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Abstract

Background: Colonic capsule endoscopy (CCE) derived from the
video capsule endoscopy, initially proposed to explore the small bow-
el, has demonstrated high sensitivity and specificity for colonic polyp
detection. The primary outcome of the study was to assess the safety,
feasibility, and reliability of CCE after colorectal surgery. Secondary
outcomes were to identify the detection rate of colonic lesions and
recognition of the surgical anastomosis as compared to colonoscopy.

Methods: This is a prospective single-center study conducted over a
2-year period. Thirty-seven patients with a history of colorectal sur-
gery were prospectively included in this study. Each patient received
both CCE and colonoscopy, performed by different operators blinded
to each other’s results.

Results: Thirty-two patients (86.5%) completed the study and were
included in the final analysis. All capsules were naturally expelled.
In three patients (9.4%), the anal verge was not identified during the
CCE recording and the examination of the colon was considered in-
complete. Surgical anastomosis was accurately identified by CCE
in 78.2% of the patients versus 93.8% for colonoscopy (P = 0.65).
Thirty-eight lesions were detected in 14 patients. The sensitivity of
CCE to detect colonic polyps was 95.2% (95% confidence interval
(CI): 77.3-99.2%)), the specificity 82.4% (95% CI: 59.0-93.8%). Posi-
tive predictive value (PPV) and negative predictive value (NPV) of
CCE to detect colonic polyps were 87.0% and 93.3%, respectively.
No complications related to the passage of the capsule through the
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intestinal anastomosis were detected.

Conclusions: CCE proved to be safe and feasible, reporting a similar
detection rate of colonic lesion compared to colonoscopy.

Keywords: Colonic capsule endoscopy; Video; Colonoscopy; Fol-
low-up after colorectal surgery; Colorectal cancer screening; Colonic
anastomosis

Introduction

The ideal screening method for colorectal lesions should be
non-invasive, safe, operator-independent, well-accepted by
patients, cost-effective, and highly accurate. Until now, colon-
oscopy remains the most effective way to detect colorectal pol-
yps and to remove them [1].

In 2001, a video capsule endoscopy (VCE) (Given Imag-
ing Ltd./Medtronic, Yogneam, Israel) was proposed to investi-
gate the small bowel in patients with obscure gastrointestinal
bleeding [1, 2]. VCE is currently indicated in the diagnostic
workup of patients with obscure gastrointestinal bleeding and
other intestinal conditions [3].

Colonic capsule endoscopy (CCE) is technically derived
from VCE [4] and currently still under investigation for colo-
rectal cancer screening. According to the European Society of
Gastrointestinal Endoscopy (ESGE) guidelines, CCE could
be used as an alternative to colonoscopy for colorectal cancer
screening in average-risk patients [5]. This procedure has also
been proposed as a further examination when conventional
colonoscopy cannot be performed or if colonoscopy is con-
traindicated or refused by patients.

As technology is advancing, a second generation of CCE
(CCE-2) has been released, equipped with two cameras with a
wider viewing angle of 172° and an adaptive frame rate rang-
ing from four to 35 images/s, depending on the speed of pro-
gression of the capsule into the colon [6]. Several studies have
compared the diagnostic yield of CCE-2 and colonoscopy and
concluded to a largely similar level of lesion detection [7-9].

Colonoscopy is often indicated in patients with history of
colorectal surgery because of colorectal cancer screening, re-
current symptoms of abdominal pain or bowel disturbances, or
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Table 1. Bowel Preparation for CCE-2 and Colonoscopy

Time schedule Intake

Day - 4 to 0 (each day)
Day - 2 (evening (8 pm))

Low residue diet

Four tablets of 20 mg senna (Pursennide®)

Day -1
All day Clear liquid diet
Evening (7 - 9 pm) 2 LPEG
Day 0 CCE-2 day
6 -7:30 am 2 LPEG
8:30 - 10 am Capsule ingestion

After small bowel detection
3 h after the first boost

2 h after the second boost

1 LPEG
2 LPEG

8-9pm
Day 1 colonoscopy (5 - 6:30 am)

The first boost (Phospho soda 45 mL (Fleet®) + 1 L water)
The second boost (Phospho soda 35 mL (Fleet®) + 1 L water)
Suppository of bisacodyl 10 mg (Dulcolax®)

CCE-2: a second generation of colonic capsule endoscopy; PEG: percutaneous endoscopic gastrostomy.

for surveillance after resection of colorectal cancer [10]. To
our knowledge, no study has evaluated CCE-2 in the follow-
up of patients who underwent colorectal surgery. The primary
aim of the present study was to evaluate the reliability and
the safety of CCE-2 in these patients, the ability of the cap-
sule to pass through the colonic anastomosis and to recognize
and describe this anastomosis. The secondary aim of the study
was to assess the diagnostic yield of CCE-2 for the detection
of new colonic lesions. In addition, we evaluated the ability
of CCE-2 to localize colorectal lesions and compared it with
colonoscopy.

Materials and Methods

This is a prospective single-center study conducted over a
2-year period at the Digestive Surgery and Gastroenterology
units of the Nouvel Hospital Civil (NHC) of Strasbourg. The
study was approved by the National Ethics Committee (clini-
caltrials.gov identifier: NCT01879943) and conducted in com-
pliance with the ethical standards of the responsible institution
on human subjects as well as the Helsinki Declaration.

Selection of patients

The inclusion criteria were as follows: patients aged 18 - 85
years, with a follow-up of at least 3 months after colorectal re-
section with an ileocolonic, colocolonic or colorectal anastomo-
sis, irrespective of the reason for the colonic surgery. Patients
had an indication of follow-up colonoscopy, i.e., surveillance
after cancer resection, recurrent abdominal pain or bowel dis-
turbances after colonic surgery. They had no contraindication to
anaesthesia and/or colonoscopy and could understand the study-
related information for providing a written informed consent.
Exclusion criteria included the absence of a written in-
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formed consent, patients with a history of total colectomy,
presence of terminal stoma, clinical suspicion of intestinal and/
or anastomotic stenosis (e.g., Crohn’s disease), patients with a
known diagnosis of Zenker’s diverticulum or swallowing dis-
orders, pregnant or breastfeeding women or women in fertile
age without proven contraception, and patients with any condi-
tion precluding the reception of an informed consent.

Since no effect size is present in the literature on the reli-
ability and safety of CCE-2 as compared to standard colonos-
copy after colorectal surgery, sample size calculation was not
performable.

Design of the study

The study was divided into three main phases, during which
clinical and instrumental objective evaluations were per-
formed. During the first visit to the ambulatory clinic, inclu-
sion and exclusion criteria were checked. History and current
symptoms were recorded, and the patient was examined before
receiving information about the study instructions and bowel
cleansing. The examinations were scheduled, and the signed
informed consent was collected.

The second phase consisted of a hospital stay during which
the investigations were carried out. Upon admission (day - 1),
the patients started the protocol for bowel cleansing (Table 1).
The next morning (day 0), the capsule was administered. On
the following day (day + 1), all patients underwent colonosco-
py under general anaesthesia with propofol (Diprivan®, Astra
Zeneca, Rueil-Malmaison, France) delivered by an anaesthe-
tist, and then were discharged that same day. In this phase, any
intra-procedural and early post-procedural complications were
registered. Moreover, satisfaction of the patient and tolerance
to CCE-2 and colonoscopy were recorded on a 10-point visual
analog scale (VAS) after the procedures.

The third phase consisted of a late clinical evaluation, 15
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days to 1 month after the procedure.

Bowel cleansing procedures

The bowel cleansing procedures were administered according
to the protocol validated by previous studies [7, 8] and detailed
in Table 1. The quality of bowel cleansing was evaluated in
4 grades, i.e., excellent, good (meaning adequate cleansing),
fair, or poor (the last two meaning inadequate cleansing), for
both the CCE-2 recording and the colonoscopy, according to
Boston Bowel Preparation Scale (BPPS) [11].

Colonic capsule endoscopy

The CCE-2 (PillCam™ Colon 2 capsule, Given Imaging Ltd./
Medtronic, Yoqneam, Israel) is made of two imagers each cap-
turing four to 35 frames/s depending on the speed of capsule
progression into the colon, a radio-frequency transmitter and
a battery with a life-time of 10 h, embedded in a 11.6 x 32.2
mm capsule [4].

After being fitted with eight sensor arrays on the abdomi-
nal wall, the patient was equipped with a data recorder for im-
age storage and swallowed the capsule with a little water. After
having ingested the capsule, the patient was invited to walk
around in order to promote transit of the capsule. The capsule
is pre-programmed in a delay mode that enables the recording
of images from the oesophagus and stomach for 3 min after it
has been swallowed. Then, the capsule automatically turns off
for 1 h and 45 min in order to save power and enable a longer
recording time during the transit of the capsule along the co-
lon. When the capsule is reactivated 1 h and 45 min later, it is
expected to be in the distal ileum.

During the whole procedure, the expulsion of the capsule
was carefully monitored, and the time of expulsion was re-
corded.

When the recording was completed, data were transferred
to a computer, where a dedicated software (Rapid software
version 8, Given Imaging Ltd./Medtronic, Yoqneam, Israel)
was used to obtain a video of the examination and read it. All
recordings were read by an experienced gastroenterologist and
reviewed by a digestive surgeon for appraisal of the surgical
anastomosis. A complete examination of the colon was defined
by the visualization of the anal verge during the recording.

Colonoscopy

To optimize bowel cleansing before the optical colonos-
copy performed on day + 1, patients were administered 2 X
1 L of percutaneous endoscopic gastrostomy (PEG), one in
the evening after the end of the CCE-2 recording and one in
the morning before the colonoscopy. Standard colonoscopies
were performed by two experienced gastroenterologists hav-
ing performed more than 500 procedures each and blinded to
the CCE-2 results. Each colonoscopy was recorded. Any polyp
detected was classified according to its location, size, and mor-
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phology. Polyps were removed during the colonoscopy and
biopsies were obtained whenever needed. All findings were
documented by pictures and video tapes.

Outcomes of the study

The primary outcome of the study was to evaluate the feasibil-
ity and safety of the use of CCE-2 in patients with previous
colorectal surgery. It was defined by the number of complete
examinations of the colonic mucosa by the CCE-2, down to the
anal verge, the number of procedures during which the surgical
anastomosis was recognized and the clinical symptoms occur-
ring during the recording.

Secondary outcomes were to assess the rate of detection
of colonic lesions by CCE-2 compared to optical colonoscopy.
Reading time of CCE-2 recordings and time needed for colon-
oscopy (time for procedure and operating room time) were re-
corded.

Patient discomfort and tolerance to both CCE-2 and colon-
oscopy were assessed by patients on VAS (0 - 10) on the day
of the procedure.

Statistical analysis

Statistical analysis of the data was performed with Microsoft
Excel 2010 (Microsoft, Seattle, WA, USA) implemented with
the statistical module Analyze-it (Analyse-It Software Ltd.,
Leeds, UK). Respective diagnostic yields of both methods
were evaluated with the Pearson’s Chi-squared test. The sensi-
tivity and specificity of CCE-2 to surgical anastomosis detec-
tion and colonic polyp detection and localisation were calcu-
lated in comparison to the optical colonoscopy which is taken
as the gold standard. Ninety-five percent confidence interval
(CI) was calculated for these parameters.

The positive predictive value (PPV) and the negative pre-
dictive value (NPV) of CCE-2 were calculated with respect to
the prevalence of the diseases, according to Bayes’ law. Agree-
ment between CCE-2 and optical colonoscopy for diagnosing
patients with at least one polyp of any size was tested with
the kappa test. Concordance for the number of polyps detected
by the two methods was assessed by the Spearman’s test. A P
value < 0.05 was regarded as significant.

Results

Study population

Thirty-seven patients (20 men and 17 women, mean age 63 +
10 years) with a history of previous colorectal surgery were
enrolled in the study. The mean time between surgery and the
beginning of the study was 40.6 + 35.5 months. Five patients
were excluded from the final analysis as follows: colonoscopy
was not carried out on two patients due to anaesthesia-related
contraindications, two patients did not have a surgical anas-
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Table 2. Patient Characteristics at Inclusion

Patient characteristics

Number (intent to treat, n = 37)

Number (per protocol, n = 32)

Gender
Male
Female
Age (years, mean + SD)
Previous colorectal surgery
Reason for exclusion
Absence of anastomosis
Contraindication to anaesthesia
Contraindication to colonoscopy
Extremely fast progression of the capsule through the colon
Reason for previous colorectal surgery
Colorectal cancer
Diverticula
Constipation
Colonic polyp
Type of anastomosis
Ileocolonic
Colocolonic
Colorectal

Wedge resection

20 17
17 15

63+ 10 62+ 10

37 (100%) 32 (100%)
1

2

1

1

18 (48.6%) 16 (50.0%)
15 (40.5%) 14 (43.8%)
2 (5.4%) 2 (6.2%)

2 (5.4%) -

8 (21.6%) 7(21.9%)
2 (5.4%) 1(3.1%)
26 (70.3%) 24 (75.0%)
1 (2.7%) -

SD: standard deviation.

tomosis and, lastly, one patient’s capsule rushed down to the
anus and was expelled immediately after passing through the
ileocecal valve thereby precluding any examination of the co-
lonic mucosa. Consequently, a total of 32 patients received
a complete evaluation with both CCE-2 and colonoscopy, as
scheduled in the protocol. Patients’ clinico-demographic char-
acteristics are reported in Table 2.

Quality of bowel cleansing

Overall, quality of bowel cleansing was considered to be ad-
equate in 19 patients (59.4%) on the CCE-2 recordings and in
25 patients (78.1%) at colonoscopy (Chi-square = 1.87; P =
0.17). There was a significant correlation between cleansing
ratings for both CCE-2 and colonoscopy (kappa = 0.29; P =
0.04).

CCE-2 results

Reading time of CCE-2 recordings was 36.2 + 16.2 min. All
patients ingested the capsule easily. The average time for the
capsule to reach the colon, defined by the passage of the cap-
sule through the ileocecal valve or the ileocolonic anastomosis,
was 200 + 143 min. A timeline of CCE-2 progression through
the colon is reported in Figure 1. In three patients (9.4%), the
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anal verge was not identified during the CCE-2 recording and
the examination of the colon was consequently considered to
be incomplete. Surgical anastomosis was accurately identified
in 78.2% of the patients. In seven patients, the surgical anas-
tomosis was not detected: six with colorectal and one with il-
eocolonic anastomosis.

Examples of anastomoses detected with the CCE-2 are re-
ported in Figure 2.

Colonoscopy results

The average occupation time was 37.1 + 16.2 min for colon-

First colonic image
200 = 143 min
after capsule ingestion

© © © ©

Hepatic flexure Splenic flexure Rectum
21 %25 min 5126 min 121 % 134 min
after the first colonic image

Figure 1. Colonic acquisitions timeline. Anatomical landmarks used to
assess the progression of the capsule along the colon are shown with
times of capsule passage. In some cases, landmarks were difficult to
recognize due to alterations of the colonic lumen by the surgical re-
section and anastomosis, which is why these data were not analysed
further.
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Figure 2. Examples of colonic anastomoses seen on CCE recordings. (a) lleocolonic anastomosis; (b) Colocolonic anastomosis;
(c) Colorectal anastomosis; (d) Colorectal anastomosis with visible surgical staples. CCE: colonic capsule endoscopy.

oscopy in the endoscopy suite. All colonoscopies reached the
cecum or the ileocolonic anastomosis. Surgical anastomo-
sis was detected during colonoscopy in 30 out of 32 patients
(93.8%). The two anastomoses undetected during colonoscopy
were both colorectal ones. There was no significant difference
in diagnostic accuracy of CCE-2 and colonoscopy to detect
surgical anastomosis (Chi-square = 0.71; P = 0.39).

Results of CCE-2 and colonoscopy detection accuracy are
reported in Table 3.

Endoscopic findings

Thirty-eight lesions were detected in 14 patients: 18 polyps

Table 3. Detection of the Surgical Anastomosis With CCE-2 and at Colonoscopy

. CCE-2 Colonoscopy
Type of anastomosis N % %
Accurately described Not detected Accurately described Not detected
Ileocolonic 8 7 1 8 -
Colocolonic 1 1 - 1 -
Colorectal 23 17 6 21 2

CCE-2: a second generation of colonic capsule endoscopy.
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Table 4. Colonic Lesions Detected by CCE-2 and Colonoscopy

CCE-2 findings Colonoscopy findings Total number of lesions
Polyps 15 17 18
Diverticulosis 16 16 18
Lipoma 2 2 2

CCE-2: a second generation of colonic capsule endoscopy.

in 12 patients, two lipomas in one patient and diverticula in
five patients. The respective diagnostic yield of CCE-2 and
colonoscopy is shown in Table 4. CCE-2 detected 15 polyps
and colonoscopy 17 polyps. Moreover, one polyp seen on the
CCE-2 recording was not found at colonoscopy. Considering
colonoscopy as the gold standard, the sensitivity of CCE-2 to
detect colonic polyps was 95.2% (95% CI: 77.3-99.2%). The
specificity of CCE-2 was 82.4% (95% CI: 59.0-93.8%). PPV
and NPV of CCE-2 to detect colonic polyps were 87.0% and
93.3%, respectively.

Safety and tolerance

Four patients (12.5%) experienced mild to moderate nausea
and/or abdominal pain during the bowel cleansing protocol,
all resolving spontaneously within 24 h. Transit of the capsule
into the gastrointestinal tract was uneventful in all patients.

Tolerance of CCE-2 and colonoscopy was equally good
for CCE-2 (VAS score 8.50 + 0.71) and colonoscopy (8.56 +
0.94). The comfort assessment showed a VAS score of 8.56
+ 0.67 for CCE-2 and 8.63 + 0.79 for colonoscopy, with no
statistically significant difference (P = 0.74).

Discussion

In the present study, we evaluated the feasibility, safety and
tolerance of CCE-2 for examining the colonic mucosa in pa-
tients with a history of colorectal surgery resulting in a colonic
anastomosis. In all patients, the capsule progressed smoothly
along the gastrointestinal tract, but final analysis of the results
was performed on a subset of 32 patients who completed all
procedures as defined by the experimental protocol. Hindrance
to the capsule during its progression along the gastrointestinal
tract is one of the main concerns with the use of video capsule
endoscopy for investigation of the small bowel [2, 12] or the
colon. Obstruction to the capsule progression has been report-
ed in up to 2% of the patients. It is more frequently observed
in patients with Crohn’s disease, usage of non-steroidal anti-
inflammatory drugs or with previous small bowel surgery. To
detect the risk of capsule obstruction in the small bowel, a self-
dissolving capsule, the Agile™ patency capsule (Given Imag-
ing Ltd./Medtronic, Yoqneam, Israel), has been proposed but
the predictive value of this system is not 100% [12, 13]. Also,
imaging examinations such as computed tomography (CT) and
magnetic resonance imaging (MRI) do not detect intestinal
stenoses effectively [14]. In the colon, the main cause of cap-
sule retention could be a luminal stenosis due to a tumour or
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a surgical anastomosis [15-17]. Until now, no case of capsule
retention in the colon has been reported in previous studies of
CCE [18, 19]. Moreover, the Agile™ patency capsule is not
indicated to detect colonic stenoses. Hence, a careful clinical
interview remains the best method to detect patients at risk of
capsule blockage.

The ability of CCE-2 to detect the colonic anastomosis
and identify its type was assessed in comparison to colonos-
copy. In our study, there was no statistically significant differ-
ence in the detection rate of surgical anastomoses by CCE-2
and optical colonoscopy (Table 3). However, CCE-2 detected
less frequently colorectal anastomoses than colonoscopy. This
may be due to a rapid progression of the capsule or a lower
level of bowel cleansing in the distal colon. Handsewn, large
anastomoses may also have been under-recognized by CCE-2
in the absence of colonic insufflation. By contrast, ileocolonic
anastomoses were as accurately recognized by CCE-2 as by
optical colonoscopy. Thorsen et al recently showed the superi-
ority of the motility wireless capsule endoscopy in the detec-
tion of both ileocolonic junction and ileocolonic anastomoses
after right hemicolectomy [20]. However, this motility capsule
is used to record intestinal contractions and locates the ileoco-
lonic junction or anastomosis based on the motility pattern, in
the absence of any video-recording and therefore cannot be
compared with our results.

Today, colonoscopy is considered to be the gold standard
for examination of the colonic mucosa, enabling both the di-
agnosis and the treatment of colonic lesions, mainly colonic
polyps [21]. CCE is used for detection and screening only, as
treatment of any lesions found is not possible. Several stud-
ies have compared the diagnostic yield of CCE and colonos-
copy in the context of colorectal cancer screening, the main
measure being the rate of adenoma detection [7-9]. Sensitivity
and specificity of CCE shown in these studies recently led the
European Society of Gastrointestinal Endoscopy (ESGE) to
propose CCE as a valuable alternative to colonoscopy in colo-
rectal cancer screening [5]. In the present study, we observed
sensitivity, specificity and PPV/NPV of CCE-2 for the detec-
tion of colonic polyps to be similar as those of colonoscopy,
supporting the use of CCE-2 for the examination of the colon
in patients with a history of colorectal surgery. According to the
US National Comprehensive Network Guidelines [22], endo-
scopic surveillance is indicated 1 year after surgery for patients
with a history of colorectal cancer or even earlier (3 months), if
preoperative colonoscopy was not properly performed, in case
of obstructive disease or after emergency surgery performed
without any preoperative endoscopic examination [10].

However, this surveillance may be limited in some patients
because of a rate of incomplete colonoscopy between 5% and
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24%, due to inadequate bowel cleansing, difficult sigmoid loop,
severe diverticular disease, or previous abdominal/pelvic sur-
gery [23, 24]. Koido et al have shown in their meta-analysis
including 11,812 patients [25] that a history of abdominal or
pelvic surgery may increase the risk of incomplete colonoscopy
by 55%. In our study we reported a 9.4% rate of incomplete
examination of the colon by CCE-2. This finding was due to the
lack of recognition of the anal verge, related to the fast passage
of CCE-2 through the rectum and the anus. This result should
be considered as a relative limitation of the video capsule since
the distal portion of the rectum and the anus may be easily
checked during physical examination. Other limitations are pa-
tient preparation which cannot be assessed before the study and
probably the time of capsule ingestion which may influence its
travel. Future evaluations should test this hypothesis.

We believe that CCE-2 could be a valuable complement of
colonoscopy to examine the colon in its entirety especially in
patients with a history of previous abdominal/pelvic surgery,
allowing the detection of lesions in the colonic segments not
explored by colonoscopy [18, 19].

Despite the small sample size of the study population, this
is to our knowledge the first study evaluating the use of CCE-
2 in patients with a history of colorectal surgery. CCE-2 has
demonstrated to be safe and feasible in this population, with
a diagnostic yield comparable to that of colonoscopy. These
data along with the possibility of offering a non-invasive en-
doscopic investigation, not requiring anaesthesia or deep seda-
tion and colonic insufflation, suggests CCE-2 could be used as
complementary method to colonoscopy, aiming at reducing the
number of potentially superfluous invasive endoscopic proce-
dures. One can imagine that controlled CCE may in the fu-
ture improve the quality of this type of exploration. However,
larger and comparative studies are still required to corroborate
these results in order to consider CCE-2 a valuable alternative
to colonoscopy.
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