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Recent Advance in Colon Capsule Endoscopy: What’s New?
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Colon capsule endoscopy (CCE) is a relatively new diagnostic procedure for patients with suspected colonic diseases. This convenient,
noninvasive method enables the physician to explore the entire colon without significant discomfort to the patient. However, while CCE
can be performed painlessly without bowel air insufflation, the need for vigorous bowel preparation and other technical limitations
exist. Due to such limitations, CCE has not replaced conventional colonoscopy. In this review, we discuss historical and recent
advances in CCE including technical issues, ideal bowel preparation, indications and contraindications and highlight further technical
advancements and clinical studies which are needed to develop CCE as a potential diagnostic tool. Clin Endosc 2018;51:334-343
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INTRODUCTION

Colonoscopy is the gold standard for diagnosing lower
gastrointestinal diseases. Colonoscopy facilitates simultaneous
visualization of the colon mucosa, biopsy, and resection of
polyps or early cancer. While the clinical value of colonoscopy
is well established, many patients regard colonoscopy as an
unpleasant experience. Further, severe complications such
as bowel perforation or bleeding, although rare, can develop
during colonoscopy.' In a Canadian study, about 52% of fe-
male patients reported anxiety, with 29% reporting high level
anxiety due to colonoscopy.” Anxiety and unpleasant mem-
ories from previous colonoscopy can influence the patient’s
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compliance with colonoscopy surveillance in the future.

Video capsule endoscopy (VCE) was first developed as
a tool for small bowel evaluation in 2000.” The endoscopic
images of the mid small bowel was relatively unseen until
the US Food and Drug Administration approved the use of
VCE in 2001. VCE is now widely used to evaluate the small
bowel mucosa under direct inspection. Increasing evidence
supporting the use of VCE for small bowel evaluation has
led to great interest in colon capsule endoscopy (CCE). The
first generation CCE (PillCam-Colon; Given Imaging Ltd.,
Yogneam, Israel) was open to the public in 2006.” Since then,
numerous studies have reported the clinical efficacy of CCE.
We will comprehensively review previous studies and discuss
the current status and future direction of CCE.

TECHNICAL FEATURES

Given Imaging Ltd. developed a new capsule to evaluate
the entire colon in 2006." The first generation CCE (CCE-1)
was similar in appearance to conventional VCE, although it
had two cameras, one at both ends. The view angle from both
cameras is 156°, and each camera can be used to obtain 2 im-
ages per second. The size of CCE-1 was 11x31 mm, which is
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slightly longer than small bowel VCE (Fig. 1). In order to save
battery before exploring the colon, CCE-1 was maintained in
a ‘sleep mode’ after recognizing the esophagus and stomach
for 1 h and 45 min. During this time, capsule passes most of
the small bowel and reaches the terminal ileum. After this
sleeping time, CCE-1 automatically reactivates and evaluates
the entire colon. Similar to small bowel VCE, a dedicated
external portable recorder (DR2C) receives and stores images
from CCE-1. After completion of the examination, DR2C is
linked to workstation and reconstruction of images is pro-
cessed by proprietary (‘RAPID”) software.

Second generation CCE (CCE-2) manufactured by Given
Imaging Ltd. was presented in 2009.° In addition to a slightly
larger size (11.6x31.5 mm) compared with CCE-1, CCE-2 car-
ries several additional features (Fig. 1). First, CCE-2 cameras
contain wider angles (up to 172°), enabling nearly 360° im-
aging of the colonic mucosa. Second, CCE-2 has an adaptive
image acquisition rate depending on the speed of capsule pro-
pulsion. CCE-2 captures 35 frames per second during active
movement of capsule, while 4 frames per second are captured
during the stationary period of capsule movement. Third,
CCE-2 has a different battery saving system. Until small bow-
el images are detected, CCE-2 captures only 14 images per
minute. Fourth, CCE-2 facilitates high resolution imaging
below 0.1 mm, with a magnification of about 1 to 8. The use
of additional software, such as the Flexible Spectral Imaging
Color Enhancement, further improves the detection rate of
colon lesions.

Lastly, the smart, new data recorder (DR3) contains an
alarm system, which assists patients and the medical team.
DR3 recognizes the position of the capsule and sends visual/
audio signals at the time of taking booster medications for
bowel preparation. Booster cleansing is very important be-
cause CCE transits the long small bowel and images the colon
during its battery time.” Since CCE lacks an air inflation and
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suction system, any residual stool may interrupt precise read-
ing of captured images of colon.

These technical advances have enabled CCE to navigate
through the entire colon and efficiently detect lesions. Al-
though several practical limitations and technical issues per-
sist, there is clear and ongoing improvement of CCE.

BOWEL PREPARATION

Considering the absence of air inflation and suction, clinical
success of CCE highly depends on the degree of bowel cleans-
ing. Accurate detection of polyps or inflammation can only
be achieved in a completely clean colon without any kind of
debris. The European Society of Gastrointestinal Endoscopy
(ESGE) and American Society of Gastrointestinal Endoscopy
guidelines recommend a split-dose regimen of at least 4 liters
of polyethylene glycol (PEG) in the evening before and during
the morning of the colon study. However, a 4-liter PEG reg-
imen cannot guarantee a perfectly clean bowel." Spada et al.
demonstrated the effectiveness of sodium-phosphate (NaP)
booster.” When compared to the PEG regimen, NaP booster
resulted in excellent bowel cleansing and adequate bowel dis-
tention with clear liquid and propulsion of the capsule. The
propulsion of the capsule within the battery time is an im-
portant factor for the success of CCE.”

Another European study utilized a regimen composed
of 4 liters of PEG + prokinetics (domperidone) + two-part
NaP booster (45 mL and 30 mL) + bisacodyl.”’ In this study,
in which the primary end-point was the polyp detection
rate of CCE compared with conventional colonoscopy, ade-
quate bowel cleansing was achieved in 72% of patients in the
CCE group, compared with 87% in the colonoscopy group
(p<0.001)."” Using the same regimen, Schoofs et al. reported a
77% adequate preparation.”" A meta-analysis of this regimen

Fig. 1. Colon capsule endoscopy (Given Imaging Ltd., Yogneam, Israel). (A) Upper panel represents the first generation colon capsule endoscopy (CCE-1) and the
lower portion is the second generation colon capsule endoscopy (CCE-2). CCE-2 is slightly bigger than CCE-1. (B) Acetaminophen 650 mg (Tyrenol SR®) and CCE-2.
(C) CCE-2 measures 11.6x31.5 mm, equal to 1 and 1/2 of the last joint of finger in an adult male.
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reported an excellent-to-good level of preparation in 77%
(median value).” Of note, all of these are below the current
standards for quality in colonoscopy of at least 90% adequate
(good or excellent) preparation, likely due to the inability was
wash and suction as is commonly done at colonoscopy.” As
mentioned above, capsule excretion within battery time is
another vital factor during CCE. With the use of this regimen,
Van Gossum et al. and Gay et al. reported a 90.5% to 92.8%
excretion rate within the battery time."*"* In terms of quality
control, a 90% excretion rate of CCE is comparable to 95%
rate of cecal intubation during colonoscopy. One of the most
extensively used preparation regimens for CCE is described in
Table 1.""

Due to major complications associated with NaP including
electrolyte disturbance, acute nephropathy and kidney failure,
several studies examined the efficiency of other modified
booster regimens.”® Unfortunately, most studies failed to
report positive results. Recently, a Spanish group compared
a one-day versus two-day cleansing regimen using a reduced
volume of NaP booster.”® The one-day group received a fi-
ber-free diet and 3 liters of PEG on day 0, while the two-day
group received a liquid diet and 3 liters of PEG in the evening
of day -1, and 1 liter of PEG in the early morning of day 0.
In both groups, bisacodyl 15 mg was used on day -1. Further,
NaP booster was added once or twice after capsule ingestion.
The authors reported 94% of adequate bowel cleansing in the
one-day schedule group, and 84% in the two-day schedule
group. However, there was no statistical difference between
groups (p=0.27).

Another study using PEG plus ascorbic acid without NaP
booster showed adequate level of bowel cleansing.”” The
patients in the original group received 1 liter of Moviprep
(Norgine GmBH, Marburg, Germany) in the evening prior
to CCE, followed by 0.75 liter of Moviprep in the morning of
CCE. Booster regimen was also provided with Moviprep (0.5

L and 0.25 L). Domperidone and bisacodyl suppositories were
used. Patients in the control group received 1 liter Moviprep
on the morning of CCE and other regimen remained the
same as in the original group. The study reported that 83%
of original group and 82% of control group showed good to
excellent bowel cleansing, suggesting the utility of PEG plus
ascorbic acid as a preparation regimen in CCE.

Spada et al. proposed a regimen with reduced NaP vol-
ume." Unlike prior studies, Spada et al. used 30 mL and 15
mL NaP booster with water.” The overall adequate bowel
preparation was 78% and the colon excretion rate was 83%.
While the results were comparable to other studies, adequate
cleansing of CCE at the cecum was just 50%. Adequate cleans-
ing of colonoscopy at cecum was 70% in the same study.
Adequate bowel cleansing of the right colon was also quite
low in the CCE group (65%). The US multi-society task force
on colorectal cancer (CRC) set a target cecal intubation of at
least 90%, but failure rate of cecal intubation was about 13%
in real practice.” Since failed colonoscopy leads to failed ob-
servation of the proximal colon, appropriate bowel cleansing
and expansion are very important. Colonoscopy failure is an
indication for CCE.

In the several studies regarding bowel preparation of CCE
that were reviewed, bowel preparation requires as much as 6
liters of fluid over two days. In real clinical practice, the large
volume of PEG and water is a challenge to the patients. Ka-
kugawa et al. suggested reducing the volume of fluid prepa-
ration.” Patients in the group treated with reduced volume
method abstained from drink PEG the day before procedure,
while they consumed 2 liters of PEG during the day of proce-
dure. The booster regimen comprised magnesium citrate 100
mg plus 900 mL water. Compared with the conventional vol-
ume group, reduced volume group reported comparable and
adequate bowel preparation (94% of reduced group vs. 86%
conventional group). Although not significant, the capsule ex-

Table 1. Most Extensively Tested Preparation Regimen for Colon Capsule Endoscopy.”®"" Other Regimens Described in our Text Were Mostly Modified from this

Regimen
Day Time Preparation
-1 All day Liquid diet only
6:00-9:00 PM 3L PEG

0 (exam day) 6:00-7:00 AM 1L PEG
7:45 AM Domperidone (20 mg)
8:00 AM Colon capsule ingestion
10:00 AM 45 mL NaP + 1 L water (first booster)
02:00 PM 30 mL NaP + 1 L water (second booster)
4:30 PM 10 mg Bisacodyl (suppository)

First booster was administered after capsule exit from stomach. PEG, polyethylene glycol; NaP, sodium-phosphate.
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cretion rate within the battery time was quiet low (71% in the
reduced group and 55% in the conventional group).

CCE has inherent technical limitations. The current tech-
nology does not allow tissue extraction, inflation of air, suc-
tion of debris, or movement control. Thus, adequate bowel
cleansing and expansion to ensure a “submarine view” are
the most important factors for CCE success. Development of
clean and expanded bowel with a reduced volume of prepara-
tion fluids is needed for successful CCE.

INDICATIONS AND
CONTRAINDICATIONS

Essentially, CCE was designed to evaluate colonic mucosa,
making the indications of CCE not much different from that
of colonoscopy. All suspected or known colonic diseases are
indications for CCE.”" Most studies regarding CCE compared
conventional diagnostic tools such as colonoscopy or com-
puted tomographic colonoscopy with CCE in colonic diseas-

5-14,16-18
€s.

Screening of colorectal neoplasms, monitoring and
diagnosis of inflammatory bowel diseases (IBDs), and incom-
plete colonoscopy or unwilling to perform colonoscopy are
indications for CCE (Fig. 2). Detailed reports about each indi-
cation will be described in a later chapter. Contraindications
for CCE are similar to that of VCE.” They include swallowing
disorders, prior abdominal surgery of gastrointestinal tract,

known or suspected bowel obstruction, presence of cardiac
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pacemaker and pregnancy. History of abdominal surgery and
bowel obstruction may be related to capsule retention. Signals
from CCE may interrupt cardiac pacemaker action and mi-
crowave from the CCE may be a threat to pregnancy.” Risk
of aspiration may be increased in patients with swallowing
disorder. Physicians should select candidates for CCE depend-
ing on the patient’s condition, based on the indications and
contraindications of CCE.

CLINICAL OUTCOMES

Polyp detection

Colonoscopy is the gold standard for screening of CRCs
and the diagnosis of colorectal pathologies. However, in-
complete colonoscopies have been reported due to intestinal
obstruction, acute angulations, adhesions due to past abdomi-
no-pelvic surgery, hernias, or patient intolerance. Patients with
incomplete colonoscopy are usually referred to computed
tomographic colonography (CTC), especially in case of bow-
el obstruction due to CRC. CTC may provide information
about colorectal lesions as well as extra-colonic findings.*
Previous studies reported a CTC sensitivity of 82% to 92%. for
colorectal tumors >1 cm in size.”* Although the complications
of CTC are very rare, CTC is associated with potential risk of
colonic perforation and radiation.”” Furthermore, the sensitiv-
ity of CTC is less than that of colonoscopy for the detection
of polyps <1 cm in size,”” flat,”* and serrated lesions.” Two

Fig. 2. Examples of endoscopic pictures captured by colon capsule endoscopy (CCE). (A) Normal colonic mucosa. (B) Colorectal neoplasm: 17 mm-sized polyp was
found at transverse colon during screening CCE (Courtesy of Professor Jae Jun Park from Yonsei University College of Medicine, Seoul, Korea).
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studies comparing CCE and CTC suggested that CCE was as
good as,” or better than CTC™ for CRC screening. In patients
with incomplete colonoscopy, the relative sensitivity of CCE
compared with CTC was 2.0 (95% confidence interval [CI],
1.34 to 2.98), indicating a significant increase in sensitivity for
lesions >6 mm.” In addition, a survey for adherence to CRC
screening suggests that CCE may have a positive impact on
adherence rates.” In patients who are unwilling, unable, or in-
appropriate for CTC. CCE is an acceptable alternative in cases
without intestinal obstruction.

Meta-analyses™*
CCE was accurate for the detection of colorectal neoplasia
(CRN), less sensitive and specific than conventional colonos-

and subsequent studies'*** indicated that

copy. In the meta-analyses, the per-patient sensitivities and
specificities of CCE compared with conventional colonoscopy
for detection of any polyp were 71%-73% and 75%-89%,
and 68%-69% and 82%-86% for the detection of significant
polyps (>6 mm and/or >3 polyps), respectively.**
studies of CCE-1 showed a significant heterogeneity in study

However,

design, patient population, and CCE performance character-

LTy 5,10-14,33,35-37
istics.

In studies with CCE-2, the reported sensitivi-
ties and specificities for detection of any polyp were 82% and
86%, and for the detection of significant polyps (=6 mm) were
84%-89% and 64%-88%, respectively.******* The sensitivity
and specificity of CCE for detection of polyps are listed in
Table 2. The US Food and Drug Administration approved
CCE for patients after incomplete optical colonoscopy as well
as for patients with major risks for colonoscopy or moderate
sedation (Jonette R. Foy, PhD, e-mail communication, Feb
2014). Japan's Pharmaceuticals and Medical Devices Agency
has approved a CCE for the diagnosis of colonic disease in
patients unwilling or unable to undergo colonoscopy.” The
ESGE recommended CCE as a feasible and safe tool for visu-
alization of the colon in patients with incomplete colonoscopy
without obstruction.”

Inflammatory bowel disease

Theoretically, CCE is a noninvasive modality for the as-
sessment of the extent and severity of IBD. However, the role
of CCE as a primary diagnostic modality is limited, because
biopsy and histological diagnosis are mandatory for the initial
diagnosis of IBD.” Similarly, CCE may not be inappropriate
for the surveillance of CRC in asymptomatic patients with
IBD. Currently, conventional colonoscopy recommends initial
IBD diagnosis and surveillance of colitis-associated cancers,
because of high sensitivity for the detection of mucosal lesions
and ability to obtain biopsy from the suspected lesions.

The outcome of CCE compared with ileo-colonoscopy in
patients with IBD is listed in Table 3. In an early prospective
study using CCE-1, the sensitivity and specificity of CCE-1
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for the detection of active colonic inflammation in patients
with known or suspected ulcerative colitis (UC) were 89%
and 75%, respectively.” Other studies using CCE-1 reported
acceptable safety but insufficient efficacy as an alternative to
conventional colonoscopy for monitoring disease extent and
%% Nonetheless, in a recent prospective study, CCE-
2 reported a sensitivity of 97% and 94% to detect mucosal

activity.

inflammation (Mayo endoscopic subscore >0) and moder-
ate-to-severe inflammation (Mayo endoscopic subscore >1),"”
respectively. The negative predictive values of CCE-2 to detect
mucosal inflammation reached 94% to 95%, respectively.” In
pediatric UC patients, CCE-2 showed acceptable efficacy with
sensitivity and specificity for disease activity of 96% and 100%,
respectively.”’ ESGE guidelines recommended that CCE-2
may facilitate the monitoring of mucosal inflammation in pa-
tients with UC/

Data regarding the use of CCE are insufficient in patients
with Crohn’s disease (CD). In patients with active CD of the
colon, CCE-2 underestimated the severity of disease com-
pared with colonoscopy, and detected colonic ulcerations
with 86% sensitivity and 40% specificity, respectively.”' The
diagnostic accuracy of CCE for active CD lesion was com-
parable to that of colonoscopy.”™” When pan-enteric capsule
endoscope was used, the diagnostic yield of small-bowel colon
capsule was superior to ileo-colonoscopy (83.3% vs. 69.7%;
yield difference, 13.6%; 95% CI, 2.6%-24.7%) Among the 66
enrolled patients, 43 were diagnosed with active CD disease
by both modalities, and 12 subjects tested positive for active
CD using small-bowel colon capsule alone (5 subjects showed
active CD lesions in the terminal ileum), and 3 subjects tested
positive for active CD with ileo-colonoscopy.™ CCE appears
to underestimate the extent and severity of disease compared
with colonoscopy in patients with CD. The American Gastro-
enterological Association guidelines recommend against sub-
stituting CCE for colonoscopy to assess the extent and severity
of disease in patients with IBD.” Recently, mucosal healing
considered as a treatment target of IBD for improved clinical
outcome and endoscopic monitoring have become import-
ant parameters to assess disease activity. CCE was associated
with better tolerance and was preferred by patients compared
with conventional colonoscopy. Based on the recent evidence,
CCE-2 may be useful for the assessing the severity of UC.*
The monitoring of inflammation may facilitate therapeutic
decision-making, and further studies are needed to support
this strategy.

Complication

In the meta-analysis, the adverse events from CCE oc-
curred in 4.1% (95% CI, 2.6%-5.6%) of cases, although these
were mild-to-moderate, such as nausea and abdominal pain."”



Table 2. Sensitivity and Specificity of Colon Capsule Endoscopy for Polyp Detection
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Type of No. of Outcome Sensitivity Specificity
Study .
colon capsule patients measurement (%) (%)
Eliakim et al. (2006)° CCE-1 84 Polyps = 6 mm in size or 23 in number, 50 83
Per-patient analysis
Schoofs et al. (2006)"' CCE-1 36  Polyps > 6 mm in size or >3 in number, 77 70
Per-patient analysis
Van Gossum et al. (2009)" CCE-1 320  Polyp =26 mm, 64 84
Per-patient analysis
Advanced adenoma =6 mm, 73 79
Per-patient analysis
Polyp =6 mm, 74 74
Per-patient analysis
Eliakim et al. (2009)° CCE-2 98 Any polyp, 44 53
Per-patient analysis
Polyp =6 mm, 89 76
Per-patient analysis
Polyp 210 mm, 88 89
Per-patient analysis
Gay et al. (2010)" CCE-1 126 Colonoscopy results 87.5 76
Sacher-Huvelin et al. (2010)” CCE-1 545  Polyp >6 mm, 39 88
Per-patient analysis
Spada et al. (2011)* CCE-2 109  Polyp >6 mm, 84 64
Per-patient analysis
Rondonotti et al. (2014)™ CCE-2 50  Polyp =6 mm, 88.2 87.8
Per-patient analysis,
Rexetal. (2015)* CCE-2 695  Polyp 26 mm, 81 93
Per-patient analysis
Polyp =10 mm, 80 97
Per-patient analysis
Saito et al. (2015)" CCE-2 66 Polyp =6 mm or any other lesion warranting
endoscopic or surgical treatment
Per-patient analysis 94.0 -
Per-polyp analysis 86.6 =
Brechmann et al. (2016)* CCE-1 50 Any polyps, 65 76
Per-polyp analysis
Igawa et al. (2017)* CCE-2 30  Laterally spreading tumors 81 100
Per-polyp analysis
Alvarez-Urturi et al. (2017)” CCE-1 53  Advanced adenomas, 100 98
Per-polyp analysis
Any polyp, 87 97
Per-patient analysis
Otaetal. (2017)* CCE-2 21 Advanced colorectal cancer
Per-patient analysis 85 -
Per-polyp analysis 81 -
Parodi et al. (2018)" CCE-2 177 Any polyp =6 mm, 91 95
Per-patient analysis
Any polyp 210 mm, 89 95

Per-patient analysis

CCE-1, first generation colon capsule endoscopy; CCE-2, second generation colon capsule endoscopy.
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Table 3. Outcome of Colon Capsule Endoscopy Compared with lleo-Colonoscopy in Patients with Inflammatory Bowel Diseases

T f . of
Study ypeo N(.) o Outcome Results of CCE
colon capsule  patients measurement
Ulcerative colitis
Sung et al. (2012) CCE-1 96 Colonic inflammation (defined  Sensitivity, 89% (95% CI, 80-95);
as the presence of ulcers,  Specificity, 75% (95% CI, 51-90);
erythema, erosions, edema, PPV, 93% (95% CI, 84-97);
exudates in mucosa) NPV, 65% (95% CI, 43-83)
Meister et al. (2013)" CCE-1 13 Modified Rachmilewitz score Colonoscopy group: 7.3+2.9
CCE group: 4.8+3.4
Ye et al. (2013)* CCE-1 26 Extent of mucosal damage,  Correlation: severity (k=0.751, p<0.001),
inflammatory lesions extent (k=0.522, p<0.001)
Hosoe et al. (2013)* CCE-2 40 Matts score Strong correlation (average rho = 0.797)
Oliva et al. (2014)” CCE-2 30 Modified Matts score Sensitivity, 96% (95% CI, 79-99);
(pediatric Specificity, 100% (95% CI, 85-100);
ulcerative PPV, 100% (95% CI, 85-100);
colitis) NPV, 85% (95% CI, 49-97)
Shi et al. (2017)" CCE-2 108 Mayo endoscopic subscore,  Per-patient analysis: ICC for Mayo endo-
UCEIS scopic subscore, 0.69 (95% CI, 0.46-0.81),
ICC for UCEIS, 0.64 (95% CI, 0.38-0.78)
Crohn’s disease
D’Haens et al. (2015)™" CCE-2 40 CDEIS ICC of CDEIS, 0.65 (95% CI, 0.43-0.80)
Oliva et al. (2016)™ CCE-2 38 Active inflammation: colon,  Colon: sensitivity, 89%, specificity, 100%;
CDEIS >3; small bowel, Lew- PPV, 100%; NPV, 91%, Small bowel: sen-
is score >135) sitivity, 90%, specificity, 94%, PPV, 95%;
NPV, 90%, entire GI tract: sensitivity, 89%,
specificity, 92%, PPV, 96%; NPV, 79%
Niv et al. (2018)” CCE-2 10 Capsule endoscopy Crohn’s  Kendall’s coefficients for the small bow-
disease activity Index el (0.85, p<0.001) and for the whole intes-
tine (0.77, p<0.001)
Leighton et al. (2017)™* SBC 66 Lesions indicative of active  Per-patients analysis for diagnostic yield:

Crohn’s disease (aphthous
ulcers, ulcers other than
aphthous-type, bleeding, or
inflammatory stricture)

SBC, 83.3% vs. ileo-colonoscopy, 69.7%;
active lesions were detected in both (1=43),
SBC only (n=12), and ileocolonoscopy
only (n=3)

CCE-1, first generation colon capsule endoscopy; CCE-2, second generation colon capsule endoscopy; CI, confidence interval; PPV, pos-
itive predictive value; NPV, negative predictive value; ICC, intraclass correlation coeflicient; UCEIS, ulcerative colitis endoscopic index of

severity; CDEIS, Crohn’s disease endoscopic index of severity; GI, gastrointestinal; SBC, small-bowel colon capsule.

The risks of CCE include complications associated with bowel
preparation, aspiration, and capsule retention. The risks asso-
ciated with bowel preparation include nausea with and with-
out vomiting, abdominal pain, rare pulmonary aspiration,
Mallory-Weiss tear, pancreatitis, colitis, lavage-induced pill
malabsorption, and cardiac arrhythmia.”

Capsule retention is the most serious complication of CCE
similar to small bowel capsule endoscopy. Capsule retention
refers to capsule remaining in the gastrointestinal tract for at
least two weeks. The incidence of capsule retention is about
2% of all patients undergoing small bowel capsule endoscopy.
Capsule retention should be suspected in all asymptomatic
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patients who do not report capsule excretion within 15 days
of capsule ingestion; and in patients with obstructive or per-
foration-related symptoms in which the capsule has not been
excreted, regardless of the time between the onset of symp-
toms and capsule ingestion.” In IBD patients, especially estab-
lished CD, the risk of capsule retention was increased as high
as 13.2%. Although no serious adverse events were reported
with CCE-1'*" or CCE-2""' in IBD patients, theoretically, the
increased diameter of the CCE induces capsule retention in
IBD patients with unrecognized small-bowel strictures.”



LIMITATION

Although CCE has distinct merits, limitations also exist.
First, similar to conventional colonoscopy and CTC, CCE
requires bowel preparation and prolonged and complicated
preparation. The extensive need for laxatives may hinder pa-
tient and physician enthusiasm for CCE. One study for bowel
preparations for CCE suggests that a 2 L PEG plus ascorbic
acid regimen is at least as effective as a 4 L PEG regimen.®”

Experimental CCE facilitating image acquisition without
bowel preparation has been described, but is impractical.”’
Second, CCE is not yet shown to be cost effective. The average
cost of CCE has been estimated at approximately $950 in the
United States and €700 in Europe.” Third, experienced and
trained interpreters of CCE results are not yet widely available.
There is a need for experts in CCE to share their experience
and train others. Computer-based learning and computer-aid-
ed analysis of CCE findings have been reported and may
be improved in the future.” Finally, similar to other capsule
endoscopy, CCE is limited by inability to control movement,
insufflate the intestine wall, aspirate liquids, and clean the mu-
cosal surface. Patients with significant polyps are not amena-
ble to biopsy and polypectomy. Subsequent polypectomy will
require increased resource utilization.

FUTURE PERSPECTIVES

CCE is a new concept based on the possibility of visualiza-
tion of the entire gastrointestinal tract from mouth to anus
(pan-endoscopy) with a single non-invasive procedure.”” CCE-
2, with its two cameras that record video images from both
ends and adaptive frame rate technique, provides detailed
images and additional tissue coverage, potentially of the entire
gastrointestinal tract. Preliminary studies have demonstrated
the feasibility of pan-endoscopy, although other segments
(esophagus, stomach) need technical improvements for ef-

fective visualization.”*

A series of 24 subjects undergoing
CCE revealed pathologies of esophagus, stomach, and small
intestine in 7, 9, and 14 subjects, respectively.” This pan-endo-
scopic examination facilitates the evaluation of CD and drug
effects throughout the gastrointestinal tract.”

The reading time for CCE is longer than that for small bow-
el or esophagus capsule endoscopy. Furthermore, the evalua-
tion of entire gastrointestinal tract to determine potential ex-
tra-colonic findings take more time than the examination of
colon using CCE. However, technological advances based on
artificial intelligence and machine learning may support and
improve capsule interpretation. Computer-aided lesion de-
tection will significantly reduce the reading time. Future CCE
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may allow shorter reading time for interpretation in parallel
with the development of more efficient software.”
Pan-endoscopy using CCE may be available. However, the
inability of therapeutic capabilities to obtain biopsies and
control its locomotion limits the clinical use of CCE. Several
previous studies attempted to overcome these limitations and
experimental prototypes of a capsule controlled by remote
manipulation,””* designed for virtual biopsies and drug
delivery” have been tested. Although the exploration of the
esophagus and stomach remain sub-optimal with the current-
ly available CCE models, the feasibility of remotely controlled
prototypes suggests successful resolution of such limitations

. 68-70,72
in the near future.

CONCLUSIONS

CCE has emerged as a promising new modality for colonic
evaluation. The greatest advantage of CCE relates to nonin-
vasive and painless endoscopic colonic examination that does
not require sedation. Therefore, CCE may be well-tolerated by
patients in an outpatient setting, resulting in increased patient
compliance. Patients at increased risk for advanced CRN or
CRC, such as those with a history of previous CRN or CRC
and alarm symptoms or signs, should be referred to colonos-
copy. However, when the patients are contraindicated or un-
willing to undergo colonoscopy, CCE may be discussed with
the patient as the “next-step” after conventional colonoscopy.
Based on preliminary data, CCE may be useful in monitor-
ing inflammation associated with UC, which may facilitate
therapy. To date, there is insufficient data to support the use of
CCE as a primary CRC screening tool and diagnostic or sur-
veillance modality in patients with IBD. Randomized studies
evaluating the efficacy of CCE compared with radiological or
conventional endoscopic modalities are needed to confirm the
utility of CCE and identify patients who are candidates for
CCE. Considering the rapid technological advances, the ex-
pansion of CCE in the field of CRC screening and assessment
of IBD activity is foreseeable in the near future.
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