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Introduction
!

Colorectal cancer (CRC) is common in the devel-
oped world and is second only to lung cancer as
the leading cause of death from cancer in Europe
[1]. Although the results of treatment have shown
a gradual improvement over the past 30 years, 5-
year survival is still only about 50% in Ireland and
the UK [2]. Randomized trials have shown that
screening for bowel cancer using guaiac-based fe-
cal occult blood tests (gFOBTs) can reduce mortal-
ity by 16% in people offered screening and 25% in
those accepting the test [3, 4]. As a result, and in
accordance with European recommendations,
many countries have introduced or are introdu-
cing bowel cancer screening programs [5].
There are several screening models available.
Along with the UK and other European Union
countries, Ireland has adopted a two-stage popu-
lation-based approach. In this model, individuals
who are identified as at risk, by either gFOBT or
fecal immunological test (FIT) occult blood tests,

are referred for invasive colonoscopy. However,
while these tests select out a population at risk
for colonic cancers and adenomas, the majority
of individuals who undergo colonoscopy do not
have neoplasia. Recent results from the UK in a
study of gFOBT-positive participants, showed a
neoplasia detection rate of 59.5% in men and
43.2% in women, and a CRC detection rate of
10.1% following further investigations [6]. FIT
has been shown to be more sensitive and to pro-
duce higher overall positive rates compared with
gFOBT [7]. A recent study from Spain on FIT and
our own pilot showed similar neoplasia detection
rates of 57% and 44%, respectively [8, 9]. These
studies have demonstrated the usefulness of oc-
cult blood tests in screening, but the relatively
high rate of false-positive tests is a concern. From
the available data, at least 40% of people undergo-
ing a screening colonoscopy following a positive
FOBTwill not have neoplasia detected, and there-
fore the procedure was unnecessary. In real
terms, for every 1 million participants in the UK
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Background and study aims: Stool tests are highly
useful in colorectal cancer (CRC) screening pro-
grams; however, they are not as specific as users
would like, and place amajor burden on resources
and subject a number of patients to the risks of in-
vasive optical colonoscopy unnecessarily. Colon
capsule endoscopy (CCE) has the potential to re-
duce the need for optical colonoscopy. To date,
the role of CCE in a fecal immunological test
(FIT)-based CRC screening program has not been
formally evaluated. The aims of this study were
to assess the sensitivity, specificity, and negative
and positive predictive values of CCE compared
with optical colonoscopy in an FIT-positive CRC
screening cohort.
Patients and methods: A prospective comparison
study of CCE compared with optical colonoscopy
was undertaken within the second round of a
FIT-based bowel screening pilot. Participants

with a positive FIT result were invited to undergo
both CCE and optical colonoscopy. CCE was per-
formed on Day 1 and optical colonoscopy was
performed the following morning.
Results: A total of 62 participants were recruited.
Optical colonoscopy detected at least one polyp in
36 participants (58%), significant lesions in 18
(29%), and cancer in 1 (2%). There was good cor-
relation between CCE and optical colonoscopy for
any lesion and for significant lesions (r=0.62 and
0.84, respectively). The negative predictive value
of CCE was high both for any polyp (90%) and for
significant lesions (96%).
Conclusions: CCE is a safe and effective means of
detecting cancer and polyps in a positive FIT
screening cohort. The results suggest that CCE
would be a useful “filter test” in this situation,
and would reduce the number of colonoscopies
performed by 71%.
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screening program, no neoplasia was found in over 6000 colo-
noscopies performed. This represents a major burden on screen-
ing resources and a substantial risk for screening participants,
due to the invasive nature of colonoscopy and the potential for
significant, albeit infrequent, adverse events.
A model that reduces the negative colonoscopy rate would repre-
sent a major advantage over current strategies. One way may be
to introduce a second “filter test” after FOBT; the test would have
similar neoplasia detection rates to colonoscopy but lower risks.
If effective, the filter test would select only those individuals with
neoplasia for invasive standard colonoscopy, and the number of
negative colonoscopies would therefore decline, reducing the
burden on endoscopy services, staff, and participants.
Capsule endoscopy has been available for a number of years. Co-
lon capsule endoscopy (CCE) with the PillCam (Given Imaging
Ltd., Yoqneam, Israel) is an innovative, noninvasive, and painless
ingestible capsule technique that allows exploration of the colon
without the need for sedation and gas insufflation. The examina-
tion is easy to perform, can be done on an outpatient basis, and
provides accurate views of the colon. Although initial reports
were promising, two large early multicenter trials using the
first-generation PillCam showed a low sensitivity for polyps [10,
11]. On this basis, the newer second-generation capsules were
developed, with improvements that included a wider viewing
angle and an adaptive frame rate to allow 36 frames per second
on entering the colon.
Using these second-generation capsules, Spada et al. found a sen-
sitivity of 84% for polyps larger than 6mm [12]. Subsequent com-
parative studies with colonoscopy have reported a high degree of
agreement, and suggest that capsule colonoscopy is useful in a
variety of clinical settings, including symptomatic screening par-
ticipants and after incomplete colonoscopy [13–16]. A recent Eu-
ropean multicenter study reported sensitivities and specificities
for larger polyps of 88% and 95%, respectively [17]. All studies re-
ported a low complication rate for CCE and high levels of partici-
pant acceptance. Recently, the clinical indications for CCE and the
reporting and work-up of detected findings have been standard-
ized and published as a European Society of Gastrointestinal
Endoscopy guideline [18].
To date, there have been no reports on the role of CCE in a FIT-
based population CRC screening program. We propose that CCE
could provide a screening filter test for people who have positive
FIT results, thereby reducing the number of negative standard co-
lonoscopies.
The aims of the current study were to prospectively assess the
sensitivity, specificity and negative and positive predictive values
of CCE compared with conventional optical colonoscopy in an
FIT-positive CRC screening cohort.

Patients and methods
!

A prospective comparison study of CCE compared with the gold
standard optical colonoscopy was undertaken. Ethical approval
was granted to conduct this study within the second round of a
local FIT screening pilot. In brief, 10 000 people aged 50–75 years
from the local catchment area in Dublin were part of a biennial
FIT-based CRC screening pilot. Participants were invited by letter
to return a 2-day, two-sample FIT kit (OC-Sensor; Eiken Chemical
Co., Ltd., Tokyo, Japan) as part of the pilot. Any single FIT result
with a value above 100 ngHb/mL was considered to be positive,

and participants with a positive test were counseled by a screen-
ing nurse and invited for colonoscopy as per standard practice.
During 1 year of screening, a number of study participants with a
positive FIT result were invited to undergo both CCE and optical
colonoscopy. Participants were selected at random and recruited
by phone. Written informed consent was obtained from all parti-
cipants. Participants were excluded if they had any of the follow-
ing: a known or suspected small- or large-bowel stricture or ob-
struction, dysphagia, recent (6 weeks) abdominal surgery, signif-
icant renal impairment, a contraindication to bowel preparation,
an allergy to any study medication, serious medical illness, or
were unable to give informed consent. Participants’ demograph-
ics were recorded.
CCEwas performed in accordancewith themanufacturer’s guide-
lines on Day 1 and optical colonoscopy was performed the fol-
lowing morning on Day 2, as per the unit protocol. No additional
bowel preparation was taken prior to optical colonoscopy.

Capsule colonoscopy procedure
A previously described CCE bowel preparation was prescribed in-
itially (●" Table1) [19]. For the booster agents, the Phospho Soda
booster (CB Fleet Co. Inc., Lynchburg, Virginia, USA) was replaced
with sodium picosulfate (Picolax; Ferring Pharmaceuticals Ltd.,
Dublin, Ireland) due to serious safety concerns and product avail-
ability. On the day of CCE (Day 1), participants consumed the sec-
ond half of the split-dose bowel preparation. Participants were
fitted with a digital recorder belt and asked to swallow the cap-
sule (PillCam COLON 2; Given Imaging). Participants were moni-
tored until the capsule passed the duodenum, as visualized on
the recorder. At this point, a 250-mL bowel preparation booster
was taken and participants were then allowed to leave the unit.
Participants were prompted 3 hours later to take the second
booster dose by an automated alarm on the recorder (●" Table1).
An hour after this, they were allowed to drink liquids. Partici-
pants returned to the unit the following morning to undergo
standard optical colonoscopy, and the recorder belt was removed
for analysis. The images were downloaded from the recorder and
read using the Rapid reader 6.8 (Given Imaging). All CCEs were
read by a consultant gastroenterologist with experience and
training in CCE techniques. For each study report, the following
items were recorded: bowel preparation quality, study comple-
tion (defined by visualization of the dentate line), and the loca-
tion, size, and number of any polyps and cancers. Significant neo-
plasia was defined as more than three polyps in one individual or
any polyp larger than 10mm. The quality of bowel preparation
was reported using a standard cleansing level evaluation form

Table 1 Bowel preparation schedule for colon capsule endoscopy using the
PillCam COLON 2 capsule.

Day –2 4 senna tablets
10 Glasses of water

Day –1 Liquid diet
16:00 hours: 2 L of PEG

Day 1, time

08:00 2 L PEG

08.45 Swallow capsule

Small bowel detected 1st booster

3 hours later 2nd booster

22:00 If capsule not passed, rectal bisacodyl
suppository

Day 2 Optical colonoscopy

PEG, polyethylene glycol.
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(not yet validated), which divides the colon into five sections (ce-
cum, right colon, transverse colon, left colon, and rectum), and
four cleansing grades (poor, fair, good, and excellent). However,
for the purposes of evaluating the clinical efficacy of CCE, as
with colonoscopy, the cleansing result was classified as either
adequate or inadequate.

Optical colonoscopy procedure
The optical colonoscopy was performed on Day 2 under con-
scious sedation as per standard practice, by experienced and
screening-approved colonoscopists who were blinded to the CCE
results. The preparation quality, completion rates (defined by vi-
sualization of the cecum, confirmed by a photograph and/or intu-
bation of the ileocecal valve), and location, size, and number of
polyps and cancers were recorded. Any polyps detected were re-
moved and sent for histological analysis. Significant neoplasia
was defined as for CCE examinations, with the addition of a great-
er than 10% villous component on histology.
Complication rates were recorded immediately following each
procedure and on follow-up 30 days after the procedure by tele-
phone interview.

Statistical analysis
All analyses were performed using SPSS version 20 (IBM Corp.,
Armonk, New York, USA). Results were expressed asmeans. Com-
pletion rates, adenoma and cancer detection rates, and complica-
tions were compared between groups using a Student’s t test or
chi-squared test, as appropriate, and a P value of <0.05 was con-
sidered to be significant. The sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV) for CCE
were calculated using optical colonoscopy results as the gold
standard. Cohen’s kappa was used to assess the correlation be-
tween CCE and optical colonoscopy findings.

Results
!

A total of 62 people with at least one positive FIT result agreed to
undergo both CCE and optical colonoscopy procedures. Themean
age was 62.5±5.8 years (range 41–73 years), and there were 34
men (55%). All recruited participants underwent CCE first on Day
1, followed by optical colonoscopy on Day 2, as per the protocol.
The Phospho Soda booster was used in the first 16 participants
(26%), and subsequent participants received picosulfate boosters.
A total of 96 polyps in 36 participants (58%) were detected on op-
tical colonoscopy. In all, 29 participants had an adenoma, and
cancer was diagnosed in one participant (2%). Other findings at
optical colonoscopy included colitis in two participants (3%) and
a solitary rectal ulcer in one participant (2%).

Capsule colonoscopy
All participants were able to swallow the colon capsule. The cap-
sule was excreted or reached the dentate line within the record-
ing time in 46 participants (73%). There was a significant differ-
ence in completion rates according to the type of booster em-
ployed in the procedure: 88% (14/16) in the Phospho Soda group
and 70% (32/46) in the picosulfate group (P<0.05). The mean
time to reach the cecumwas 2.56 hours (range 60–311minutes),
and for those in whom the capsule was excreted the mean time
to excretion was 7 hours. CCE detected polyps (any type) in
43 participants (69%), significant neoplasia in 18 participants
(29%), and cancer in one participant (2%) (●" Fig.1;●" Table2).

The quality of bowel preparation was reported to be adequate in
92% (n=57). Five participants had poor or inadequate bowel
preparation, two of whom (40%) had polyps detected, compared
with 34/57 (60%) of those who had adequate bowel preparation,
although this difference did not reach statistical significance.
There were no early or late adverse events from the colon cap-
sule.

Optical colonoscopy
The overall cecal intubation rate was 94% (n=58). Of the incom-
plete procedures, the bowel preparation was poor in two partici-
pants (3%) and required a repeat procedure. For analysis of polyp
detection rates, the repeat procedures were used for comparison
with CCE findings. On optical colonoscopy, 36 participants (58%)
had at least one polyp and one participant had a proximal rectal
cancer (●" Table2). The cancer and adenoma detection rates con-
firmed by histology in this groupwere 2% (n=1) and 45% (n=28),
respectively. The remaining participants had hyperplastic polyps
(n=8, 13%). Significant lesions were found in 18 participants
(29%). One participant (2%) was admitted 24 hours after the pro-
cedure with a postpolypectomy bleed, which required a blood
transfusion, repeat colonoscopy, and clipping of a visible vessel
at the polypectomy base.

Optical colonoscopy and CCE concordance
Cancer detection
Only one participant undergoing a screening colonoscopy was di-
agnosedwith cancer (2%). This cancer detection rate is in keeping
with the rate of 3% generally found at the second round of
screening in our pilot population (unpublished data). The cancer
was detected by both CCE and optical colonoscopy.

Table 2 Polyp and significant lesion detection on optical colonoscopy and
colon capsule endoscopy.

Any polyp Significant lesion

CCE, n 43 18

Optical colonoscopy, n 36 18

Cohen’s kappa
95%CI

0.62
0.42–0.81

0.84
0.695–0.991

Likelihood ratio 2.71 22.25

CCE, colon capsule endoscopy.

Fig.1 Polyps visua-
lized on colon capsule
endoscopy
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Polyp detection
The polyp detection rate for optical colonoscopywas 58% (n=36).
Overall, the sensitivity, specificity, PPV, and NPV of CCE for any
polyp compared with optical colonoscopy was 95%, 65%, 79%,
and 90%, respectively, with nine false-positive and two false-neg-
ative CCEs (●" Fig.2;●" Table2 and●" Table3).
A total of 18 participants had significant lesions on optical colo-
noscopy, and the sensitivity, specificity, PPV, and NPV of CCE for
significant lesions was 89%, 96%, 89%, 96%, respectively, with
two false-positive and two false-negative CCEs (●" Table4). Of
note, both false-negative CCEs were due to more than three
polyps being detected on optical colonoscopy. CCE did not miss
any lesions that were larger than 10mm or had high grade dys-
plasia on subsequent histology.
The overall correlation between CCE and optical colonoscopy for
any polyp and significant neoplasia was good and excellent with
Cohen’s kappa of 0.62 and 0.84, respectively.

Discussion
!

This study demonstrates that the second-generation PillCam
COLON capsule is safe and effective in screening for colonic
polyps and cancer in a FIT-positive cohort. In particular, if the
capsules were to be used as a filter test, as we propose, they
have shown excellent NPVs for any polyp and significant lesions,
at 90% and 96%, respectively, and could reduce the demand for
optical colonoscopy by up to one-third (●" Fig.3). In an average-
risk population, Pilz et al. found a similar NPV of 93% [20]. Al-
though the overall polyp detection rate with CCE is high at 69%,
significant lesions were present in only 29%, and this would ap-
pear to be a more suitable threshold for colonoscopy. Significant
lesions on CCE had a PPV and NPV of 89% and 96%, respectively,
and no cancers or lesions with high grade dysplasia were over-
looked. If such a filter test strategy were to be employed, from
the current cohort of 62 participants, 44 (71%) would have safely
avoided colonoscopy.
In recent years, a similar strategy has been advocated for compu-
ted tomography (CT) colonography. In the US Preventive Services
Task Force guidelines on screening, CT colonography specifically
does not report on polyps that are smaller than 5mm. This cutoff
size was developed due to the unacceptable level of false-positive
results for smaller polyps. Similarly, in the current study, CCE and
optical colonoscopy had good concordance for significant lesions
(r=0.84). Given the low likelihood of malignancy in smaller
polyps, the use of significant lesions as a trigger for optical colo-
noscopywould appear to be both safe and effective. Some readers
may feel that all participants with positive FIT results should un-
dergo full optical colonoscopy, given the high rate of cancer in
this group. However, in the current study, 53% of participants
had no neoplasia. This implies that a significant number of
screening participants are being exposed unnecessarily to the
risks of colonoscopy and sedation, in addition to occupying
endoscopy beds and taking up staff resources. Furthermore, a
large group of individuals in the screening age group would be
more suitable for CCE than optical colonoscopy, such as those
with significant co-morbidities and those on anticoagulants. Use
of a filter test could therefore significantly reduce the overall ad-
verse events for a screening program.
Using optical colonoscopy as a gold standard may overestimate
the false-negative rate for CCE, as it is well recognized that colo-
noscopy does not have 100% sensitivity for polyps and that the

sensitivity varies depending on a number of factors. It could be
argued that the nine polyps on CCE that were not confirmed by
optical colonoscopy are not in fact false-positive results but
polyps missed on colonoscopy (●" Fig.2). However, it was beyond
the scope of this study to repeat the optical colonoscopy, which
would be the best way to assess these false-positive results. In ad-
dition, as this was an early study of the use of CCE in screening, it

Fig.2 False-positive
polyp on colon capsule
endoscopy.

Fig.3 Expected out-
come based on colon
capsule endoscopy
(CCE) as a filter test in a
fecal immunological
test (FIT)-based screen-
ing program.

Table 3 Colon capsule endoscopy findings compared with optical colonos-
copy results for all polyps.

Colonoscopy positive Colonoscopy negative

CCE positive 34 9 PPV
79%

CCE negative 2 17 NPV
90%

Sensitivity 95% Specificity 65%

CCE, colon capsule endoscopy; NPV, negative predictive value; PPV, positive predictive
value.

Table 4 Colon capsule endoscopy findings compared with optical colonos-
copy results for significant lesions.

Colonoscopy positive Colonoscopy negative

CCE positive 16 2 PPV
89%

CCE negative 2 42 NPV
96%

Sensitivity 89% Specificity 96%

CCE, colon capsule endoscopy; NPV, negative predictive value; PPV, positive predictive
value.
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was important to evaluate the NPVof CCE. In order to avoid bias, a
blinded study design was adopted. In a study to assess the accu-
racy of CCE, an unblinded optical colonoscopy would be the pre-
ferred option, and future studies with this design would be wel-
come.
Participation rate is one of the most important key performance
indicators in any population-based screening program. Despite
colonoscopy being the most accurate screening test for CRC, it is
often perceived as painful and dangerous, and uptake is reported
to be very low, at below 5%. Having the option of a CCE may help
to increase participation rates. Groth et al. demonstrated that the
option of CCE resulted in a fourfold increase in screening uptake,
particularly in men [21].
In the current study, participants were randomly selected from
within a screening pilot from those with a positive FIT result
who were willing to undergo both tests. In future, however, if
CCE was adopted as a filter test, it may be possible to use the FIT
results to further pre-select participants with a lower likelihood
of polyps on optical colonoscopy, and therefore further reduce
the number of unnecessary colonoscopies. Younger participants
(50–59 years), and in particular women, are less likely to have
neoplasia and so could be selected to undergo CCE first as a filter
test rather than being referred straight away for full optical colo-
noscopy. Alternatively, a pre-specified FIT cutoff could be used, as
studies have indicated that the higher the FIT level the higher the
risk of neoplasia [22].
The overall incomplete study rate for CCE in the current group
was quite high (27%), and this needs to be addressed. This is like-
ly to be due to the use of sodium picosulfate as a booster in the
majority of studies. The completion rate with Phospho Soda
boosters was higher at 88%. There are ongoing advances in colon
capsule preparation, and several current studies are under way to
determine the optimal preparation [23–25]. It is likely that im-
provements in bowel preparation will further enhance the clini-
cal efficacy CCE. However, all incomplete examinations in the
current study reached at least the sigmoid colon at 10 hours.
Therefore, an incomplete capsule examination would probably
only require a sigmoidoscopy to complete the study. In the in-
complete cohort, the NPV remained high at 100%, and all partici-
pants with polyps on optical colonoscopy were detected.
The study does have some limitations: the relatively small num-
ber of participants and the acknowledged low completion rate of
CCE. However, to our knowledge, this is the first study to use CCE
in a FIT-positive population-based screening cohort, and the lar-
gest single-center screening CCE study to date. The screening
center has established experience with PillCam colonoscopy,
and adopts a standardized approach to CCE procedures and re-
porting; this reduces the likelihood of interobserver variability,
which is found in some multicenter studies.
Despite these limitations, the study has confirmed the clinical ef-
ficacy of CCE and supports its role within CRC screening. Addi-
tional larger studies are required to determine the potential role
of CCE as a filter test in this setting.

Conclusion
This study demonstrated that CCE is a safe and effective tool for
the detection of colorectal polyps and cancer in a FIT-positive
screening cohort. Based on the high NPV, particularly for signifi-
cant lesions, CCE could be a suitable filter test to use for selection
of screening participants for subsequent optical colonoscopy. CCE
has the potential to significantly reduce the number of unneces-

sary negative screening procedures, while enhancing the yield of
subsequent colonoscopies in the positive CCE cohort.

Competing interests: The PillCam COLON 2 capsules used in this
study were supplied free of charge by Given Imaging Ltd.

References
1 Ferlay J, Parkin DM, Stelliarova-Foucher E. Estimates of cancer inci-

dence and mortality in Europe in 2008. Eur J Cancer 2010; 46: 765–
781

2 Coleman MP, Forman D, Bryant H et al. Cancer survival in Australia, Ca-
nada, Denmark, Norway, Sweden, and the UK, 1995–2007 (the Inter-
national Cancer Benchmarking Partnership): an analysis of popula-
tion-based cancer registry data. Lancet 2011; 377: 127–138

3 Towler B, Irwig L, Glasziou P et al. A systematic review of the effects of
screening for colorectal cancer using the faecal occult blood test, he-
moccult. BMJ 1998; 317: 559–565

4 Hewitson P, Glasziou P, Watson E et al. Cochrane systematic review of
colorectal cancer screening using the fecal occult blood test (hemoc-
cult): an update. Am J Gastroenterol 2008; 103: 1541–1549

5 von Karsa L, Patnick J, Segnan N. European Colorectal Cancer Screening
Guidelines Working Group. et al. European guidelines for quality as-
surance in colorectal cancer screening and diagnosis: overview and in-
troduction to the full supplement publication. Endoscopy 2013; 45:
51–59

6 Logan R, Patnick J, Nickerson C et al. Outcomes of the Bowel Cancer
Screening Programme (BCSP) in England after the first 1 million tests.
Gut 2012; 61: 1439–1446

7 Oort FA, Terhaar Sive Droste JS, Van Der Hulst RW et al. Colonoscopy-
controlled intra-individual comparisons to screen relevant neoplasia:
faecal immunochemical test vs. guaiac-based faecal occult blood test.
Aliment Pharmacol Ther 2010; 31: 432–439

8 Zhu MM, Xu XT, Nie F et al. Comparison of immunochemical and
guaiac-based fecal occult blood test in screening and surveillance for
advanced colorectal neoplasms: a meta-analysis. J Dig Dis 2010; 11:
148–160

9 McNamara D, Qasim A, Lee N et al. Round one of the Adelaide and
Meath Hospital/Trinity College Colorectal Cancer Screening Pro-
gramme: programme report and analysis based on established inter-
national key performance indices. Ir J Med Sci 2011; 180: 549–552

10 Eliakim R, Fireman Z, Gralnek IM et al. Evaluation of the PillCam Colon
capsule in the detection of colonic pathology: results of the first multi-
center, prospective, comparative study. Endoscopy 2006; 38: 963–970

11 Van Gossum A,Munoz-Navas M, Fernandez-Urien I et al. Capsule endos-
copy versus colonoscopy for the detection of polyps and cancer. N Engl
J Med 2009; 361: 264–270

12 Spada C, De Vincentis F, Cesaro P et al. Accuracy and safety of second-
generation PillCam COLON capsule for colorectal polyp detection.
Therap Adv Gastroenterol 2012; 5: 173–178

13 Pioche M, de Leusse A, Filoche B et al. Prospective multicenter evaluati-
on of colon capsule examination indicated by colonoscopy failure or
anesthesia contraindication. Endoscopy 2012; 44: 911–916

14 Herrerías-Gutiérrez JM, Argüelles-Arias F, Caunedo-Álvarez A et al. Pill-
CamColon Capsule for the study of colonic pathology in clinical prac-
tice. Study of agreement with colonoscopy. Rev Esp Enferm Dig 2011;
103: 69–75

15 Gay G, Delvaux M, Frederic M et al. Could the colonic capsule PillCam
Colon be clinically useful for selecting patients who deserve a com-
plete colonoscopy? results of clinical comparison with colonoscopy in
the perspective of colorectal cancer screening Am J Gastroenterol
2010; 105: 1076–1086

16 Sieg A, Friedrich K, Sieg U. Is PillCam COLON capsule endoscopy ready
for colorectal cancer screening? A prospective feasibility study in a
community gastroenterology practice Am J Gastroenterol 2009; 104:
848–854

17 Spada C, Hassan C,Munoz-Navas M et al. Second-generation colon cap-
sule endoscopy compared with colonoscopy. Gastrointest Endosc
2011; 74: 581–589.e1

18 Spada C, Hassan C, Galmiche JP et al. Colon capsule endoscopy: Europe-
an Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy
2012; 44: 527–536

Holleran Grainne et al. Capsule vs. colonoscopy in FITased screening program… Endoscopy 2014; 46: 473–478

Original article 477

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



19 Spada C, Riccioni ME, Hassan C et al. PillCam colon capsule endoscopy:
a prospective, randomized trial comparing two regimens of prepara-
tion. J Clin Gastroenterol 2011; 45: 119–124

20 Pilz JB, Portman S, Peter S et al. Colon capsule endoscopy compared to
conventional colonoscopy under routine screening conditions. BMC
Gastroenterol 2010; 10: 66

21 Groth S, Krause H, Behrendt H et al. Capsule colonoscopy increases up-
take of colorectal cancer screening. BMC Gastroenterol 2012; 12: 80

22 Terhaar Sive Droste JS, Oort FA, van der Hulst RW et al. Higher fecal im-
munochemical test cutoff levels: lower positivity rates but still accept-

able detection rates for early-stage colorectal cancers. Cancer Epide-
miol Biomarkers Prev 2011; 20: 272–280

23 Hartmann D, Keuchel M, Philipper M et al. A pilot study evaluating a
new low-volume colon cleansing procedure for capsule colonoscopy.
Endoscopy 2012; 44: 482–486

24 Kakugawa Y, Saito Y, Saito S et al. New reduced volume preparation re-
gimen in colon capsule endoscopy. World J Gastroenterol 2012; 18:
2092–2098

25 Spada C, Hassan C, Ingrosso M et al. A new regimen of bowel prepara-
tion for PillCam colon capsule endoscopy: a pilot study. Dig Liver Dis
2011; 43: 300–304

Holleran Grainne et al. Capsule vs. colonoscopy in FITased screening program… Endoscopy 2014; 46: 473–478

Original article478

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


