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Abstract
Introduction: In October 2006 the PillCam© Colon colonic capsule was used for the fi rst time ever for noninva-
sive colon. Recent studies have shown that is diagnostic performance is good in comparison with conventional 
colonoscopy for the study of colonic pathologies.

Objective: The objective of this study was to compare the diagnostic yield of PillCam© Colon in detecting 
colonic lesions with the yield of conventional colonoscopy for patients with symptoms in the mid and lower 
intestinal regions in a hospital in Cartagena.

Materials and methods: This was a prospective observational study of diagnostic tests which assessed 
the validity (sensitivity, specifi city and predictive values  ) of the PillCam© Colon and compared them with colo-
noscopy for the detection of colonic lesions in a cohort of patients at the University Clínica Universitaria San 
Juan de Dios in Cartagena. Patients had symptoms in the mid and lower intestinal regions.  Patients were 
examined from June 2011 to January 2013. Analyses were performed using STATA 11.0 software.

Results: We studied 25 patients: 14 women (56 %) and 11 men (44 %). All had previously undergone  
colonoscopies. Panendoscopies were performed on these patients using an activated  PillCam© Colon. We 
achieved complete colon examinations in 76% (19 patients). Colonic transit time was 2.4 hours (SD ± 1.3 
hours) and oral-anal transit time was 6.2 hours (SD ± 1.18). 78.9% of the fi ndings of the PillCam© Colon and 
colonoscopy agreed. The PillCam© Colon showed lesions not seen in colonoscopy in 29.2 % of patients. Its 
sensitivity for detecting colonic lesions was 96 % (95% CI 54.1-100) while its specifi city was 46.2 % (95% CI 
19.2 -74.9). The area under the ROC curve was 0.731 (95% CI .59 to .87).

Conclusion: PillCam© Colon is a highly sensitive and reliable non-invasive method for detection of lesions 
in the colon. It may be useful in clinical practice for early detection of colorectal cancer in high risk groups and 
in cases that colonoscopy is incomplete or contraindicated.
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INTRODUCTION

Th e PillCam ® COLON capsule endoscopy was developed 
by Given Imaging (Yoqneam, Israel), and was fi rst used in 
2006. (2) Given Imaging is the same company that invented 
the small bowel capsule. (1) Th e capsule is 31.5 mm long 
and 11.6 mms in diameter. It has 2 cameras, one at each 
end, and takes up to 4 images per second. Features include 

automatic control of light, enhanced optics, greater depth 
of fi eld and 10 hour batt ery life. Th e capsule is activated for 
3 minutes following ingestion and then goes into hiberna-
tion for 1 hour and 45 minutes to allow passage through the 
stomach without taking pictures until it enters the colon. 
Th e capsule is a disposable device which is expelled from 
the body by natural means. Th e duration of each study lasts 
from 8 to 10 hours and requires strict colon preparation for 
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proper viewing. (3,4) In September 2009, the second gene-
ration of PillCam ® COLON was licensed in Europe. (5)

Th e main tasks of the capsule include early detection of 
colonic polyps in high-risk patients who are in programs 
for colorectal cancer screening, (4-8), evaluation of the 
colons of patients who refuse colonoscopy or for whom it 
is incomplete, (9) and detecting other colonic lesions such 
as diverticular disease and ulcerative colitis. (4)

To date no other studies have been performed in 
Colombia that demonstrate the validity of the PillCam ® 
COLON for the study of colonic disease in patients with 
middle and lower digestive tract symptoms. We conduc-
ted this study to compare the clinical utility and validity of 
noninvasive colon exploration using PillCam ® COLON 
for detection of colonic lesions with conventional colonos-
copy which is an invasive process.

MATERIALS AND METHODS 

We performed a prospective study of diagnostic tests 
which assessed the validity of the PillCam ® COLON for 
detection of colonic lesions in a cohort of patients at the 
Clinica San Juan de Dios of Cartagena from June 1 2011 
to January 31 2013. All patients had mid and low intestine 
symptoms. Th e study’s research protocol was approved by 
the ethics committ ee of the University of Cartagena. Adult 
patients who were selected for the study also had to meet 
other requirements such as capsule endoscopy because 
of obscure gastrointestinal bleeding, recurrent abdomi-
nal pain, colonic polyposis and abdominal tumor. All 
patients studied underwent panendoscopy using PillCam 
® COLON to detect lesions in the small intestine and 
colon. Panendoscopy consisted of swallowing the capsule 
an hour and 45 minutes aft er it had been activated to allow 
uninterrupted exploration of the small intestine and colon. 
Prokinetic agents and capsule impellers were used to gua-
rantee expulsion of the capsule before the 10 hour duration 
of the batt ery.

We excluded patients who were pregnant, patients who 
had impassable esophageal strictures, and patients who 
could not undergo an MRI during the study. All patients 
signed informed consent forms before inclusion in the 
study. Each patient answered a structured questionnaire 
before and aft er the procedure. Questions covered socio-
demographic data, symptoms, study indications, establis-
hed diagnoses, tolerance to procedures and adverse events. 
Results of prior colonoscopies were not known by the gas-
troenterologist who evaluated the capsule images. Bowel 
preparation for all patients was according to the European 
protocol for capsule colonoscopy (see Table 1). (10) Th e 
duration of each procedure was 8 hours. Each patient had 
eight sensors placed on the abdominal wall which were con-

nected to a data recorder worn on a belt during the study. 
Aft er the capsule was synchronized with the data recorder, 
the capsule was swallowed with half a glass of water. Th e 
data recorder was connected to a computer, and then ima-
ges were downloaded and processed at the workstation. 
Th e resulting video of 58,000 images was studied exten-
sively by a trained gastroenterologist. Th e results of the 
study were detailed in a writt en report that evaluated the 
quality of colon preparation in accordance with the ratings 
of Leyton (11) as excellent, good, fair or poor (See Figure 
1). All information collected was recorded in a database to 
which were appended pictures and videos for further analy-
sis. Th e colon examination was defi ned as complete when 
the capsule recorded all segments of the colon until anal 
expulsion. Exploration was defi ned as incomplete when the 
capsule did not record a colon segment because the batt ery 
died prior to removal or because the capsule was retained 
in some segment of the colon before expulsion. 

Table 1. Colon preparation scheme

 Examination date Protocol used 
48 hours before video-
capsule 

Liquid diet 

24 hours before video capsule
6:00 AM  to  5:59 PM Liquid Diet
6:00 PM  to  9: PM Ingestion of 3 Liters of polyethylene glycol
Examination Date
5:30 AM  to 6:30 AM Ingestion of 1 Liter of polyethylene glycol 
7:00 AM Ingestion of the  PillCam Colon ®
8:00 AM 20 mgs of  Domperidone with a glass of water
9:00 AM Ingestion of tea or herbal tea
11: 00 AM Oral ingestion of 100 ml sodium phosphate 

plys 1 liter of water
1:00 PM Ingestion of  consommé and beverage
3:00 PM Expulsion

Statistical analysis

We performed a descriptive analysis for each variable. 
We calculated the mean and standard deviations (± SD) 
for continuous variables and the median with interquar-
tile range (IQR) for non-normally distributed variables. 
Categorical variables were grouped into absolute and rela-
tive frequencies and percentages were measured to describe 
them. Comparison of the validity of capsule colonoscopy 
with colonoscopy, the gold standard for studying colonic 
disease, was done through analyzing the results of complete 
studies of colon in which the capsule was expelled anally 
within 8 hours. We calculated the sensitivity, specifi city and 
predictive values   with 95% confi dence intervals for each 
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Figure 1. Images of colonic preparation in patients evaluated
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indicator. We evaluated the discriminatory power of the test 
by calculating the area under the operator-receiver curve 
(ROC analysis) based on the data’s sensitivity and speci-
fi city.  Values of the area under the curve that were close to 
1.0 were considered to be adequate. Th e results were recor-
ded in an Excel (Microsoft  Offi  ce 2010) database of and 
analyzed using STATA 11.0 (Statistical Soft ware: Release 
11. College Station, TX: Stata Corp LP).

RESULTS

We studied 25 patients: 14 women (56%) and 11 men 
(44%). Mean patient age was 54.9 years (SD ± 17.59). Th e 
most common reason for consultation by the patients stu-
died was melena which was present in 52% of the patients 
(see Table 2). Th e indications for the study for 22 patients 
were visible or occult bleeding. Indications varied for the 
other three patients: one was a post-treatment follow-up 
for a patient who had had lymphoma, one was a case of 
colonic polyposis, and one was a case of abdominal pain of 
unknown origin. 

Table 2. Baseline characteristics of the study population

 Characteristics  N (%)
Gender

Female
Male

13 (56%)
12 (44%)

Age 54.9 years (DE ±17.59)
Reason for Consulting 

Hematochezia
Dark or blood-stained feces
Anemia
Abdominal pain
Others

20%
52%
20%
4%
4%

Exploration of the colon
to the anus 
to the Sigmoid colon
to the right colon 

76% (n=19)
20% (n=5)
4% (n=1)

Quality of the preparation of the colon*
Excellent
Good
Regular
Bad

48% (n=12)
40% (n=10)
8% (n=2)
4% (n=1)

*According to Leyton’s classifi cation.

Proper preparation of the colon allowed adequate explora-
tion in 88% of cases (Figures 1 and 2).  Th e colon examina-
tion was complete in 76% of cases (n = 19) and incomplete 
in 24%. One of the incomplete examinations was complete 
until the right colon (4%, n = 1) and fi ve were complete until 
the sigmoid colon (20%, n = 5) (See Table 2).

Th e average colonic transit time in patients with com-
plete capsule examination was 2.4 hours (SD ± 1.3). 
Average oral-anal transit time (OATT ) was 6.2 hours (SD 
± 1.18). In the 6 patients with incomplete scanning of 
the colon, the capsule stayed in the colon for more than 
8 hours. Th e two patients for whom exploration was 
complete only to the right colon expelled the capsules 10 
hours aft er completion of the procedure. Th e four patients 
for whom exploration was complete only to the sigmoid 
colon took up to 20 hours (SD ± 3). Two of these four 
patients had histories of diabetes and the other two had 
severe constipation.

Toleration of preparation and procedure

Preparation tolerance was good in 76% of the cases. Six 
patients (24%) reported nausea during ingestion of the 
fi rst 3 liters of PEG. Four patients (16%) were not able to 
completely consume 4 liters of PEG.  Th e tolerance to the 
procedure was excellent in 100% of patients. No patient 
reported any complaints during ingestion or expulsion of 
the capsule. Th ere were no complications during any of the 
procedures. 

Findings from colon capsules compared with 
conventional colonoscopy

Only the 19 patients whose colon examinations were 
complete were included in the study. Capsule fi ndings 
were abnormal in 68% of cases while colonoscopic fi n-
dings were abnormal for 40% of the cases. Th e two studies 
showed similar lesions in 15 cases (78.94%).  Th e capsule 
found lesions not seen in the previous colonoscopies in 
seven cases (29.2%) including three cases of angiodyspla-
sia,  two in the right colon and one in the left  colon, two 
cases of small diverticula in the right colon, one case of 
a small polyp in the right colon, and one case of round 
worm (Trichuris trichiura) with erosion in the cecum 
(See Figure 3).

Validity of diagnoses with Colon Capsule vs. 
conventional colonoscopy

For the analysis of the validity of the capsule diagnoses, we 
included only 19 cases (76%) with full scans of the colon 
to the anus. Th e sensitivity of the capsule for detection of 
lesions was 96% (95% CI: 54.1to 100) with a specifi city 
of 46.2% (95% CI: 19.2 to 74.9). Th e area under the ROC 
curve was 0.731 (95% CI: 0.59 to 0.87). Th e positive pre-
dictive value (PPV) was 46.2% and the negative predictive 
value (NPV) of 96% (See Table 3).
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Figure 2. Views of colon segments from PillCam COLON.

addition, it avoids exposing patients to the risk of repeated 
colonoscopy. (15)

Medical preparation  

Although patients who ingested the capsule went on a diet 
very similar to the one used to prepare for standard colo-
noscopies, (8) preparing for the capsule study is more 
rigorous because its sensitivity and specifi city depends 
on proper preparation. (16) Patients must ingest 4 liters 
of polyethylene glycol (PEG) in fragmented doses and 
20 mgs of a prokinetic such as domperidone. Four hours 
aft er the study begins, they must also ingest substances 
like oral sodium phosphate to impel the capsule. (12)  
Th e colon preparations that have had the best results 
are two diff erent schemes which use PEG. One is the “3 
+1” scheme in which 3 liters of PEG are ingested the day 
before the procedure and 1 additional liter is ingested the 
day of the study. Th e other is the “2 +2” scheme in which 
2 liters of PEG are ingested the day before the procedure 
and 2 additional liters are ingested the day of the study. 

Tabla 3. Validity Assessment of video capsule for diagnosis

Parameter evaluated Result 95% confi dence interval 
Sensitivity 96% 54.1% to 100%
Specifi city 46.2% 19.2% to 74.9%
Area under the ROC curve 0.731 0.59 to  0.872
Positive predictive value 46.2% 19.2% to 74.9%
Negative predictive value 96% 54.1% to 100%

DISCUSSION

Conventional colonoscopy is a painful and invasive proce-
dure which requires sedation. Patients tolerate the proce-
dure poorly and oft en do not accept it. (12, 13) A complete 
scan from the colon to the cecum is not always achieved 
and is considered diffi  cult in up to 20% of cases. (12) Th ese 
limitations have prompted the search for less invasive 
techniques such as virtual colonoscopy and capsule colo-
noscopy. (13, 14) Th e capsule allows exploration of the 
colon in an easy and painless way even in diffi  cult cases. In 
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protocol similar to that of Ladas, have found preparation 
adequate only in 42.5% of cases. (17)

Expulsion of the capsule

Using a protocol similar to ours, Spada and Eliakim repor-
ted expulsion of capsules in 69% to 84% of cases within 
6 to 8 hours, (2, 17) and in 92.8% of cases at 10 hours. 
(5) In our study the rate of capsule expulsion was 87.5% 
before 8 hours. In Spada’s multicenter clinical trial, they 
reported average colonic transit time of 2.17 ± 1.43 hours 

(17, 18) We used the fi rst scheme with good results (See 
Table 1).

A multicenter prospective study conducted by R Eliakim 
and colleagues which compared second-generation capsu-
les with colonoscopy found that the medical preparation 
was considered excellent or good in 72% to 88% of cases. 
In our study, the preparation was excellent or good in 88% 
of cases. A very similar result was reported by Ladas and 
colleagues who considered the preparation excellent or 
good in 65% to 85% of cases. (10) Other studies, such as 
the one conducted by Spada and colleagues which had a 

Angiodysplasia

Polyps Diverticulum 

Roundworm in cecum Erosion in cecum 

Figure 3. Lesions shown by PillCam COLON but not in colonoscopy
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not performed at regular intervals, the results obtained 
allow us to suggest that study of the colon with PillCam ® 
colon is a safe and eff ective technique for detection of colo-
nic lesions in patients who are at high risk of colon cancer. 
Th is is especially true for those who refuse colonoscopy or 
for whom it is incomplete. It is essential to develop studies 
with larger numbers of patients to determine the diagnostic 
yield and cost-eff ectiveness of the PillCam ® colon capsule 
in our population.
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