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Video capsule colonoscopy in routine clinical practice
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Background: Colon capsule endoscopy (CCE) offers direct mucosal visualisation without sedation or
gas insufflation required in conventional colonoscopy (CC). However, evidence for the role of CCE as an
adjunct or alternative to CC remains equivocal. In this observational cohort study, we report our experience
of using CCE to investigate patients with suspected colon pathology at a tertiary referral centre.

Methods: From 2007-2015, consecutive patients requiring colonoscopy were recruited from a tertiary
care centre in Malmo, Sweden. Data collected: patient demographics, indication for CCE, findings, bowel
cleansing, colon transit time (CTT) and completeness of colon examination.

Results: Seventy-seven patients (57 F/20 F, median age 56 years) were included. The reason for CCE
was previously incomplete or refused CC in 39 and 26 cases, and follow up of previous findings in 12 cases,
respectively. The main clinical indications were gastrointestinal (GI) bleeding (n=28; 36%) and suspected
inflammatory bowel disease (IBD) or follow-up of known IBD (n=23; 30%). CCE was complete in 58/77
(75%) patients. In 3 patients the colon was not reached; in the other 16, the capsule reached the rectum
(n=4), sigmoid (n=6), descending colon (n=5) and transverse colon (n=1). Findings were: normal CCE (n=15;
19%) colonic diverticula (n=29; 38%), polyps (n=17; 22%), active IBD (n=12; 16%), haemorrhoids (n=8;
10%), colonic angioectasia (n=4; 5%) and cancer (n=1; 1%). Small-bowel findings were recorded in 8 (10%)
patients. All patients tolerated bowel preparation and CCE well. Two patients with an ulcerated small-bowel
stricture and cancer respectively experienced temporary capsule retention with spontaneous resolution.
Conclusions: CCE is a well-tolerated alternative to CC, but requires technological improvement and
optimisation of clinical practice to meet current reference standards. Although further technical development

is required, CCE may complement or even replace CC for certain clinical indications.
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Introduction and inflammatory bowel disease (IBD) diagnosis and

Lo . . . oo surveillance amongst other clinical applications. However.
Since introduced into routine clinical practice in the late 8 PP ’

1960s, conventional or optical colonoscopy has become the conventional colonoscopy (CC) remains an invasive, labour-
gold standard for the investigation of colon diseases. It has and resource-intensive procedure which is associated with

proven invaluable for colorectal cancer (CRC) screening certain risks and adverse events, including perforation,
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haemorrhage and the risks associated with sedation or
even anaesthesia if required (1,2). Furthermore, it is an
uncomfortable, undignified experience for many patients
with several points of contention, from the procedure itself
to the laxative bowel preparation required beforehand (1).
This has been shown to discourage and limit patient uptake
of colonoscopic investigation and treatment. In an audit of
the British national bowel cancer screening programme,
up to 10% of patients experienced significant discomfort
during colonoscopy, with about 35% of patients reporting
some discomfort from the procedure (3,4). A systematic
review by Doyle et al. has shown that patient experience is
positively associated with clinical effectiveness and patient
safety (5). The current uptake of CRC screening remains
lower than ideal (6) and patient comfort and acceptance
should therefore not be overlooked.

Although computed tomography (CT) colonography
has been used as an alternative in patients unable or
unwilling to undergo CC, it is less accurate (7-9) and does
not offer direct visualisation of the bowel mucosa. Capsule
endoscopy (CE) has been adopted as the prime modality
for non-invasive small bowel imaging (10). Likewise, colon
CE (CCE) has recently been developed to fulfil a similar
role, offering the advantages of direct mucosal visualisation
without the need for sedation or gas insufflation (11). The
European Society of Gastrointestinal Endoscopy (ESGE)
has determined that CCE is generally feasible, safe and
accurate for use in patients with incomplete colonoscopy,
and although it acknowledges the current lack of sufficient
evidence, it allows that CCE may have a role in IBD
surveillance (12). The current evidence for the role of
CCE as an adjunct or alternative to CC remains equivocal
(2,13-15). Therefore, in this observational cohort study,
we report our clinical experience of using CCE to
investigate patients with suspected colon pathology at a
tertiary referral centre in Sweden.

Methods

From November 2007 to November 2015, consecutive
patients with incomplete CC or who had refused further
investigation with colonoscopy were recruited from a
tertiary care centre in Malmo, Sweden. Full informed
consent was obtained from these patients who underwent
CCE using the PillCam® COLON 1 (CCE-1; Given®
Imaging Ltd., Yokneam, Israel) and 2 (CCE-2; Covidien,
Minneapolis, USA). As per local protocol patients
undertook a low residue diet for 3 days prior to CCE with
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a clear liquid diet on the day before. The evening before
the examination, patients ingested 3 L of polyethylene
glycol (PEG) solution, followed by an additional 1 L on
the morning of the procedure. The patient then swallowed
the capsule. When the capsule was seen in the small bowel
using the real-time viewer, the patients were given a booster
dose of 30 mL of sodium phosphate (NaP) solution with 1 LL
of water. Further progression of the capsule was followed
throughout the examination using the Rapid Access
real-time viewing system. If the capsule was not excreted
within 3 h of the first booster dose of NaP, a second booster
dose of 15 mL NaP in 0.5 L water was provided. After
another 2 h, if the capsule was still not expelled, a further
10 mg bisacodyl suppository was administered. The bowel
preparation schedule is detailed in Table 1.

Data collected were: patient demographics (age, gender),
indication for CCE, CCE findings, bowel cleansing, colon
transit ime (CTT) and completeness of colon examination.
A complete CCE examination was defined as natural
excretion of the capsule, as per Spada et /. (11). Results
are reported as median (range) for continuous data and
percentages for discrete data.

Results

Over the study duration, a total of 77 consecutive patients
(57 females, 20 males) with suspected colon pathology were
included. The median age of the group was 56 years (range,
15-89 years). Thirty-nine patients had had a previously
incomplete CC and 29 patients had declined CC. The main
clinical indications were gastrointestinal (GI) bleeding
(n=28; 36%) and suspected IBD or follow-up in patients
with known IBD (n=23; 30%); other indications included
abdominal pain/diverticular disease (n=18; 23%), CRC
screening (n=3), follow up of abnormal radiology (n=3) and
follow up after polypectomy (n=2). Patient characteristics in
our group are summarised in Table 2.

Colon examination was complete in 58/77 (75%) patients
with a median CTT of 257 min (range, 3-895 min). CCE
was conducted using CCE-1 in 42 patients and CCE-2
in 35. Completion rates were similar: 32/42 (76%) using
CCE-1 and 26/35 (74%) using CCE-2. The capsule did
not reach the colon in 3 patients due to stomach retention,
retention at a small-bowel stricture and slow small bowel
transplantation (SBT). In the remaining 16 incomplete
examinations, the capsule reached the rectum (n=4),
sigmoid (n=6), descending colon (n=5) and transverse colon
(n=1). Good or excellent bowel preparation was achieved in
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Table 1 Bowel preparation regime used for patients undergoing CCE at our centre

Day Time Action
Days 2 to 4 All day Low residue/fiber diet
Day 1 All day Clear liquid diet
Evening 3 LPEG
Day of CCE Morning 1LPEG
9:00 AM Capsule ingestion

>1 h post ingestion
SB detection by real time viewer
3 h after booster dose 1

2 h after booster dose 2

40 mg domperidone tablet if capsule delayed in stomach
Booster dose 1: 45 or 30 mL NaP and 1 L water
Booster dose 2: 30 or 15 mL NaP and 0.5 L water

10 mg bisacodyl suppository if capsule still in colon

CCE, colon capsule endoscopy; PEG, polyethylene glycol; NaP, sodium phosphate; SB, small bowel.

Table 2 Patient characteristics in our study group

Characteristic Total number of

patients: 77

Median age in years [range] 56 [15-89]
Gender, n [%]

Male 20 [26]

Female 57 [74]
Previous incomplete colonoscopy, n [%] 39 [51]
Indications for colonoscopy, n [%]

Gl bleeding 28 [36]

Evaluation of IBD 23 [30]

Abdominal pain/diverticulitis 18 [23]

CRC screening 3[4]

Follow-up of X-ray findings 3 4]

Follow-up after polypectomy 2 [3]

CRC, colorectal cancer; Gl, gastrointestinal; IBD, inflammatory
bowel disease.

58 (75%) patients. Patient outcomes are detailed in Tuble 3.
The most frequent findings were colonic diverticula
(n=29; 38%), polyps (n=17; 22%; size 3-20 mm), active
IBD (n=12; 16%), haemorrhoids (n=8; 10%), colonic
angioectasia (n=4; 5%) and advanced cancer (n=1; 1%),
Figure 1. Fifteen (19%) patients had no colon pathology on
CCE. Furthermore, small-bowel findings were recorded in
8 (10%) patients, including stricture, angioectasia, tumours
and lesions consistent with Crohn’s disease (Figure 2). The
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findings in our group are summarised in 7able 4. All patients
in our cohort tolerated the bowel preparation and the CCE
procedure well. Two patients with significant pathology
(ulcerated small-bowel stricture and CRC) experienced
temporary capsule retention during the examination with
spontaneous resolution. In both patients, the CCE was
excreted within 7 days following the examination, as verified
by plain abdominal X-ray.

Discussion

CCE is currently provided by a single model of capsule,
the PillCam® Colon. The first-generation CCE-1 was
introduced in 2006; a main difference between the CCE
and conventional small-bowel CE was the inclusion of
2 cameras enabling image capture from both ends of the
capsule. The CCE-2 introduced a wider field of view of
172° for each camera, therefore achieving nearly 360°
views. The CCE-2 also has adaptive frame rate to conserve
battery life, taking images from 4 images per second
when the capsule is immobile to 35 images per second
when movement is detected (16). Currently, the ESGE
recommends the use of CCE in average-risk patients where
CC is contraindicated, technically impossible or strongly
opposed by the patient (12). In our cohort of patients,
CCE presented a viable alternative to CC; however this
observational study highlights some of the limitations still
inherent to the procedure.

Despite the widespread use of CC, 4-20% of such
examinations are incomplete, usually due to anatomical
reasons (14); furthermore the discomfort involved with
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Table 3 Patient outcomes

Examination details

n [%] or median

[range]

Capsule model

PillCam® COLON 1 42 [55]

PillCam® COLON 2 35 [45]
Bowel cleansing scores

Excellent 17 [23]

Good 41 [55]

Fair 13[18]

Poor 3 [4]
Median colon transit time, minutes [range] 257 [3-895]
Completion of colon examination

Complete 28 [75]

Incomplete 19 [25]

PillCam®COLON

PillCam®COLON

PillCam®COLON
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such procedures could deter patients from repeat attempts
where necessary. The alternative mode of investigation, CT
colonography, has lower accuracy for flat lesions (14,17-19)
which have been associated with increased malignant
potential, whereas CCE offers direct mucosal visualisation
without radiation. However, in studies using CCE-1, the
sensitivity and specificity for polyps >6 mm were 64% and
84% respectively. Using CCE-2, sensitivity and specificity
improved to 83% and 89%, with polyps as small as 6 mm
detected (2).

In a meta-analysis by Spada ez 4., the overall completion
rate of examinations carried out using CCE-1 was 86.7%,
improving to 90.5% using CCE-2 (20). This falls short of
standard cecal intubation rates for CC. In fact, in earlier
studies using CCE, the completion rate was as low as
70% (20). Interestingly, our cohort had a low completion
rate of only 75%. There was no significant difference in
completion rates using CCE-1 and CCE-2; however it must

®COLON PillCam®COLON

Figure 1 Capsule endoscopic images of colon. (A) Angioectasia; (B) diverticula; (C) ulcerative colitis; (D) hemorrhoids; (E) 3-mm-large

diminutive polyp (hyperplastic); (F) 10-mm-large pedunculated polyp (tubular adenoma); (G) 22-mm-large sessile polyp (tubular adenoma);

(H) stricturing malignant tumour (adenocarcinoma).
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Figure 2 Capsule endoscopic images of small bowel. (A) Normal; (B) angioectasia; (C) 15-mm-large submucosal tumor (lipoma); (D) tattoo;

(E) Crohn’s erosions; (F) Crohn’s ulcers; (G) Crohn’s stenosis; (H) ischemic ulcerated stenosis.

Table 4 Colorectal and small bowel findings detected by colon
capsule in our study group

Findings, n [%)]

Total no. of patients: 77

Colorectal Small bowel

Normal 15 [19] 69 [90]
Diverticula 29 [38] -
Polyps 17 [22] -

IBD 12 [16] 34
Haemorrhoids 8[10] -
Angioectasia 415 31[4]
Tumour 101] 1[1]
Ulcerated ischemic stenosis - 101]

IBD, inflammatory bowel disease.

be noted that all CCE-2 examinations in our group were
performed using a lower dose of NaP (30+15 mL compared
to the 45+30 mL used in the CCE-1 examinations). This
change was made by our centre to reduce the risk of adverse
events associated with NaP (12). Although examination
was incomplete in 25% of the patients in our cohort, a
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key difference between CCE and CC is that the capsule
travels from proximally to distally; in 15/16 patients with
incomplete CCE, the proximal colon was examined. Studies
have shown that in patients with incomplete colonoscopy,
the incidence of proximal CRC is increased up to 2-fold 21);
furthermore there is an increased risk of missing a
concurrent proximal CRC (22-24).

Nevertheless, inadequate bowel preparation and
visualisation remains the biggest cause of incomplete
CCE (14). Although meta-analyses have shown that
laxative bowel preparation is crucial, they also quote low
median rates of adequate cleansing: 78% in CCE-1 and
81% in CCE-2 (20). This is similar to the rate of adequate
visualisation obtained in our cohort. At present, the ESGE
suggests the use of a total of 4 L PEG, given in split doses
the day before and on the day of CCE examination, as well
as post-capsule ingestion NaP boosters in patients with no
contraindications (12). However, the evidence to support
this practice is lacking (12). Furthermore, the intensity of
the bowel preparation is a strong deterrent for the wider
adoption of CCE, negating the non-invasiveness of the
capsule itself (15,25).

In our cohort, there were only two cases of transient
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retention of the CCE. One case occurred in a patient with a
small-bowel stricture, highlighting perhaps the importance
of screening patients for risk of retention as one would for
small-bowel CE. This will become a more pertinent issue
with the wider uptake of CCE in future. There is currently
limited data on the use of CCE in IBD as the majority of
studies have dealt with the use of CCE in CRC screening.
Opverall, the sensitivity and specificity of CCE for ulcerative
colitis was 89% and 75% compared to CC (14). However, it
may have a role in monitoring in relatively stable patients,
due to the potential of avoiding colonoscopies at certain
intervals.

Limitations include the retrospective nature of this
observational study, which was conducted at only a single
centre. However, ours is a tertiary care centre serving a
wide population in the southern part of Sweden which has
about 1.3 million inhabitants, therefore providing a realistic
view on the use of CCE in day-to-day clinical practice.
The low numbers of patients referred for CCE roughly
reflect the limited dissemination of this method amongst
practising physicians in the area. Our study shows that
CCE is a relatively well-tolerated alternative to CC, but
requires technological improvement and optimisation of
clinical practice to bring it in line with the current reference
standard. A cost-benefit analysis has estimated that use of
CCE for population screening would be beneficial if uptake
of screening could be increased (26). Although further
technical development may be needed to examine the whole
colon in large numbers of patients, CCE may complement
or even replace CC for certain clinical indications.
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