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Abstract
Wireless capsule endoscopy has become the first 
imaging tool for small bowel examination. Recently, 
new capsule endoscopy applications have been 
developed, such as esophageal capsule endoscopy 
and colon capsule endoscopy. Clinical trials results 
have shown that colon capsule endoscopy is feasible, 
accurate and safe in patients suffering from colonic 
diseases. It could be a good alternative in patients 
refusing conventional colonoscopy or when it is 
contraindicated. Upcoming studies are needed to 
demonstrate its utility for colon cancer screening and 
other indications such us ulcerative colitis. Comparative 
studies including both conventional and virtual 
colonoscopy are also required.
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INTRODUCTION
Colorectal cancer (CRC) is the second most frequent 
cause of  cancer-related death in western countries -skin 
tumors excluded-, after lung cancer in men and breast 
cancer in women. One out of  three patients suffering 
from CRC will not survive[1]. Nevertheless, it can be 
considered as a preventable and curable condition. 
Firstly a preventable condition because in most cases, 
it develops from colonic adenomas. In fact, colonic 
adenomas are found in 11% to 40% of  average risk 
population[2-4]. And secondly, a curable condition, 
because the 5-year survival rate in early stages can reach 
90%[1]. For these reasons, conventional colonoscopy 
is suggested to be the optimal technique to be used 
for CRC screening programs in high-risk population, 
allowing a 90% decrease in CRC incidence[5]. However, 
it has to be considered that no more than 25% of  
compliance has been achieved in screening programs[5]. 
This low compliance can be explained by the drawbacks 
of  conventional colonoscopy, such as being painful, 
patient’s embarrassment or the need of  sedation. 
Non-invasive techniques for colonoscopy, such as CT 
colonography[6-8] and Colon Capsule Endoscopy[9-11] are 
currently being evaluated as alternatives to conventional 
colonoscopy in order to improve the compliance to 
screening programs.

PILLCAM™ COLON CAPSULE
A large number of  clinical trials have been performed 
testing different capsule designs in healthy volunteers. 
Finally, Given Imaging Ltd. has developed the final 
prototype for colon examination, which is called  
PillCam™ Colon. The PillCam™ Colon capsule has 
some differences from those used to study the small 
bowel and the esophagus. It measures 31 mm in length 
(4 mm longer than the PillCam™ ESO and SB) and  
11 mm in diameter (the same as PillCam™ ESO and SB).

Figure 1 shows some morphologic differences 
between the three capsules commercially available. 
The PillCam™ Colon capsule has also some technical 
improvements, such as being equipped with cameras 
on both ends taking 4 images per second (2 images per 
camera). Each camera contains an automatic lighting 
control and has improved optics, which capture more 
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than twice the coverage area and depth of  field of  
PillCam™ SB resulting in a superior observation 
field. Other specific features are the presence of  a 
longer battery (lasts 9-10 h on average), which can also 
“hibernate” minutes to hours after ingestion in order to 
conserve power before the capsule enters into the colon.

The accessory devices (sensor arrays and Data 
Recorder) are similar to those ones used by the PillCam™  
ESO and SB. The RAPID® software used for images 
visualization during first clinical trials is a scientific 
version very similar to RAPID® 4, which includes (Ⅰ) 
a larger image display (round-rectangular shape), (Ⅱ) 
a complementary capsule localization system and an 
(Ⅲ) image enhancement (IE) features (Figure 2). The 
localization display is similar to the one already in use for 
the small bowel, but it also includes a schematic diagram 
of  the colon that helps the physician to identify the 
location of  findings, i.e., right, transverse and left colon 
segments once the main anatomic landmarks (first cecal 
image, the hepatic flexure, the splenic flexure and the 
body exit) have been selected. Moreover, this software 
allows the physician to enhance the appearance of  the 
image by changing their color, brightness and sharpness.

RAPID® Access RT by Given Imaging allows real time 
visualization of  capsule images. This is extremely useful 
in certain circumstances as the physician can intervene to 
optimize the procedure by changing patient position or 
administering medications such as laxatives depending on 
the images obtained in real time. In the PillCam™ Colon 
procedure, the importance of  the real time viewer is that -as 
we will see later in more detail- 2 h post PillCam™ Colon 
Capsule ingestion, the patient has to drink a small amount 
of  Sodium Phosphate. It is well known that Sodium 
Phosphate can delay gastric emptying time; therefore before 
giving it to the patient, it is recommended to check if  the 
capsule has left the stomach, which can be easily done with 
the real time viewer.

PROCEDURE AND CLEANLINESS
The procedure of  bowel cleansing until capsule ingestion 
is similar to that used for traditional colonoscopy. It 
usually begins one day before capsule ingestion, with 
the administration of  laxatives to the patient. Patients 
are usually asked to maintain a low fiber diet 2 d before 
capsule ingestion. After the capsule has been ingested 
additional laxative and prokinetic agents are provided 
to the patient in order to (Ⅰ) maintain the cleanliness 
of  the colon throughout the transit of  the capsule and 
(Ⅱ) enhance capsule propulsion and excretion within 9- 
10 h post ingestion. The laxative and prokinetic agents 
are commercially available, and are provided within their 
permitted dose. Detailed information of  the prep and 
procedure regimen used in recent trials[9-11] is shown in 
Table 1.

First results using the same prep as conventional 
colonoscopy showed low capsule excretion rates (about 

Figure 1  PillCam™ SB, ESO and Colon.

Figure 2  New Software for Colon Capsule reading: RAPID® 5 Scientific Edition.

Table 1  Procedure protocols

Eliakim[10] Schoofs[9] Lewis[11]

Day-2 Low fiber diet (-) (-)
Day-1 19:00-20:00 PEG 2 L 18:00-21:00 PEG 3 L 18:00-21:00 PEG 3 L
Day 01 07:00-08:00

 PEG 1 L
+

08:15
 Tegaserod 6 mg

+
08:30

Capsule ingestion
+

10:30
 NaP 30 mL2

+
13:00

Tegaserod 6 mg
+

14:00
 NaP 15 mL

+
16:30

Bisacodyl 
suppository 10 mg

06:00-07:00 
PEG 1 L

+
07:45 

Motilium 20 mg
+

08:00 
Capsule ingestion

+
10:00 

NaP 45 mL2

+
14:00 

NaP 30 mL
+

16:30 
Bisacodyl 

Suppository 10 mg

07:00-08:00 
PEG 1 L

+
08:15 

Tegaserod 6 mg
+

08:30 
Capsule ingestion

+
10:30 

NaP 30 mL2

+
13:00 

Tegaserod 6 mg
+

14:00 
NaP 15 mL

+
16:30 

Bisacodyl 
suppository 10 mg

1If the capsule was excreted, the regimen was discontinued; 2Only if the 
capsule has exit the stomach.
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20%) which meant low rates of  complete colonoscopies. 
Changes in prep regimens were then introduced (see 
Table 1) and higher excretion rates were reported by 
Eliakim et al[9], Schoofs et al[10] and Lewis et al[11] (78%, 
84% and 90%, respectively). Moreover, the colon 
cleansing level reported by Eliakim et al[9] and Schoofs 
et al[10] was good to excellent in 84.4% and 88% of  the 
patients, respectively. Recently, an undergoing European 
multicenter study published in abstract form[12] has 
reported a capsule excretion rate of  93% and good to 
excellent colon cleansing level in 71% of  the patients. 
All these results are consistent with those obtained 
by conventional colonoscopy. As the goal of  colon 
capsule endoscopy is to improve patient compliance 
to CRC screening, other simplified ingestion regimens 
including Moviprep® as the main laxative product or 
capsule procedures during the night are currently under 
evaluation.

LESIONS DETECTION
The long term primary objective of  the PillCam™ Colon 
capsule is the average risk population undergoing CRC 
screening. In order to evaluate the accuracy of  the new 
capsule device, it is being tested in those patients with 
known or suspected lesions (i.e. polyps or tumors). At 
the moment, encouraging results has been reported. Two 
European feasibility studies[9,10] including a total of  132 
patients and one American study[11] published in abstract 
form including 25 patients, have recently evaluated 
the role of  the PillCam™ Colon capsule in detecting 
colonic lesions. In all of  these studies, conventional 
colonoscopy was considered the gold standard and the 
American[11] study included also the virtual colonoscopy 
as an additional comparative procedure. Preliminary 
results from these studies are resumed in Table 2. The 
European studies showed a capsule sensitivity (S) for 
polyps of  any size of  69% and 76%, specificity (E) of  
81% and 64%, positive predictive value (PPV) of  74% 
and 83% and negative predictive value (NPV) of  78% 
and 54%, respectively. Those polyps greater than 6 mm 
or 3 polyps of  3 mm were considered significant lesions. 
The accuracy of  the colon capsule for significant lesions 
was very similar as well as for inflammatory lesions 
(i.e. diverticula, ulcerative colitis, etc). These results are 
consistent with those obtained in the American study 

which also showed that conventional colonoscopy was 
more accurate than colon capsule endoscopy and virtual 
colonoscopy (81%, 63% and 54%, respectively). In the 
European multicenter study[12], S, E, PPV and NPV 
for significant lesions were 66%, 82%, 72% and 77%, 
respectively; S, E, PPV and NPV for polyps > 6 mm 
were 64%, 84%, 60% and 86%, respectively and S, E, 
PPV and NPV for polyps > 10 mm were 60%, 98%, 
83% and 93%, respectively. These results are very similar 
to those obtained by previous studies. On the other 
hand, the Z line is clearly visualized in 60% of  cases 
by the capsule, even if  the capsule is ingested in the 
standing position[10]. It means that patients undergoing 
CRC screening by PillCam™ Colon capsule endoscopy 
could be also screened for Barrett´s esophagus. Figure 3  
shows some images from PillCam™ Colon capsule 
endoscopy.

SAFETY
The capsule colonoscopy seems to be a safe procedure. 
Capsule or laxatives-related complications during 
procedures has nor been reported by first feasibility 
studies[9-11]. On the other hand, 2 of  126 patients (1.6%) 
were unable to swallow the capsule in the study by 
Eliakim et al[9]. However, in these patients, the capsule 
can be easily introduced into the stomach or duodenum 
by means of  the capsule deliver system (US Endoscopy).

Table 2  Results of PillCam™ Colon trials

Yr n S E PPV NPV
Results for polyps (any size)
Eliakim[9] 2006 91 69% 81% 74% 78%
Schoofs[10] 2006 41 76% 64% 83% 54%
Results for significant polyps (> 6 mm or > 3 polyps > 3 mm)
Eliakim[9] 2006 91 63% 94% 67% 91%
Schoofs[10] 2006 41 60% 73% 46% 83%
Results for other lesions
Eliakim[9] 2006 91 78% 76% 47% 93%
Schoofs[10] 2006 41 76% 63% 82% 52%

S: Sensitivity; E: Specificity; PPV: Positive predictive value; NPV: Negative 
predictive value.
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Figure 3  Images captured by the Pillcam™ Colon and conventional 
colonoscopy. A and B: Pedunculated polyp in the sigmoid colon; C and 
D: Ulcerated tumor in the transverse colon; E and F: Flat adenoma in the 
ascending colon.
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COST-EFFECTIVENESS
As demonstrated by several studies, patients’ compliance 
for CRC screening is still much lower that for other 
common neoplastic diseases such as breast and prostate 
cancer. Therefore, alternative procedures such as colon 
capsule endoscopy or CT colonography, which may 
increase patients´ compliance, are welcome. In fact, 
colon capsule endoscopy is an attractive non-invasive 
method for CRC screening, especially for those patients 
who are non-compliant to current screening procedures. 
Whether colon capsule endoscopy will be cost-effective 
has not been widely evaluated. However, a recent paper 
by Hassan et al[13] based on a mathematical Markov 
model concludes that colon capsule endoscopy may 
be cost-effective compared with colonoscopy if  a 30% 
patients´ compliance increase is achieved. Moreover, as 
polyp detection by capsule endoscopy is expected to be 
more accurate in the future, it may be cost-effective even 
if  compliance rates achieved remains lower than 30%.

CONCLUSION
Based on current available studies, PillCam™ Colon 
capsule colonoscopy is a feasible, effective and safe 
procedure that allows the visualization of  the entire 
colon in most of  the cases. It may be complementary to 
conventional colonoscopy and could be an appropriate 
exam for those patients who have received incomplete 
colonoscopy, contraindicated or are unwilling to undergo 
conventional colonoscopy. Further studies are needed 
to confirm these results and the possibilities of  this new 
modality for endoscopic examination of  the colon and 
for CRC screening. As colon capsule endoscopy has 
still some limitations (cannot insufflate air, clean or take 
biopsies), future capsule prototypes seem to be necessary. 
Moreover, it is anticipated that future procedures with 
modified regimens that may be performed at home, 
possibly over the weekend, can offer a unique method 
and further enhance patient compliance.
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