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Abstract
Since its introduction in 2001, capsule endoscopy (CE) 
has become the most important advance in the study 
of small bowel disease, including Crohn’s disease (CD). 
This technique has been demonstrated to be superior 
to all other current forms of radiological investigation 
in detecting mucosal abnormalities of small bowel non
stricturing CD. CE has proven to be extremely useful 
in diagnosing CD in patients with inconclusive findings 
from ileocolonoscopy and xraybased studies. Almost 
half of all patients with CD involving the ileum also 
present lesions in proximal intestinal segments, with the 
small bowel being exclusively involved in up to 30% of 
all CD cases. Despite the widespread use of CE, several 
questions concerning the utility of this technique remain 
unanswered. The lack of commonly agreed diagnostic 
criteria for defining CD lesions with the aid of CE may 
have had an influence on the variation in diagnostic 
results for CE reported in the literature. The utility of 
CE in monitoring CD and in guiding therapy has also 
been proposed. Furthermore, CE could be a useful se
condline technique for patients with an established 
diagnosis of CD and unexplained symptoms. Finally, as 
no threshold for CD diagnosis has been agreed upon, 
a severity scale of mucosal disease activity has not 

been universally followed. None of the available activity 
indexes based on CE findings has been independently 
validated. This article discusses several cuttingedge 
aspects of the usefulness of CE in CD 10 years after its 
introduction as a sensible method to study the small 
intestine.  
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INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory disorder 
with complex phenotypes regarding age of  onset, lo
cation, and disease behavior. The diagnosis of  CD is 
based on clinical history and a physical exploration with 
compatible data, suspicious xray images, and the presence 
of  endoscopic lesions with a compatible histology[1]. This 
combination of  diagnostic methods is necessary because 
there is no single gold standard diagnostic test for CD 
and, therefore, no isolated finding is sufficient to diagnose 
this disease accurately.   

The most frequent location of  CD is in the terminal 
ileum and the colon. As such, an effective diagnosis can 
be made with the aid of  ileocolonoscopy and biopsies in 
most cases. However, in one third of  all CD patients the 
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disease is confined to the small bowel[2,3]. For many of  
these individuals, diagnosis and followup management 
with traditional endoscopic and radiological procedures is 
of  limited value. In fact, the small bowel is the most dif
ficult area to access for diagnostic purposes via endoscopy 
or xrays. Capsule endoscopy (CE), a recently introduced 
diagnostic procedure, thus represents an extremely im
portant technical advance in the identification of  mucosal 
lesions in the small bowel. Initially recommended for the 
investigation of  obscure gastrointestinal bleeding after in
conclusive upper endoscopy and colonoscopy results[4],the 
extensive availability of  CE has allowed diagnosticians to 
extend its use to other small bowel pathologies, including 
CD, malabsorption syndromes[5], some cases of  abdomi
nal pain with unclear origin[6,7], small bowel transplanta
tion, and graftversushost disease[8,9].

Although it was only approved by the Food and Drug 
Administration in 2001, CE has already proven to be 
more accurate in the diagnosis of  CD than radiological 
techniques[1013]. The use of  CE has facilitated the detec
tion of  previously unknown proximal small bowel lesions 
in half  of  all patients with a previous diagnosis of  CD in
volving the distal ileum[14]. In addition, CE may be useful 
for correctly classifying patients diagnosed with ulcerative 
colitis and atypical features or with unclassified inflamma
tory bowel disease[15,16]. 

CE poses specific risks in patients with CD, the main 
complication being the retention of  the capsule, defined 
as the failure to progress along the gastrointestinal tract (i.e. 
a capsule remains in the bowel for a minimum of  2 wk 
or even permanently, unless extracted surgically or endo
scopically)[17]. Capsule retention occurs in 1% of  patients 
with suspected CD, but retention ratios of  between 4% to 
6% have been reported in patients with confirmed CD[18]. 
A detailed clinical history for occlusive symptoms and 
possibly an Agile patency capsule exam should be carried 
out in higher risk patients as this has been demonstrated 
to be as safe and effective method for minimizing the risk 
of  capsule retention[19]. 

USEFULNESS OF CE IN SUSPECTED CD
Several studies have been published recently on the 
usefulness of  CE in diagnosing suspected CD patients, 
particularly those in whom there remains a high clini
cal suspicion of  CD despite negative results from ileo
colonoscopy and/or radiological examinations[18]. 

In fact, CE has proven to be superior to all current 
forms of  radiological testing of  the small intestine in 
detecting the mucosal abnormalities of  nonstricturing 
CD[16,20]. It shows an incremental diagnostic yield of  20% 
to 40% over other diagnostic modalities such as barium 
studies and CT scanning, and a high negative predictive 
value in cases of  suspected CD[21]. A review published in 
2005 estimated a diagnostic yield for CD of  over 70% 
in patients with negative or inconclusive findings from 
previous ileocolonoscopy and xray studies[18].

Nevertheless, the success rate of  CE is low when 
performed in patients with either abdominal pain alone 

or with abdominal pain and diarrhea. The presence of  
biochemical markers of  inflammation in patients with 
symptoms suggestive of  CD as opposed to the presence 
of  suggestive symptoms alone increases the diagnostic 
success rate of  CE[22]. For this reason, and on the basis 
of  ICCE consensus, patients with these symptoms plus 
either extraintestinal manifestations, inflammatory mar
kers, or abnormal imaging results from SB series, CT 
scans, etc, should be considered as possible CD sufferers.
Indeed, when any one of  these criteria is added, the CE 
diagnostic success rate increases. These results were re
cently corroborated in a metaanalysis[23] which demon
strated that CE was superior to small bowel radiography, 
CT scans, and ileocolonoscopy in evaluating patients 
with suspected CD. There is also increasing evidence of  
the utility of  magnetic resonance (MR) in the assessment 
of  small bowel CD, with positive preliminary results 
indicating it as a frontline technique for CD diagnosis and 
follow up[24]. Unfortunately, comparative studies between 
CE and MR have not been carried out on patients sus
pected of  having CD[23]. Larger prospective studies are 
thus needed to define the proper place of  CE in the 
diagnostic algorithm for CD. 

CE findings specific to CD
One of  the main problems which arose after the spread 
of  CE as a diagnostic tool was the lack of  commonly 
accepted terminology to describe endoscopic findings 
during explorations. This led to the proposal of  structured 
terminologies in order to standardize the description and 
definition of  CE results[25,26]. 

This is especially important since previous studies 
which used various diagnostic criteria to define CD lesions 
in the small bowel produced extremely varied results, pro
bably due in large part to the absence of  a unified termi
nology. CDassociated lesions described using CE results 
are thus in great need of  more precise definitions and 
of  commonly accepted defining criteria as, currently, the 
definition of  CD through CE could, to some extent, be 
considered arbitrary[27].

Currently, the most widely and commonly used diag
nostic criterion for CD is the presence of  more than 3 
ulcerations in the absence of  nonsteroidal antiinflam 
matory drugs (NSAIDs), as proposed by Mow et al[28] in 
2004. In addition, the location and length of  the intesti
nal segments involved and the topographical distribu
tion of  lesions along the small intestine should be con 
sidered as relevant diagnostic criteria for CD since the 
number of  ulcers tends to increase progressively as CE 
approaches the distal ileum[29]. Using the presence of  3 or 
more ulcers to indicate an abnormal CE result, a recent 
article set out to define the utility of  CE in patients with 
suspected CD after inconclusive CT scans, small bowel 
followthrough, and endoscopy. The authors observed 
a sensitivity of  77% and a specificity of  89%, with a 
positive predictive value of  50% and a negative predic 
tive value of  96%[30].

Voderholzer et al[31] suggested that finding more 
than 10 aphthae in a CE examination was also strongly 
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suggestive of  CD. The presence of  several small altera
tions such as villous edema, villous denudation (loss of  
villi), erosions, erythema, vasculitis, cobblestone appea
rance, nodular lymphoid hyperplasia, and lymphangiectasia 
have been considered to be early manifestations of  CD in 
some series[12,20,22,32,33], but not in others[3436]. The finding of   
previously undetected stenosis has also been considered 
an important diagnostic criterion by some authors[3638].

The various CEbased criteria outlined above are not 
considered to be of  equal value in diagnosing CD. Thus, 
while ulcers and multiple aphthae may directly lead to 
a CD diagnosis in a suitable clinical context, an isolated 
simple mucosal edema or mucosal erythema is probably 
insufficient to establish a clear diagnosis. Different obser
vers report that the discovery of  mucosal breaks such  
as ulcers and aphthae (which can be described as ‘major 
findings’), as well as of  circumferentially ulcerate stenosis, 
have a high diagnostic correlation[37,39] while the presence 
of  more subtle lesions (‘minor findings’) is less well cor
related with a diagnosis of  CD[39]. Nevertheless, observ 
ing only ‘minor findings’ in patients clinically and/or 
analytically suspected of  having CD should not definitively 
exclude a diagnosis of  CD, since such patients can show 
clinical improvement when treated for CD[20]. This further 
obliges medical professionals to develop standardized, 
prospectively validated diagnostic criteria and to perform 
more followup studies. 

CD-like findings on CE
It is important to note that the accuracy of  CE in diag
nosing CD is limited by the lack of  specificity of  mucosal 
findings. In fact, up to 14% of  healthy subjects have 
mucosal breaks and erosions in the small bowel[40], which 
only serves to bolster the idea that CE mucosal findings 
alone are insufficient to confirm a diagnosis of  CD. 

It is also worth noting that not all mucosal breaks 
found in the small intestine are due to CD. Several lesions 
properly described as CD are actually nonspecific and 
can be found in a large proportion of  patients treated 
with NSAIDs[41,42] as well as in patients with other types 
of  small bowel disorders. For this reason, recent intake 
of  NSAIDs should be excluded in all patients under
going CE, and, if  possible, such therapy should be in
terrupted several weeks before the CE exploration to 
ensure accuracy. Such measures would help improve the 
predictive values of  the technique.  

CE AS A CD MONITORING TECHNIQUE 
CE has also been proposed as a method for determining 
the extent and severity of  lesions, postoperative recur
rence, and mucosal healing under therapies in patients 
with an established CD diagnosis. Because CE is also 
more sensitive than xraybased techniques in monitoring 
CD, some authors have proposed that CE be used to 
assess the activity or recurrence of  the disease, thereby 
limiting a patient’s exposure to unnecessary radiation[16]. 
However, the exact role of  CE for this indication has yet 
to be established[27]. In fact, some of  the available data are 

contradictory and in clinical practice, indications for CE 
are limited to patients with a proven diagnosis of  CD.

CE and mucosal healing
The major goals for medical therapies to combat CD 
should include modifying the clinical course, halting the 
progression of  the disease, and avoiding the need for 
surgery, hospitalization, and the use of  corticosteroids. 
In this context, early healing of  the intestinal mucosa 
has recently been proposed as the primary objective of  
medical therapies[43]. In fact, early healing has been de
monstrated to be a strong predictor for improved long 
term outcome in CD, with fewer complications and surgi
cal interventions[44]. CE may have a potential role in asse
ssing mucosal healing after drug therapy[27], but it is still 
unclear whether the presence of  endoscopic lesions in 
the small bowel mucosa identified with the aid of  CE in 
CD patients is directly related to the activity of  the disease 
itself. It remains to be seen whether CE findings can 
lead to a change in the therapeutic management of  CD 
patients[45] similar to that of  ileocolonoscopy during CD 
flareups.  Part of  the problem is that the clinical response 
does not always correlate with mucosal healing in patients 
with small bowel CD[46].

A study published by Mehdizadeh et al[29] in 2010, 
retrospectively analyzed 147 CE procedures performed 
on 134 patients who had previously been diagnosed with 
CD and who exhibited symptoms suggestive of  active 
disease. CE identified lesions indicative of  activity in 
about half  the symptomatic patients, with the number of  
lesions progressively increasing as the CE approached the 
distal ileum. This study concluded that a clear correlation 
between symptoms and endoscopic lesions cannot be 
established in CD patients since symptoms suggesting 
activity may occur in the absence of  small bowel lesions. 

In contrast, another study by LorenzoZúñiga et al[47] 
showed that therapy was changed in 64% of  patients 
previously diagnosed with CD after a CE exam was 
performed due to anemia, abdominal pain, or because the 
location of  the disease needed to be reevaluated. These 
results indicate that CE findings can bring about a change 
in therapeutic approach in a large number of  CD patients. 
However, further research must be done on the usefulness 
of  CD in monitoring mucosal healing during the natural 
course of  small bowel CD[45]. 

CE in assessing postoperative recurrence of CD
Diagnosis of  postoperative recurrence may be based on  
clinical symptoms and/or endoscopic findings. To date, 
ileocolonoscopy is viewed as the gold standard for defin
ing the presence and severity of  morphologic recurrence 
and predicting the clinical course of  the disease. Recent 
studies have shown that performing a CE exam 6 to 12 
mo after surgery seems to have comparable sensitivity, 
specificity, and positive/negative predictive values to 
ileocolonoscopy in diagnosing postoperative recurrence 
of  CD[48,49]. The advantage of  CE is that it has higher 
tolerability and a better probability of  reaching the 
neoileum, which is not always accessible via colonoscopy. 
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However, the value of  CE in diagnosing postoperative 
recurrence in the ileum and particularly in the jejunum has 
not yet been systematically studied. Further studies are 
thus needed before a definitive conclusion can be reached.  

Indexes for evaluating the severity of CD
Once CE had been widely accepted as a good diagnostic 
tool, several activity indexes were developed to assess the 
severity and extension of  small bowel CD. The various 
CE proposed indexes primarily assess 4 parameters to 
define CD severity: (1) the presence of  mucosal lesions 
that are felt to explain the patient’s reasons for referral 
(including disturbances in villous appearance and presence 
of  ulcers); (2) the size of  ulcers; (3) the location and ex
tension of  ulcers; and (4) the presence of  stenosis with 
or without mucosal lesions. Apart from these parameters, 
each index has its own particularities. 

The first index created to evaluate CD severity was 
proposed in 2004 by Kornbluth et al[38]. It makes use of  
five parameters previously defined in structured termi
nology developed specifically for CE: erythema, edema, 
nodularity, ulcers, and stenosis. This Lewis Capsule En
doscopy Score[38] exhaustively analyses each parameter 
over four small bowel segments (duodenum, jejunum, 
proximal ileum, and distal ileum) (Table 1), adding up the 
individual points to obtain the final score by region. The 
complete score highlights the distribution and longitudinal 
extent of  lesions found through CE. 

In 2005, Gralnek et al[39] carried out a study in order 
to develop and test a simple, userfriendly CE scoring 
index for CD activity based on the previously proposed 
endoscopic findings associated with the disease. These 
were individually scored as three equal parts (or tertiles) 
into which the small bowel transit time was divided (Table 
2). The final scoring index included three endoscopic 

variables among which the authors found excellent inter
observer agreement: villous edema, ulcers, and stenosis. 
Index parameters are measured by number, longitudinal 
extent, and additional descriptors. Using these parameters, 
the authors established a score ranging from 8 to 4800 
points: a score < 135 was designated as normal or clini
cally insignificant mucosal inflammatory change while a 
score between 135 and 790 was considered to indicate 
mild CD and a score ≥ 790 indicated moderate to severe 
CD. 

In 2008, a new activity index was developed by Gal 
et al[37]. The CECDAI (Capsule Endoscopy Crohn’s Di
sease Activity Index) (Table 3) uses a methodology similar 
to that of  the previously described index, but with two 
important differences. First, small bowel transit time is 
divided into proximal and distal parts. In both the pro
ximal and distal bowel, three parameters are calculated 
separately by multiplying the inflammation score (A) by 
the extentofdisease score (B) and adding the stricture 
score (C). The second particularity of  this index is that 
villous appearance and ulcers are considered to be oppo
site extremes of  a wide range of  inflammation rather than 
as independent variables, as was the case in the Gralnek 
index. Furthermore, and in contrast to both of  the afo
rementioned indexes, the number of  lesions is not con
sidered in calculating the score. In the case of  identifying 
different inflammatory lesions in the same bowel segment 
(i.e. moderate edema and a large ulcer in the distal sec
tion), the more serious lesion is used for calculating the 
index. The same occurs with regard to the stricture index.   

An important limitation in the use of  CE severity 
indexes is that none of  them has been independently vali
dated and no studies comparing the different indexes have 
been conducted to date. Another important disadvantage 
of  the use of  indexes in CD is that clinical indexes do not 
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Table 1  Lewis capsule endoscopy scoring table[38]

Regions1

Duodenum Jejunum Proximal ileum Distal ileum

Lesions

Number Distribution pattern Longitudinal extent Shape Size (by circumference)

Erythema       Localized = 1 Short segment = 1
           Patchy = 2 Long segment = 2
          Diffuse = 3  Whole region = 3

Edema       Localized = 1 Short segment = 1
           Patchy = 2 Long segment = 2
          Diffuse = 3  Whole region = 3

Nodularity      Single = 1       Localized = 1 Short segment = 1
        Few = 2            Patchy = 2 Long segment = 2
Multiple = 3           Diffuse = 3  Whole region = 3

Ulcer      Single = 3       Localized = 3 Short segment = 1  Circular = 3    < ¼ = 3
        Few = 5            Patchy = 5 Long segment = 2     Linear = 5 ¼ - ½ = 5
Multiple = 7           Diffuse = 7  Whole region = 3 Irregular = 7    > ½ = 7

Stenosis      None = 0        Traversed = 10  Nonulcerated = 5
      Single = 10 Not traversed = 20           Ulcerated = 10
  Multiple = 20

1Score by region by adding points listed.
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estimate the severity of  mucosal lesions while endoscopic 
indexes only assess small bowel mucosal changes, not 
necessarily their effect on the disease. Indeed, the main 
advantage of  having different types of  indexes available is 

their prognostic value, as they allow medical professionals 
to observe the changes caused by the disease over time. 

CONCLUSION
CE represents the most important technical advance in 
the diagnosis of  small bowel diseases and constitutes an 
irreplaceable method for studying CD. However, diffi
culties in clearly establishing commonly accepted diagno
stic criteria and the possibility of  finding typical lesions 
of  CD without histological confirmation in subjects not 
suffering from the disease have limited the diagnostic 
success of  this method. Diagnostic yield of  CE in CD 
increases when finding are interpreted within a suitable 
clinical and analytical context. Some studies suggest that 
CE may be a useful technique for monitoring CD as well 
as an interesting tool in guiding treatment. Proposed acti
vity indexes could be useful for predicting the prognosis 
of  CD by assessing mucosal changes caused by the disease 
or the therapy, although further research should be carried 
out to confirm this potential. 
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