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Abstract
Capsule endoscopy has been shown to detect small 
bowel inflammatory changes better than any other 
imaging modality. Selection criteria have been 
optimized to increase the yield of capsule endoscopy 
in patients suspected to have Crohn’s disease. Capsule 
endoscopy allows for earlier diagnosis of Crohn’s 
disease of the small bowel and improved diagnosis 
of colitis in patients where it is unclear if they suffer 
from Crohn’s or ulcerative colitis. A test capsule is 
available to assess for small bowel strictures and thus 
avoid capsule retention. A common language has been 
developed and a new scoring index will be added to 
capsule software. It is envisioned that the manner 
in which we treat Crohn's disease in the future will 
change, based on earlier diagnosis and treatment 
aimed at mucosal healing rather than symptom 
improvement.
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INTRODUCTION
Capsule endoscopy (CE) was initially marketed in 2001 
and in short time, this procedure gained a reputation 
for providing state-of-the-art imaging of  the small 
intestine. It is recommended as the third test used in 
the investigation of  obscure gastrointestinal bleeding 
after colonoscopy and upper endoscopy[1]. Capsule 
endoscopy has also been shown to be of  use in patients 
with suspected Crohn’s disease. Many papers have been 
published on the utility of  capsule endoscopy for the 
diagnosis of  Crohn’s disease in cases of  both suspected 
and known illness[2-5]. In a pooled data analysis, CE had a 
miss rate for ulcers of  0.5%[6]. A meta-analysis of  eleven 
studies including 223 patients, comparing CE to other 
imaging modalities of  the small bowel for inflammatory 
bowel disease established that CE has an incremental 
diagnostic yield of  25%-40% over other modalities such 
as barium studies and CT scanning (Table 1)[7]. This 
ability to visualize ulcers and other subtle inflammatory 
lesions led to the use of  this technology to study the 
adverse effects of  non-steroidal anti-inflammatory drugs 
(NSAID) on the small intestine[8]. The International 
Conference on Capsule Endoscopy (ICCE) consensus 
statement concluded that capsule endoscopy identifies 
small-bowel mucosal lesions not seen with other 
imaging modalities and may therefore play an important 
diagnostic role in the evaluation and monitoring of  
patients with known or suspected Crohn’s disease[9]. 
Secondly, they concluded that capsule endoscopy may 
have a unique role in assessing mucosal healing after 
medical therapy, for assessing early postoperative 
recurrence and in guiding therapy, and finally the 
consensus statement concluded that capsule endoscopy 
may identify sub-clinical markers in asymptomatic family 
members and contribute to the understanding of  the 
natural history inflammatory bowel disease (IBD). 

SUSPECTED CROHN’S DISEASE
With capsule endoscopy able to identify mucosal changes 
before other technologies, it is often used in patients 
with suspected Crohn’s disease. This is a group that 
previously had not been formally defined. Suspicion of  
Crohn’s disease was previously left to the discretion of  
the treating physician and usually was considered when a 
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patient had either abdominal pain or persistent diarrhea. 
Yields of  capsule endoscopy are low when performed 
in patients with abdominal pain alone[10] and in patients 
with abdominal pain and diarrhea alone[11]. When other 
criteria are added this yield increases. The addition of  
a sign or symptom of  inflammation increases the yield 
of  capsule endoscopy. In the CEDAP-Plus study of  
50 patients with suspected Crohn’s disease, signs of  
inflammation included elevated erthrocyte sedimentation 
rate, elevated C-reactive protein, thrombocytosis and 
leukocytosis and one of  these markers increased the 
yield of  capsule endoscopy with an odds ration of  3.2[12]. 
The landmark paper by Fireman enrolled patients with 
abdominal pain, diarrhea, anemia, and weight loss. These 
patients had had symptoms for an average of  6.3 years 
and all had normal colonoscopies, upper endoscopies 
and small bowel series. Crohn’s disease was diagnosed 
in 12 of  the 17 by capsule endoscopy. It is clear that 
selective criteria were needed. The first consensus 
statement of  the ICCE addressed the proper selection 
of  patients and the group of  suspected Crohn’s disease 
was defined[9]. More recently, the ICCE convened in part 
to expand their definition of  patients who should be 
considered as being suspect for Crohn’s disease[13]. An 
algorithm was formulated (Figure 1). Patients should be 
considered for capsule endoscopy to diagnose or exclude 
the diagnosis of  Crohn’s disease if  they had symptoms 
plus either extraintestinal manifestations, inflammatory 
markers or abnormal imaging studies. 

INDETERMINATE COLITIS
Another emerging use of  capsule endoscopy in the field of  
inflammatory bowel disease is in patients with indeterminate 
colitis. Colonoscopic and pathologic criteria cannot 
differentiate Crohn’s from ulcerative colitis in 10%-15% of  
colitic cases[14]. Proper identification of  the disease state is 
important especially when choosing a surgical intervention. 
A few studies have examined the potential role of  CE to 
rule out small bowel lesions suggestive of  Crohn’s disease 
in the setting of  indeterminate colitis. Mow reported 
finding small bowel lesions in 40% of  indeterminate 
cases[4]. Manoury reported 30 patients with indeterminate 
colitis and negative serologies in whom CE identified 5 
cases with Crohn’s[15]. This problem is especially difficult 
in children where the diagnosis cannot be assured in up 
to 30% of  cases[16]. Use of  capsule endoscopy in children 
has increased. Studies show that swallowing is possible in 
almost all cases, and in small children, the capsule is placed 
endoscopically[17]. 

RETENTION
Despite the ability to identify ulcers where no other 
technology could, there have been limitations to the 
application of  this new technology. Fear of  retention 
is one. Having a capsule retained in the small bowel 
remains a major concern for physicians performing 
capsule endoscopy since it could possibly lead to surgery 
in a patient who may otherwise have been treated 
medically for the same illness. This has been felt to 
be true especially for patients with Crohn’s disease or 
NSAID enteropathy. The ICCE consensus statement 
on capsule retention reported a 1.5% risk of  retention 
when capsule endoscopy is performed in the setting of  
suspected Crohn’s disease[18]. Cheifetz reported retention 
in 13% of  exams performed in the setting of  previously 
known Crohn’s disease[19]. 

The ICCE consensus statement defined capsule 
retention as having a capsule endoscope remain in 
the digestive tract for a minimum of  two weeks[18]. 
Retention was also defined as the capsule permanently 
remaining in the bowel lumen unless extracted by 
endoscopic or surgical methods or if  passed as a result 
of  medical therapy. There is no data on the success 
of  medical therapies for retention such as initiating a 
course of  steroids or infliximab, stopping NSAIDs, or 
using prokinetics or cathartics to aid in passage of  the 
capsule. There is no time limit to institute management 
for capsule removal and capsules have stayed in patients 
asymptomatically for over 3 years. 

It is up to the physician and patient together to decide 
the best management for capsule retention. The choice of  
surgical, endoscopic, or medical management once capsule 
retention has been diagnosed depends on the cause of  
the retention, the indication for the exam in the first 
place, and the extent of  previous treatment. If  retention 
occurs behind a tumor or mass, surgical intervention is 
typically pursued quickly. If  retention occurs behind a 
Crohn’s stricture and the patient has had pronounced 
bleeding, again surgical intervention may prove the most 
efficacious method of  not only removing the capsule 
but also dealing with the cause of  hemorrhage. This is 
equally true for retention in a patient with known Crohn’s 
disease and recurrent symptoms but without documented 
disease by any other method and failure to respond to 
medical therapy prior to the capsule exam. Those with 
known Crohn’s disease who have already maximized 
their treatment with biologics and steroids for ongoing 

Total yield 
  CE (%)

Total yield other 
  modality (%)

  % IY for 
CE (95% CI)

Small bowel series        66           24 42 (0.30-0.54)
Ileoscopy        61           46 15 (0.02-0.27)
CT enterography        75           37 38 (0.23-0.54)
Push enteroscopy        51             7 44 (0.31-0.57)
Small bowel MRI        60           40 20 (0.41-0.81)

Table 1  The incremental yield of capsule endoscopy over 
other testing (Treister et al [7])

Figure 1  Criteria for suspected Crohn’s disease (Mergener et al[13]).
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symptoms are not likely to improve without surgical 
intervention. Finally, for the patient in whom bleeding 
is not pronounced or in whom prior disease was only 
suspected but not treated, capsule retention behind a 
NSAID or Crohn’s stricture can be managed with double 
balloon enteroscopy[20]. This technique allows for capsule 
retrieval and then the patient can be treated medically for 
their underlying illness. 

In an effort to avoid such situations, a dissolving test 
capsule called a patency capsule has been developed[21]. 
This capsule is the same size as a video capsule. It is 
constructed of  cellophane with wax plugs at either end 
and it contains lactose mixed with 10% barium to make 
it radio-opaque. The wax plugs have holes that allow 
sucus entericus to dissolve the lactose and thus collapse 
the capsule into its various parts. A 2 mm × 10 mm 
radiotag inside the capsule allows the patient to be 
scanned externally to see if  it is present in the body. 
Typically the patency capsule is swallowed by the patient 
and he or she is scanned 30 h after ingestion. At 30 h  
the capsule begins to dissolve. Thirty-eight percent 
of  patency capsules are dissolved by 35 h and all are 
dissolved by 36-72 h. 

CAPSULE SCORING INDEX
The other major limitation to the adoption of  this 
technology has been the lack of  standardization when 
describing small bowel inflammatory lesions, in terms 
of  their extent and severity. Specifically, no one language 
for findings has been developed, and no severity scale of  
mucosal disease activity or even a threshold for disease 
diagnosis has been agreed upon. There are many clinical 
scoring indices for Crohn’s disease including the Crohn’s  

disease activity index (CDAI), the Harvey-Bradshaw 
and van Hees indices among others[22]. Since prior to 
CE, there has been no good direct measure of  mucosal 
disease activity in the small intestine, these indices 
are based on clinical symptoms and some laboratory 
parameters. There is high interobserver variability in 
these scores due to their subjective nature[23]. Capsule 
endoscopy has provided the ability to detect mucosal 
inflammatory change of  the small intestine often missed 
by other techniques. Interpretation and comparison 
of  previous reports on the yield of  CE have been 
limited due to the lack of  a standardized and validated 
scoring index. The landmark papers by Fireman and 
Eliakim describing the yield of  CE in suspected Crohn’s 
disease did not outline the findings necessary to make 
the diagnosis[2,24]. Goldstein, who compared the effect of  
naproxen versus celecoxib on the small intestine, counted 
the number of  mucosal breaks to measure adverse 
drug effects[8]. Mow used the cut off  of  three ulcers of  
any size to establish a diagnosis of  Crohn’s disease[4]. 
Fidder defined a positive capsule study for Crohn’s 
disease as four or more ulcers, erosions, or a region with 
clear exudate and mucosal hyperemia and edema[25]. 
The meta-analysis of  CE in the setting of  Crohn’s 
disease recognized this lack of  a uniform method of  
categorizing findings at capsule endoscopy[7].

A scoring index has been developed to assess mucosal 
inflammatory disease in the small bowel detected by CE 
and this will be included in the next version of  capsule 
endoscopy software (Table 2)[26]. This scoring index is based 
on three capsule endoscopic variables: villous appearance, 
ulceration and stenosis (Figure 2). In addition, each variable 
is assessed by other parameters including size and extent 
of  the change. The changes in villous appearance and 

Parameters Number Longitudinal extent Descriptors

First tertile Villous appearance Normal: 0 Short segment: 8 Single: 1
Edematous: 1 Long segment: 12 Patchy: 14

Whole tertile: 20 Diffuse: 17
Ulcer None: 0 Short segment: 5 < 1/4: 9

Single: 3 Long segment: 10 1/4-1/2: 12
Few: 5 Whole tertile: 15 > 1/2: 18
Multiple: 10

Second tertile Villous appearance Normal: 0 Short segment: 8 Single: 1
Edematous: 1 Long segment: 12 Patchy: 14

Whole tertile: 20 Diffuse: 17
Ulcer None: 0 Short segment: 5 < 1/4: 9

Single: 3 Long segment: 10 1/4-1/2: 12
Few: 5 Whole tertile: 15 > 1/2: 18
Multiple: 10

Third tertile Villous appearance Normal: 0 Short segment: 8 Single: 1
Edematous: 1 Long segment: 12 Patchy: 14

Whole tertile: 20 Diffuse: 17
Ulcer None: 0 Short segment: 5 < 1/4: 9

Single: 3 Long segment: 10 1/4-1/2: 12
Few: 5 Whole tertile: 15 > 1/2: 18
Multiple: 10

Stenosis-Rated for 
Whole Study

Stenosis None: 0 Ulcerated: 24 Traversed: 7
Single: 14 Non-Ulcerated: 2 Not traversed: 10
Multiple: 20

Table 2  Parameters and weightings for the capsule endoscopy scoring index (Gralnek et al [26])
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ulceration are assessed by tertiles, dividing the small bowel 
transit time into three equal time allotments. The stenosis 
evaluation is done for one entire study. The endoscopic 
variables have been specifically defined. Villous appearance 
is defined as edema where villous width is equal or 
greater than villous height. Villous appearance is based on 
mucosa distinct and separated from an ulcer rather than 
contiguous to a mucosal break. Ulcerations are defined as 
mucosal breaks with white or yellow bases surrounded by 
red or pink collars. Ulcer size is based on the entire lesion 
including its surrounding collar and is measured according 
to the percentage of  the capsule image occupied by the 
ulcerated lesion. Ulcer size is based on the largest ulcer seen 
in each tertile. The number of  lesions was defined as single, 
few (2-7 lesions) or multiple (8 or more lesions). The index 
was created in four separate steps. First, as outlined above, 
the characteristics of  inflammatory change in the small 
bowel were identified. The terminology used accepted 
structured language developed for capsule endoscopy[27]. 
Second, blinded readers graded the presence or absence of  
each parameter on de-identified videos prospectively and 
also graded a perceived global assessment of  overall severity 
of  the findings. Third, the individual parameters and their 
descriptors were ranked in order of  severity. In the fourth 
step, values for each parameter were created using the 
descent gradient method, a mathematic method to optimize 
numbers assigned to a rank order of  variables. The premise 
was to assure that a final numerical score reflected the 
global assessment and that the global assessment agreed 
with the ranking of  finding severity. 

The score provides a common language to quantify 
mucosal changes associated with any inflammatory 
process. The index does not diagnose or measure a 
disease; it measures mucosal change. In addition, this 
scoring index does not have the discriminatory ability to 
differentiate these illnesses. At the same time however, 

the index could be used for a number of  different 
purposes including differentiating normal small bowel 
from disease states. This scoring index may be able to 
help establish the diagnosis of  small bowel Crohn’s  
disease when combined with other clinical signs/
symptoms including patient history, clinical presentation 
and laboratory values. The index could also be potentially 
used to measure and document mucosal healing in 
response to therapy. The CE scoring index can provide 
one more point of  evaluation along with other patient-
level data to assist in determining appropriate patient 
management. Finally, the score could be a standardized 
method of  communication both for treating physicians 
and for research purposes when assessing therapies and 
outcomes of  patient’s with small bowel Crohn’s disease. 

THE FUTURE OF CAPSULE ENDOSCOPY
IN IBD
Capsule endoscopy has the opportunity to propel a 
coming paradigm shift in the treatment of  Crohn’s 
disease. It is clear that capsule endoscopy identifies the 
earliest inflammatory changes in the small bowel. At the 
same time, the average time from the onset of  a patient’s  
symptoms until diagnosis historically lags an average of  
35 mo[28]. Thus capsule endoscopy has the opportunity 
to diagnose Crohn’s disease earlier than ever before. 
What remains unclear is if  early diagnosis provides 
patient benefit. Does earlier diagnosis and thus earlier 
intervention change the natural history of  the disease? 
This is not known, though studies in children with 
fistulous disease had greater response to therapy the earlier 
they were diagnosed[29]. Thus it is theorized that early 
diagnosis will bring earlier treatment and thus improved 
outcomes. Another paradigm shift in the making is the 
method of  assessing disease activity. Previously, physicians 
have used patient symptoms to guide treatment. 
Unfortunately placebo response rates by symptoms 
average 18% (0%-50%)[30]. Remission has been defined 
as symptom improvement typically using the CDAI. But 
remission does not correlate with mucosal healing. In 
Rutgeerts’ trial of  75 patients treated with infliximab, 67% 
of  healed patients were in symptom remission, while 56% 
of  remission patients did not heal[31]. Prior to capsule 
endoscopy there was no reliable method to determine 
the extent or severity of  the disease in the small bowel 
though colonic evaluation has been available. It has been 
proposed that in the future, patient management decisions 
may be based on measures of  mucosal healing rather than 
symptom response[32]. A variety of  tools are available to 
assess overall disease activity including fecal and serum 
biomarkers, endoscopy, radiology, and capsule endoscopy. 

In summary, capsule endoscopy has been shown to 
detect small bowel inflammatory changes better then any 
other imaging modality. A common language has been 
developed. It is envisioned that the manner in which we 
treat Crohn’s disease in the future will change, based on 
earlier diagnosis and treatment aimed at mucosal healing 
rather than symptom improvement.

A B

C

Figure 2  Examples of endoscopic findings of Crohn’s disease at capsule 
endoscopy. A: Edema; B: Ulceration; C: Stricturing.
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