
ABSTRACT

Introduction: several studies have pointed out the effective-
ness of the PillCam© colon capsule endoscopy (CCE) compared
with the colonoscopy in the study of the colonic pathology. 

Aims and methods: the objective of our study was to assess
the agreement in the diagnosis of CCE with conventional colonos-
copy as well as its sensitivity and specificity, and to describe the
findings of the CCE in our clinical practice. Consecutive patients
with abdominal symptoms were included in the study. The CCE
was performed as previously reported (with PEG and sodium
phosphate as laxative agents). The nature and location of the fin-
dings, colonic transit time, complications, cleanliness degree and
consistency with diagnostic colonoscopy, when performed, were
analyzed. 

Results: a total of 144 subjects (67 women and 77 men);
(52.17±16.71 years) with the following indications were included:
screening of Colorectal cancer (88 patients), control after polipec-
tomy (24), incomplete colonoscopy (7), Rectal Bleeding (10), ane-
mia (8), diarrhea (7). The CCE exploration was complete in
134/144 cases (93%), with no case of retention. The preparation
was good-very good in 88/134 (65,6%), fair in 26/134 (19,4%)
and poor in 20/134 (15%) of the cases. The average colonic tran-
sit was of 140.76 min (9-603). Any adverse effect was notified.

In 44 cases a colonoscopy was carried out after CCE (results
were hidden from another endoscopist). Compared to colonos-
copy, the rate of agreement was 75,6%, the sensitivity was 84%
and the specificity 62,5%, PPV was 77,7% and NPV was 71,4 %. 

The colonic findings in 134 CCE were: in 34 cases CCE it did
not show lesions, diverticulosis in 63 explorations, polyps in 43,
angiodysplasias in 15, Crohn´s Disease in 9 and ulcerative colitis
in other 8 cases.

Conclusions: the CCE is an effective and reliable technique
for the detection of lesions in colon, and because of its high agree -
ment with the colonoscopy, it could be useful in clinical practice.
Further studies with large seria and cost-effectiveness analysis are
needed to confirm these data.

INTRODUCTION

Capsule endoscopy has been established as the diagno-
sis of obscure gastrointestinal bleeding and in other small
bowel suspected lesions (1-3) and it is known to be useful
only for the study of small bowel mucosa injuried (4).
Following the path marked by this capsule, a colon cap-
sule endoscopy has been developed. Several studies have
pointed out the effectiveness of the PillCam© colon cap-
sule endoscopy (CCE) compared to the colonoscopy in
the study of the colonic pathology (5,6). 

The CCE is similar to the conventional capsule but has
two cameras which are able to record video images from
both ends. The device measures 31 by 11 mms and ac-
quires images at a rate of 4 frames per second. The pre-
programmed “sleep” mode allows recording of images
from the esophagus and the stomach for 3 minutes and
after that capsule switches to sleep mode for 1 hour 45
minutes, so that it saves battery. During this period, the
capsule is likely to transit most of the small bowel and
reaches approximately the level of terminal ileum. Re -
cording and downloading of data are similar to those for
small-bowel capsule endoscopy (7).

The high-priority objective of CCE is the “screening”
of colorectal cancer in the risk population and appears to
be a promising new modality for colonic evaluation. In
order to find out the sensitivity and specificity of the
CCE compared to colonoscopy in screening colorectal
cancer some studies have been developed (5,6,8,9).

In addition, CCE may be a new technique to evaluate
colonic lesions not only adenomas. It could be a good al-
ternative in patients refusing conventional colonoscopy
or when it is contraindicated. This is the first study that
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compares other lesions not only polyps to colonoscopy
and moreover we describe our findings in all the proce-
dures we have carried out with the new CCE.

AIMS

Based on the aboved mentioned studies, it seems that
CCE could be a new non-invasive modality to visualize
the colon. Therefore, the main objective of our study was
to evaluate the detection rates and the agreement of co -
lonic pathological conditions, not only polyps, using
CCE compared to conventional colonoscopy as well as
its sensitivity and specificity. 

The secondary objective was to describe the findings of
CCE in our clinical practice, efficacy of colon cleansing
preparation and adverse events detected with the CCE.

MATERIAL AND METHODS

Study design

This was a prospective study divided in two parts:

– The first part was a prospective study in which we
compare CCE with colonoscopy for the detection of
colonic disease. 

– And the second part was a prospective and only de-
scriptive study in which we describe our CCE fin -
dings in patients with suspicious of colonic lesions.

The inclusion criteria were people between 18 and 80
years old who had been referred for colorectal cancer
screening, control after polipectomy or suffered digestive
symptoms (rectal bleeding, anemia or diarrhea). The ma -
jority of these patients did not want to undergo a conven-
tional colonoscopy.

Exclusion criteria were similar to those used in con-
ventional capsule endoscopy: dysphagia, suspected or
known small bowel or colonic strictures, pregnancy, ab-
dominal surgery in the past 6 months, a life threatening
condition, allergic to one of the laxative included in the
preparation or inability to provide informed consent. 

All subjects included in this study signed the written
informed consent prior to study enrolment.

The Pillcam® Colon Capsule

The Pillcam® Colon Capsule (Given Imaging) used in
this study is the conventional capsule used in the previ-
ous studies that evaluated this new device. It has two
cameras and a ten-hour life battery. After three minutes
running, the capsule turns off for a period of two hours
and then wakes up and restarts the transmission of im-
ages. 

Colon preparation and assessment of bowel cleanliness

The CCE was performed as previously reported (with
PEG and sodium phosphate as laxative agents) (5,6). Pa-
tients were asked to maintain a low fiber diet 2 days be-
fore capsule ingestion. Once the capsule was swallowed,
additional laxative and prokinetic agents were provided
to the patients (Table I).

The nature and location of the findings, colonic transit
time, complications, degree of cleanliness and consisten-
cy with diagnostic colonoscopy, when it was performed,
were analyzed.

The grading scale used to assess colon cleanliness at CCE
was the same as used in previous studies (5,6) (Table II).

Comparison of capsule endoscopy and conventional
colonoscopy

Conventional colonoscopy was performed after the cap-
sule endoscopy, on the same or following day (following

70                                                                       J. M. HERRERÍAS-GUTIÉRREZ ET AL.                                         REV ESP ENFERM DIG (Madrid)

REV ESP ENFERM DIG 2011; 103 (2): 69-75

Table I. 

Time Action

Day-2 Low fiber diet
Day-1
All day Only clear liquids intake                              
18:00-21:00 3 liters of polyethylene glycol solution        
Examination day
07:00-08:00 1 liter of polyethylene glycol solution          
08:00 Fast until first dose of oral sodium

phosphate + water (except for
domperidone and Pillcam Colon intakes)    

08:45 20 mg Domperidone (with a glass of water)  
09:00 Pillcam Colon Ingestion                              
11:00 Booster dose 1 of oral sodium phosphate:

30 ml sodium phosphate + 1 liter of
water.

15:00 Booster dose 2 of oral sodium phosphate:
15 mL sodium phosphate + 1 liter of water

16:00 Optional light snack (low fiber)
Fast until conventional colonoscopy
procedure                                                   

17:30 10 mg Bysacodyl rectal suppository            
20:00 Conventional colonoscopy performed

Table II. 

Description of findings Status Grade

No more than small bits of adherent feces Excellent 1        
Small amount of feces or dark fluid, but 
not enough to interfere with the examination Good 2        
Enough feces or dark fluid present to 
preclude a completely reliable examination Fair 3        
Large amount of fecal residue Poor 4
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CCE excretion). The physician performing the capsule pro-
cedure and reading the capsule and the physician perform-
ing the conventional colonoscopy study were blinded for the
other technique. When a polyp was seen with the colonos -
copy, it was removed and recorded by location and by size.

Statistical analysis

Sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV), of the Pillcam
Colon capsule endoscopy versus conventional colonos -
copy were calculated.

A second descriptive analysis was done in the non-
comparative study. 

RESULTS

A total of 144 subjects were included in the study (67
women and 77 men); (52.17±16.71 years). The indica-
tions were: screening of colorectal cancer (88 patients),
control after polipectomy (24), incomplete colonoscopy
(7), rectal bleeding (10), anemia (8), diarrhea (7). In 44
ca ses a colonoscopy was carried out after CCE (results
hidden from another endoscopist). In 3 cases the compari-
son was not possible (in 2 cases because the capsule ex-
amination was not completed and in 1 case because colo -
nosco py was not concluded). The rest of patients (100
patients) refused conventional colonoscopy so the possi-
bility to undergo a CEE was offered to them.

Compared to colonoscopy, the rate of agreement was
75,6%, the sensitivity was 84% and the specificity
62,5%, PPV was 77,7% and NPV was 71,4 % (Table III).

In 4 cases CCE was positive with negative colonoscopy.
Two cases were diverticulosis and 2 had one angiodyspla-
sia that was not seen by colonoscopy. Concerning detec-
tion of polyps, CCE detected 19 polyps (two of them not
detected by colonoscopy) and colonoscopy detected 19
polyps (two of them not detected by CCE). 

The exploration with CCE was completed in 134/144
cases (93%), without any case of retention. The prepara-
tion was good-very good in 88/134 (65,6%), fair in 26/
134 (19,4%) and poor in 20/134 (15%) of the cases. The
average colonic transit was 140.76 min (9-603). Any ad-
verse effect was notified.

The colonic findings in 134 CCE were: in 34 cases
CCE did not show lesions, diverticulosis in 63 explo-
rations, polyps in 43, angiodysplasias in 15, Crohn´s di -
sease in 9 and ulcerative colitis in other 8 cases (Ta -
ble IV).

See pictures.

DISCUSSION

The CCE must be considered as a new technique to ex-
plore colon mucosa. It is a non-invasive and easy tool to
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Table III. 

Sensitivity 84%                    
Specificity 62,5%                 
Positive predictive value 77,7%                 
Negative predictive value 71,4%                 
Rate of agreement 75,6%                 

Table IV. 

Diagnostics Number

Normal 34                                 
Diverticulosis 63                                 
Polyps 43                                 
Angyodisplasias 15                                 
Crohn´s disease 9                                   
Ulcerative colitis 8                                   
Colon cancer 1                                   

Fig. 1. Pseudopolyps visualized by CCE.
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manage so it is an advantage compared to conventional
colonoscopy. The main indication of the CCE is the colon
cancer screening and in order to find out the sensitivity
and specificity of the CCE compared to colonoscopy in
screening colorectal cancer, some studies have been de-
veloped in colorectal cancer screening (5,6,8). 

The most important study published about CCE is a
prospective, multicenter study comparing capsule endos -

copy with colonoscopy in a group of patients with known
or suspected colonic disease in the detection of colorectal
polyps or cancer (10). A total of 328 patients were includ-
ed in the study. Sensitivity and specificity of CCE to de-
tect polyps of 6 mm in size or larger were 64% and 84%,
respectively. It is important to comment that of 19 can-
cers detected by colonoscopy, 14 were detected by cap-
sule endoscopy.
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Fig. 2. Polyp seen by colonoscopy (a) and by capsule endoscopy (b).

Fig. 3. Polyp seen by colonoscopy (a) and by capsule endoscopy (b).
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These results are similar to the two European studies re-
cently (5,6) published. In these studies, the sensitivity was
69% and 76%, specificity was 81% and 64%, the positive
predictive value was 74% and 83% and the negative pre-
dictive was 78% and 54%, respectively, for polyp detec-
tion. Although our study does not evaluate sensitivity and
specificity compared to colonoscopy for the detection of
polyps, the results of our study for any findings are similar
to the before mentioned studies. Perhaps the sensitivity is
higher and the specificity is lower, because CCE is able to

detect colonic findings that conventional colonoscopy
misses. In Eliakim et al. ( 5) study, in four cases colonosco -
py had to be repeated because CCE detected significant
colonic findings and colonoscopy was negative. Even po -
lyps larger than 6 mms were detected by CCE and co -
lonoscopy had failed to detect them. Possibly, the fact that
CCE takes images from both ends improves visualization
of lesions that the colonoscopy misses. Nevertheless, the
new second-generation colon capsule endoscopy will im-
prove the visualization of colonic lesions. Sensitivity and
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Fig. 4. Polyp seen by colonoscopy (a) and by capsule endoscopy (b).

Fig. 5. Crohn’s disease. Colonoscopy findings and CCE findings.
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specificity for detecting colorectal polyps appear to be
very good, suggesting a potential for improved accuracy
compared with the first-generation system, although fur-
ther prospective and comparative studies are needed (10).
Two metaanalysis has been recently published and confirm
that CCE is a reasonable method for screening asympto-
matic individuals for colorectal polyps. It may be particu-
larly useful for patients with “incomplete” colo noscopy,
those with contraindications for conventional colonoscopy,
and those unwilling to undergo colonoscopy because of its
perceived inconvenience and discomfort (11,12).

In Van Gossum et al. (8) study, the preparation was
good or excellent in 72% of the patients. The grade of
cleanliness was excellent or good in 65%-85% of the pa-
tients included in the European studies (5,6). In our study
the grade of cleanliness was good or excellent in 65,6%.
The pre paration chosen was a mixture of those used in
the European studies.

It appears that colon cleanliness significantly influ-
ences the sensitivity of capsule endoscopy. In the largest
study (8) the sensitivity was significantly higher in the
patients with good or excellent cleanliness compared to
those with poor or fair cleanliness. The sensitivity and
specificity for the detection of polyps (≥6 mm) in patients
with good or excellent cleanliness was 75% and 84%, re-
spectively, and for the detection of such polyps in pa-
tients with poor or fair cleanliness, the sensitivity and
specificity were 42% and 84%, respectively. In a recent
study (13) the exclusion of NaP booster from CCE prepa-
ration resulted into a clinically meaningful reduction of
the capsule excretion rate that was only partially compen-
sated by the PEG booster.

The CCE rate of complete excretion was 81%-92% in
the previous studies, and collateral complications of the
procedure did not show. In our study the rate is similar
(93%) to the rate detected in the Van Gossum study. No
adverse events were detected and all capsules worked
properly although some failure has been described (14).

Another important point is to evaluate cost-effectiveness
of CCE. Only one study (15) has been published for colon
cancer screening indication, but there are no more studies
for the rest of indications. In this paper the cost-effective-
ness of capsule endoscopy was studied by a computer mod-
el based on a Markov process. When simulating an initial
compliance to capsule endoscopy 30% better than colonos -
copy, capsule endoscopy became the more effective and
more cost-effective option. So it is concluded that the cost-
effectiveness of capsule endoscopy depends mainly on its
ability to improve compliance to CRC screening. 

Although the main objective of the CCE must be colon
cancer screening, CCE should be considered a new tech-
nique able to detect colonic lesions in patients who refuse
conventional colonoscopy or patients with incomplete
colonoscopy. Nevertheless, more studies must be done to
improve the colon cleanliness and also to compare it to co -
lonoscopy in other pathologies, such as inflammatory
bowel diseases, diverticulosis or vascular lesions.

In our study some limitations can be found. First of all,
not all the CCE studies are being compared to conven-
tional colonoscopy, but we must say that all these patients
refused the conventional colonoscopy. Secondly, the sta-
tistics have been calculated for all the colonic findings
and perhaps it should have been calculated for each le-
sion (but there are not enough patients to do so).

Therefore, based on these data, we consider that CCE is
an effective and sure technique for the detection of lesions
in colon and it could be used in clinical practice in some
cases (patients who refuse conventional colonoscopy or in-
complete colonoscopy). Nevertheless, further studies with
larger seria and cost-effectiveness analysis are needed to
confirm these data.
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Fig. 6. Colon cancer visualized by CCE.
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