
(Promefarm, Milano, Italy)]. Images were reviewed by a 
single gastroenterologist unaware of  the SICUS findings.

CD group: The following WCE findings were consid-
ered compatible with CD: aphthoid ulcers (> 3), deep 
ulcers, strictures or stenoses. Erosions, villous dropouts and 
mucosal breaks were reported, although considered not 
related to CD. As no standard criteria for defining upper 
SB lesions using WCE were available, distal SB lesions 
were considered lesions proximal to the ileo-cecal valve 
or to the ileo-colonic anastomosis. Upper SB lesions were 
considered the SB lesions proximal to these areas (jejunum, 
proximal ileum). 

In a subgroup of  10 CD patients with ileo-colonic 
resection, WCE findings were blindly scored by 2 inde-
pendent gastroenterologists. For this purpose, lesions 
in the peri-anastomotic area and in the upper SB were 
graded as follows[5]: absent (G0), erythema/loss of  villi 
(G1), erosions/aphthoid ulcers (G2), deep ulcers (G3).

C group: Any lesion detected by WCE was reported. A 
comparison with the CD group considered only those 
lesions in the upper or distal SB compatible with CD, in-
cluding: aphthoid or deep ulcers, strictures, stenoses. Pla-
nar X-ray of  the abdomen was performed in all patients 
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with no WCE excretion after 48-72 h. Retention was de-
fined as WCE persistence after 14 d. Incomplete studies 
were defined when WCE did not reach the cecum.

Comparison between WCE and SICUS findings
Comparison between WCE and SICUS in terms of  find-
ings compatible with SB lesions related to CD was made 
using the following parameters: presence (yes/no), site 
(upper vs distal SB) and severity of  the lesions (deep vs 
aphthoid ulcers) by using WCE and presence (yes/no) 
and site (upper vs distal SB) of  increased BWT (≥ 3 mm) 
using SICUS. Correlations between WCE findings com-
patible with upper SB lesions and clinical parameters (age, 
smoking habits, epigastric pain, IDA) were determined.

Statistical analysis
Results were expressed as median and range both in the 
text and in the tables. Differences between groups were 
assessed by the Student’s t-test. The interobserver varia-
tion in terms of  presence and severity of  upper SB le-
sions detected by WCE was assessed.

RESULTS
Study population 
CD group: Thirty two consecutive patients (16 male, 
median age 32 years, range 19-65 years) with an estab-
lished diagnosis of  CD of  the distal ileum fulfilled the 
inclusion criteria. Clinical characteristics of  the enrolled 
patients are summarized in Table 1.

Treatment included budesonide (9 mg/d) in 6 (19%) 
and mesalazine 2.4 g/d in 26 (81%) patients. Among the 
32 patients, 4 (12%) had IDA and 7 (22%) epigastric pain.

C group: Thirty two consecutive C patients (16 male, 

median age 42 years, range 18-72 years) undergoing WCE 
fulfilled the inclusion criteria. Clinical indications for WCE 
included IDA in 17 (53%) and chronic diarrhea in 15 (47%) 
patients.

Adverse events
CD group: Retention was observed in one patient (3%) 
with 2 anastomoses (ileo-ileal and ileo-colonic), show-
ing no symptoms despite capsule retention for > 12 wk 
(Figure 1). Surgical removal of  WCE was required after 
2 unsuccessful therapeutic endoscopies. During surgery, 
WCE was detected within the “cul de sac” of  the side-to-
side ileo-ileal anastomosis not reachable by the endoscope.

C group: No adverse events were reported.

Proximal SB lesions detected by WCE 
CD group: WCE detected previously unknown proximal 
SB lesions compatible with CD in 16/32 (50%) patients. 
Among these 16 patients, lesions included > 3 aphthoid 
ulcers in 14 (87.5%), deep ulcers in 2 (12.5%) and one 
ulcerated stricture identified by WCE in one patient 
(Figure 2A-C). All lesions compatible with CD appeared 
discontinuous and surrounded by macroscopically unin-
volved mucosa. In all 16 patients showing lesions in the 
upper SB, WCE also detected lesions in the distal ileum 
compatible with CD. 

The median age was comparable in patients showing 
or not (n = 16 for both) proximal SB lesions at WCE  
(44 years, range 20-65 years vs 32 years, range 19-48 years, 
P = NS).

Table 2 summarizes the clinical characteristics of  the 
32 patients grouped according to the presence or not 
of  upper SB lesions in WCE. No statistically significant 
concordance was observed between upper SB lesions in 
WCE for both clinical parameters and risk factors con-
sidered (CD site χ2 = 3.3, P = 0.18, epigastric pain χ2 = 
0.0, P = 1.0, smoking habits χ2 = 1.3, P = 0.5, NSAIDs 
use χ2 = 1.5, P = 0.2, IDA χ2 = 0.0, P = 1.0).

The interobserver agreement for SB lesions visualized 
by WCE (score 0-4)[5] was very high when considering prox-
imal SB lesions (κ = 0.86) and high when considering distal 
SB lesions (κ = 0.61). At 12 mo, none of  the 32 patients 
showing lesions in the upper SB developed related symp-
toms (anemia, epigastric pain) or symptomatic SB stenosis.
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Table 1  Clinical characteristics of the 32 CD patients studied 
with WCE

Parameter n  (%)

Gender
   Male 16 (50)
   Female 16 (50)
Clinical activity
   Active (CDAI > 150)   5 (16)
   Inactive (CDAI < 150) 27 (84)
Lesions extent before WCE
   Distal ileum only 27 (84)
   Distal ileum and colon 2 (6)
   Distal ileum and esophagus/stomach   3 (10)
Previous intestinal resections
   Yes 25 (78)
Smoking habits

Smokers 14 (44)
Ex-smokers   4 (12)
Non-smokers 14 (44)

NSAID use
   Yes  3 (9)

CD: Crohn’s disease; WCE: Wireless capsule endoscopy; CDAI: CD 
activity index; NSAID: Non-steroidal anti-inflammatory drug.

Figure 1  Plain film of the abdomen 
from one Crohn’s disease patient 
showing capsule retention for 12 wk,  
with no associated symptoms. The 
patient had 2 anastomoses (ileo-ileal 
and ileo-colonic). Surgical removal was 
required, showing wireless capsule 
endoscopy within the “cul de sac” of the 
side-to-side ileo-ileal anastomosis not 
reachable by the endoscope.
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C group: WCE detected proximal SB lesions not com-
patible with CD in 5/32 (16%) patients, represented by 
erosions in 3 (9%) and angiodysplasia in 2 (6%). In con-
trast to CD patients, none of  the 32 C patients showed 
aphthoid or deep ulcers in the SB with WCE.

Proximal SB lesions detected by SICUS 
SICUS detected proximal SB lesions in 3/32 (9%) CD 
patients, represented by increased jejunal BWT with 
bowel dilation, associated with stenosis in one patient.

Comparison between WCE and SICUS in detecting 
upper SB lesions
When considering the 16 CD patients showing upper 
SB lesions with WCE, only 3 (19%) also showed SICUS 
findings compatible with CD lesions in the same area 
(BWT > 3 mm). Therefore, all 3 (9%) patients showing 
SICUS results compatible with CD lesions in the proxi-

mal SB had the findings confirmed by WCE. Upper SB 
lesions in WCE in these patients included deep ulcers in 
2 and aphthoid ulcers in one patient. The only stricture 
identified by WCE was also visualized by SICUS. How-
ever, these 2 techniques showed no significant concor-
dance in detecting proximal SB lesions (χ2 = 1.5, P = 0.2).

Distal SB lesions detected by WCE 
CD group: Findings compatible with CD lesions in the 
distal SB were detected by WCE in 30/32 (93%) patients. 
In the remaining 2 patients, WCE did not visualize the co-
lon, thus not allowing the evaluation of  the distal SB. Of  
the 30 patients with available distal SB images with WCE, 
lesions included erosions in 2 (7%), aphthoid ulcers in 13 
(43%), deep ulcers in 11 (37%), both aphthoid and deep 
ulcers in 3 (10%) and one single ulcerated substenosis in 
one (3%) patient. In all patients showing lesions in the up-
per SB, WCE also showed lesions in the distal SB.

One patient (PL) showed WCE impaction at the level 
of  the anastomosis as detected by a plain film of  the 
abdomen showing capsule retention for 12 wk, with no 
associated symptoms (Figure 1). The patient had 2 anasto-
moses (ileo-ileal and ileo-colonic) for CD-related surgery. 
Surgical removal of  the WCE was required, showing the 
capsule retained within the “cul de sac” of  the side-to-side 
ileo-ileal anastomosis not reachable by the endoscope. In 
a second patient (CE) with IDA, WCE images stopped at 
the level of  a bleeding ulcerated substenosis in the proxi-
mal SB, with no retention (Figure 2C). In this patient indi-
cation for surgery was also determined after WCE exami-
nation, followed by resection of  the ulcerated substenosis 
not detected by conventional techniques, with histological 
findings compatible with CD. 

C group: WCE detected distal SB lesions not compat-
ible with CD in 2/32 (6%) patients, including erosions 
in one patient and one single angiodysplasia in the other 
patient. No patients showed aphthoid or deep ulcers 
compatible with CD.

Distal SB lesions detected by SICUS
CD group: SICUS detected distal SB lesions in 30/32 
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Figure 2  Upper small bowel lesions detected at wireless capsule endoscopy in 3 patients with an established diagnosis of Crohn’s disease involving the 
distal ileum. Aphthoid ulcer (A), deep ulcer (B) and one ulcerated stricture easily identified by wireless capsule endoscopy (C). All lesions compatible with Crohn’s dis-
ease detected by wireless capsule endoscopy appeared discontinuous and surrounded by macroscopically uninvolved mucosa.

A B C

Table 2  Clinical characteristics of the 32 CD patients grouped 
according to the presence of upper small bowel lesions at WCE

Small bowel lesions at WCE (%)

Yes (n  = 16) No (n  = 16)

Known CD extent before WCE
   Distal ileum 12 (75) 15 (94)
   Distal ileum and colon 1 (6) 1 (6)
   Distal ileum and esophagus stomach   3 (19) 0
Epigastric pain
   Yes   3 (19)   4 (25)
   No 13 (81) 12 (75)
Smoking habits
   Smokers   6 (37)   8 (50)
   Ex-smokers   3 (19) 1 (6)
   Non-smokers   7 (44)   7 (44)
NSAID use
  Yes   3 (19) 0
  No 13 (81)   16 (100)
IDA
  Yes   4 (25)   5 (31)
  No 12 (75) 11 (69)

IDA: Iron-deficiency anemia.
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(93%) patients, including all 3 patients showing upper SB 
lesions by SICUS. In both patients with normal SICUS, 
conventional techniques detected lesions in the distal 
ileum. 

Comparison between WCE and SICUS in detecting distal 
SB lesions
Findings compatible with CD in the distal SB were de-
tected by both WCE and SICUS in 30/32 (93%) patients, 
as SICUS detected no lesions in 2 patients. These 2 tech-
niques showed no significant concordance in detecting 
proximal SB lesions (χ2 = 0.5, P = 0.4).

Additional findings at WCE
CD group: WCE detected gastric and/or duodenal le-
sions in 7/32 (22%) patients. Gastric lesions were detected 
in 5/32 (15%) patients, including aphthoid ulcers in one 
and erosions in 4 patients. Duodenal lesions (erosions) 
were detected by WCE in 5/32 (15%) patients, and were 
also visualized in the stomach in 4 patients. Of  the 7 pa-
tients showing gastric/duodenal lesions at WCE, 5 (71%) 
also showed upper SB lesions with WCE. 

C group: Additional findings were detected in 6/32 (19%) 
C patients, including gastric/duodenal erosions in 5 and 
colonic angiodysplasia in 2 (with gastric erosions in one).

DISCUSSION
Proximal SB lesions are detected in a low proportion of  
CD patients (about 5%)[14-16]. However, these rates have 
been reported using radiologic techniques which show a 
low sensitivity for visualizing superficial lesions. Recently, 
WCE has been shown to visualize the inner SB surface, 
providing a high sensitivity in detecting minor lesions (i.e. 
erosions, aphthoid ulcers)[2-4]. Two independent studies 
reported that WCE visualizes lesions related to early CD 
recurrence in the SB[17,18]. As the frequency, natural his-
tory and clinical relevance of  proximal SB lesions in CD 
is undefined, we investigated this issue in a prospective 
longitudinal study. A high frequency of  WCE findings 
compatible with proximal SB lesions related to CD was 
observed. As WCE does not allow an histological char-
acterization of  the lesions, WCE findings in CD patients 
were compared with those observed in control patients 
requiring WCE for IDA or chronic diarrhea. No control 
patients showed aphthoid or deep ulcers, thus supporting 
the specificity of  the upper SB lesions detected by WCE 
in our CD population. No correlations were observed be-
tween risk factors and proximal SB lesions, supporting the 
disease-specificity of  our findings.

The frequency of  WCE impaction was within the 
expected range (3%)[8]. The finding of  WCE impaction 
within the “cul the sac” of  a side-to-side ileo-ileal anasto-
mosis may indicate a higher impaction risk in these pa-
tients, even in the absence of  overt stenosis. In addition, 
a WCE examination allowed the detection of  a previ-
ously unknown ulcerated substenosis in one additional 
patient with IDA associated with CD of  the distal ileum. 

This observation further supports the role of  WCE in 
identifying upper SB lesions not detected by conven-
tional radiology. 

No concordance was observed between proximal SB le-
sions at WCE and related signs/symptoms, even when pa-
tients were followed up for at least 12 mo. This observation 
provides additional evidence for a diffuse involvement 
of  the SB in patients with CD of  the distal ileum, even 
if  not associated with overt symptoms. Present findings 
also suggest that no treatment changes may be required 
in CD patients showing upper SB lesions at WCE. The 
observed frequency of  upper SB lesions is in agreement 
with previous findings in the early postoperative period 
(56%)[17].

When WCE and SICUS findings were compared, a 
small proportion of  patients (3 of  16) showing upper SB 
lesions with WCE, also showed the same finding with 
SICUS. This discrepancy is in agreement with our previ-
ous studies[18,19] and may be related to the observation 
that WCE and SICUS provide a different view of  the SB 
(i.e. intraluminal vs extraluminal). In addition, WCE al-
lows the visualization of  superficial lesions not detected 
by SICUS[18]. In the 3 patients showing upper SB lesions 
by both WCE and SICUS, lesions were represented by 
deep ulcers at WCE in 2, suggesting that discrepancies 
are mainly observed for superficial lesions. In contrast to 
the upper SB lesions, WCE and SICUS findings appeared 
comparable in the distal SB. This observation indicates 
that the characteristics of  the SB lesions, including not 
only the severity (deep vs aphthoid ulcers) and number, 
but also the site (upper vs distal SB) may influence the 
sensitivity of  ultrasonography. A good interobserver 
agreement was observed, supporting previous findings[17]. 

Although some patients were studied by SBFT, this tech-
nique was not included for ethical and economic reasons, 
in relation to both the high radiation exposure and to the 
known low sensitivity of  SBFT in detecting superficial SB 
lesions. In addition, there was no clinical indication for 
SBFT in our population, including only 5 active patients 
with an established diagnosis of  CD. 

To our knowledge, no studies have investigated the 
role of  WCE in comparison with SICUS in detecting the 
presence and clinical relevance of  upper SB lesions in 
patients with CD involving the distal ileum, diagnosed by 
conventional radiological techniques. The present findings 
supports that WCE is a non-invasive technique which al-
lows the visualization of  superficial proximal SB lesions 
in a high proportion of  patients with an established di-
agnosis of  CD of  the distal ileum. Despite no significant 
clinical relevance appearing to be associated with these 
findings even in the long term, the use of  WCE in CD in-
volving the distal SB may add clues in defining the extent 
of  the lesions and its relation with clinical manifestations 
of  the disease.

COMMENTS
Background 
Wireless capsule endoscopy (WCE) is a non-invasive technique visualizing the 
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mucosal surface of the small bowel (SB). WCE showed a high sensitivity and 
specificity for detecting lesions related to SB Crohn’s disease (CD). WCE has 
in particular been shown to be able to detect minor lesions, not visualized by 
conventional radiologic techniques, providing high radiation exposure. WCE 
has therefore been proposed as an alternative non-invasive technique for as-
sessing CD lesions. Ultrasonography also is a non-invasive technique proposed 
for detecting SB lesions in CD. The use of an oral contrast (SICUS) significantly 
increases, in experienced hands, the sensitivity of ultrasonography for assess-
ing SB lesions in CD (> 95%). Although several studies concordantly showed 
that WCE is able to visualize superficial lesions in the SB, its role in defining the 
extent of the lesions in CD is undefined. 
Research frontiers
Proximal small bowel lesions are detected in a low proportion of CD patients 
(about 5%). However, these frequencies have been reported using radiologic 
techniques which have a low sensitivity for visualizing superficial lesions. WCE 
has been shown to visualize the inner SB surface, providing a high sensitivity in 
detecting minor lesions (i.e. erosions, aphthoid ulcers). Two independent stud-
ies reported that WCE visualizes lesions related to early CD recurrence in the 
SB. However, the frequency, natural history and clinical relevance of proximal 
SB lesions in CD is currently undefined.
Innovations and breakthroughs
The present study showed that WCE is a non-invasive technique allowing the 
visualization of superficial proximal small bowel lesions in a high proportion of 
patients with an established diagnosis of CD of the distal ileum.
Applications 
Despite no significant clinical manifestations appearing to be associated with 
these findings even in the long term, the use of WCE in CD involving the distal 
SB may add clues in defining the extent of the lesions and the relationship with 
clinical symptoms of the disease.
Terminology
WCE is a non-invasive technique able to visualize the inner surface of the small 
intestine. SICUS is also a non invasive technique showing, in experienced 
hands, a high sensitivity and specificity in terms of assessment of small bowel 
lesions, including increased bowel wall thickness in ileal CD. 
Peer review
This is a small (32 patients) prospective study, with a control population, that 
evaluates the diagnostic accuracy of WCE in CD, and compares it with different 
diagnostic tools. It is well presented and performed in an ethical manner.
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