Taylor &Francis
EXPERT .
REVI Expert Review of Gastroenterology & Hepatology

0F GASTROENTERDLOSY & REPATOLOGY

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ierh20

Capsule endoscopy - Recent developments and
future directions

Stefania Chetcuti Zammit & Reena Sidhu

To cite this article: Stefania Chetcuti Zammit & Reena Sidhu (2021) Capsule endoscopy — Recent
developments and future directions, Expert Review of Gastroenterology & Hepatology, 15:2,
127-137, DOI: 10.1080/17474124.2021.1840351

To link to this article: https://doi.org/10.1080/17474124.2021.1840351

@ Published online: 03 Nov 2020.

N
CJ/ Submit your article to this journal

||I| Article views: 3137

A
& View related articles &'

@ View Crossmark data (&'

CrossMark

@ Citing articles: 8 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ierh20


https://www.tandfonline.com/action/journalInformation?journalCode=ierh20
https://www.tandfonline.com/loi/ierh20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/17474124.2021.1840351
https://doi.org/10.1080/17474124.2021.1840351
https://www.tandfonline.com/action/authorSubmission?journalCode=ierh20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ierh20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/17474124.2021.1840351
https://www.tandfonline.com/doi/mlt/10.1080/17474124.2021.1840351
http://crossmark.crossref.org/dialog/?doi=10.1080/17474124.2021.1840351&domain=pdf&date_stamp=2020-11-03
http://crossmark.crossref.org/dialog/?doi=10.1080/17474124.2021.1840351&domain=pdf&date_stamp=2020-11-03
https://www.tandfonline.com/doi/citedby/10.1080/17474124.2021.1840351#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/17474124.2021.1840351#tabModule

EXPERT REVIEW OF GASTROENTEROLOGY & HEPATOLOGY
2021, VOL. 15, NO. 2, 127-137
https://doi.org/10.1080/17474124.2021.1840351

Taylor & Francis
Taylor &Francis Group

REVIEW

W) Check for updates

Capsule endoscopy - Recent developments and future directions

Stefania Chetcuti Zammit @ and Reena Sidhu

Academic Department of Gastroenterology, Royal Hallamshire Hospital, Sheffield, UK

ABSTRACT

Introduction: Capsule endoscopy (CE) is an established modality in the diagnostic algorithm of small
bowel (SB) pathology. Its use has expanded for investigation of upper and lower gastrointestinal
diseases with similar prototypes.

Areas covered: This review covers the role and recent advances of CE, as a non-invasive investigative
tool.

Expert opinion: The use of upper gastrointestinal CE is useful in patients who require surveillance for
varices particularly in the current era of the COVID-19 pandemic. It has also shown high accuracy in the
detection of upper gastrointestinal hemorrhage in patients presenting with a suspicion of hemorrhage.
Findings on CE help to guide further management by device-assisted enteroscopy. The data on colon
CE suggest comparable diagnostic accuracy to colonoscopy for polyp detection; however, more
evidence is required in the high-risk group. Crohn’s CE has become an integral part of the management
of patients with Crohn’s disease offering a comparative assessment tool post escalation of therapy.
Artificial intelligence within CE has demonstrated similar if not better diagnostic yield compared to the
human with a significantly shorter reading time. Artificial intelligence is likely to be in-built within CE
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reading platforms over the next few years minimizing reporting time and human error.

1. Introduction

The diagnosis and management of small bowel (SB) pathology
have been revolutionized with the advent of capsule endo-
scopy (CE). The SB is the longest organ within the gastroin-
testinal tract and thus it has been the most challenging
domain to examine. The invention of the wireless CE has
allowed gastroenterologist to investigate the whole of the SB
in a noninvasive manner [1]. CE is accepted as the first-line
modality to investigate patients with suspected SB gastroin-
testinal bleeding and is complementary to radiology for inves-
tigations of patients with refractory celiac disease and
inflammatory bowel disease [2]. Studies have also demon-
strated that allied health-care professionals have comparable
pick up rate to physicians for a range of pathologies [3,4]. In
comparison to radiology, one of the drawbacks of CE, is the
length of time to read and report a video in its entity with an
average of 30-60 minutes reporting time depending on the SB
transit and pathology seen [5-7]. Another challenge faced in
CE is the risk of missing pathologies because of the subtle
nature of lesions and also because of the fatigability of the
human reviewer combined with the low pre-reading experi-
ence some reviewers have.

Over the years new features in the capsule reading soft-
ware have been introduced to minimize human error and to
help free up the gastroenterologist for alternative roles such
as performing therapeutic endoscopies. SB capsule technology
has also been adapted for use in the upper gastrointestinal
tract and in the colon. Technology has had to be adapted to

suit the different shape of organs and to delineate different
pathologies. In inflammatory bowel disease, a single capsule
has been developed to identify disease in both the small and
large bowel. This is a very attractive alternative for patients
who would otherwise require repeated invasive endoscopies
at regular intervals.

This review encompasses developments in SB capsule
endoscopy, recent advances in upper gastrointestinal endo-
scopy, colon CE, and the recently introduced PillCam Crohn'’s
capsule. It also highlights the use of artificial intelligence in CE
and areas where more evidence is needed to optimize the use
of CE in clinical practice.

2. Upper gastrointestinal capsule endoscopy

CE technology has been adapted to provide a noninvasive
modality of investigating the upper gastrointestinal tract.
Some patients refrain from seeking medical advice because
of their concerns of undergoing invasive procedures that they
would struggle to tolerate and that involve risks. This also
follows a series of studies that have shown the better toler-
ance of CEs when compared to endoscopic procedures [8-11].
The noninvasive approach to investigating the upper gastro-
intestinal tract has never been so important to recognize as in
the current COVID-19 situation where there has been contin-
uous effort to minimize aerosol-generating procedures and
where the demand for endoscopies is greater than the avail-
able endoscopic capacity.
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Article highlights

e Magnetically controlled upper gastrointestinal endoscopy provides
optimum views of the lower esophagus and the stomach in those
with suspected pathology.

o Early small-bowel capsule endoscopy has the added advantage of
higher diagnostic yield and reduced hospital stay.

e A repeat capsule endoscopy in patients with refractory coeliac dis-
ease can detect mucosal healing demonstrating an additional benefit
compared to repeat histology and coeliac antibodies.

e Colon capsule endoscopy is useful in patients with lower risk of
colonic pathologies.

o Crohn’s capsule endoscopy offers a single investigative modality to
patients with inflammatory bowel disease to assess mucosal healing;

e The use of artificial intelligence in capsule endoscopy can help
improve reading time, the delineation of subtle changes and elim-
inate errors associated with human fatigability.

Upper gastrointestinal CE has been investigated as an alter-
native to gastroscopy as screening or surveillance for gastric
and esophageal varices in patients with liver cirrhosis [12,13].
It has been studied for use in patients presenting with upper
gastrointestinal bleeding prior to a gastroscopy within the
emergency setting. Currently, the standard practice is for
patients with suspected upper gastrointestinal bleeding to
be triaged according to the Glasgow-Blatchford score.
Depending on their score, patients are then admitted to hos-
pital for a gastroduodenoscopy. A recent meta-analysis (five
studies; 193 patients) has shown upper gastrointestinal CE to
have a high diagnostic accuracy in the detection of upper
gastrointestinal hemorrhage (diagnostic odds ratio of 12.62)
within the emergency department [14]. CE in the emergency
department has also been shown to be more accurate than
the Glasgow-Blatchford score in triaging patients who require
a hospital admission and cost-effective as it minimizes hospital
admissions and the need for gastroduodenoscopy (standard
cost for CE including interpretation: 1000 USD vs standard
practice of hospital admission with an average length of
4 days hospital stay: 23,549 USD) [15,16]. A CE can increase
the likelihood of identifying a cause for bleeding if it is admi-
nistered at the early stages following hospital admission with
anemia or overt gastrointestinal bleeding [17]. Although fea-
sibility of CE in the emergency department may be challen-
ging, it has shown to be beneficial in the low-medium risk
groups and warrants further study.

Development of upper gastrointestinal CE has been flawed
with challenges. The rapid transit with which the capsule travels
down the esophagus and the duodenum has meant that it has
been a struggle to obtain adequate views of these two regions
[18,19]. Advancement in the technology of upper gastrointestinal
endoscopy over the years has reflected the need to overcome
these hurdles. A meta-analysis on the use of upper gastrointest-
inal CE revealed only an 80% sensitivity in detecting Barrett's
esophagus [19]. This was based on the use of a dual-headed
esophageal capsule that captured images at 18 frames
per second for 20 minutes. A more recent study, utilizing a dual-
headed capsule that captures images at 35 frames per second for
10 minutes followed by 18 frames per second for a further 80 min-
utes showed more promising results [20].

The capacious nature of the stomach, the lack of insufflation
during CE and the contracted nature of the stomach when an
individual fasts have provided additional challenges in upper
gastrointestinal CE. The administration of water and simethicone
and repetitive position change can help distend the stomach and
obtain good views during upper gastrointestinal endoscopy
[21,22]. Magnetically assisted upper gastrointestinal capsule
endoscopies (MACE) have been developed to overcome some of
these challenges. MiroCam Navi (Intromedic, Seoul, South Korea)
which is a capsule that can be controlled by an external, handheld
magnet was more likely to identify pathology than gastroscopy in
patients with refractory iron deficiency anemia. Additionally,
34.7% of patients had significant pathology beyond the second
part of the duodenum providing an additional yield compared to
gastroscopy [11]. Another study reported a sensitivity for MACE of
73.3% and 100% [23]for the diagnosis of esophageal varices and
Barrett’s esophagus respectively.

The weight of the external magnet and potential operator
fatigue led to the development of the Navicam system (AnX
Robotica, Shanghai, China). This consists of a robot-controlled
magnet and a capsule that can be moved using joysticks and
equipped with pre-programmed, automated, and computer-
generated maneuvers. It has been utilized for the detection of
gastric cancer in high prevalence populations with a sensitivity of
90% [24]. The reading time can be as short as 14 minutes [24]. This
is comparable to the duration of a gastroscopy including the time
spent to prepare the instrument prior to the procedure. This
makes MACE more attractive to be used in routine clinical care.

MACE can provide good views of the stomach and is well
tolerated by patients [25,26]. Some studies have demonstrated
that MACE can have a similar diagnostic yield to that of gastro-
scopy even for superficial gastric lesions [27-29]. It has been
approved by the Chinese food and drug administration as an
alternative to gastroscopy [30].

A second-generation robotically controlled MACE (Ankon
Technologies Co Ltd, Shanghai, China) with a higher adaptive
frame rate of 8 frames per second, better image resolution of
720 x 720 pixels, wider field of view of 150 degrees, extended
battery life of more than 12 hours has been developed. In a study
comparing the first and second-generation MACE, the second-
generation MACE showed better mucosal visualization, examina-
tion duration, and maneuverability of the capsule. These techno-
logical advancements help to optimize the clinical application of
upper gastrointestinal CE [31].

Although MACE is promising for the diagnosis of several upper
gastrointestinal pathologies including as a screening tool in popu-
lations with a high prevalence of certain diseases, for example,
gastric cancer in Asian populations and esophageal varices in
patients with liver cirrhosis, several limitations remain including
the significant cost of hardware and software installation and the
acquisition of tissue samples and the application of therapeutics
which mean that some patients will require an additional gastro-
duodenoscopy that can increase the costs further.

2.1. Small-bowel capsule endoscopy

SBCE was first introduced in 2000 [1]. Since then, its technol-
ogy has been refined to obtain improved images of the SB and
to increase its diagnostic yield.



The first generation SBCE (PillCam SB1) provided an
8-h battery life and captured 2 images per second. The angle
of view was 140 degrees and it had an eightfold magnifica-
tion. The second-generation SBCE (PillCam SB2) provided
a wider angle of view (156 degrees) and better optics with
automatic light control. The third generation SBCE (PillCam
SB3) differs from the second generation of SBCE mainly as it
has better optics and in the adaptive frame rate allowing up to
six frames per second varying according to the speed of
movement of the capsule in the SB. This is an important
feature that allows for battery life to be conserved when the
capsule is moving slowly along the SB. It also increases the
chances of the capsule exiting the SB before it runs out of
battery life. This can be important in patients with conditions
or on medications that can cause a slow SB transit. Even
though there are considerable differences between
the second and third generation SBCE, there have been stu-
dies that have shown that there is no significant difference in
completion rate and diagnostic yield between the two forms
of SBCE [32,33]. Another important improvement over the
years has been the development of a sensory belt that
patients can put on. This replaces the leads that are attached
to the chest and abdomen that enable data transmission to
the recorder.

Other platforms of CE that are available for use in patients
with suspected SB conditions have a longer battery life of up
to 11 to 12 hours (MiroCam, CapsoCam) [34]. The angle of
view can also be wider (170 degrees in MiroCam). This helps to
improve the visualization of the SB mucosa.

Panoramic SBCE was introduced in 2013 [35]. It differs
considerably from the standard axial SBCE in that it provides
panoramic views as opposed to axial views because it has four
cameras (two at either end) as opposed to two cameras [36]. It
has a longer battery life of 12 hours and the capsule itself has
a data storage system. This means that a recorder, leads, or
a sensory belt are not required for data acquisition. It also
encompasses the added advantage that SBCE can be posted
to patients and does not require a hospital visit, an important
aspect to consider in the current situation of the COVID-19
pandemic. However, it also has the added disadvantages that
patients have to retrieve the capsule. It can also take longer
for physicians to review the SCBE as this type of capsule does
not have an adaptive frame rate and has a longer battery life
[371. Interpretation of panoramic images requires considerable
experience in the field of SBCE. It has been studied in patients
undergoing SBCE for several indications including Crohn’s
disease and suspected SB bleeding [38]. Panoramic SBCE has
been compared to axial SBCE with some studies suggesting
a higher diagnostic yield [34] whilst other studies showed
a comparable ability to detect lesions [39,40].

The roles of SBCE have expanded over the years to include
assessment of disease activity in patients with suspected SB
Crohn’s disease and to assess mucosal healing in those who
have undergone escalation of therapy. SBCE lands a helping
hand to device-assisted enteroscopy (DAE), which allows for
histology to be obtained and for therapeutic procedures to be
performed. As it is invasive and can be associated with com-
plications related to anesthesia, perforation, and bleeding,
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SBCE should be the first diagnostic investigation of choice in
patients with suspected SB pathology. SBCE is also important
in determining the route of insertion in DAE [41,42]. If the
pathology is within the first 2/3 of the SB, an antegrade DAE is
advocated. A repeat SBCE is also useful following DAE where
the suspected pathology has not been reached and where the
most distal point of SB examined has been tattooed. It will
help determine whether there is pathology distal the SB tattoo
that has not been reached during DAE [43,44]. SBCE is useful
in patients with Crohn’s disease and refractory celiac disease
(RCD), who undergo repeat SBCE to assess for ongoing active
disease and to rule out complications [45-54] In our recent
study on the use of CE in the management of patients with
RCD, we showed that patients with RCD had an improvement
in the extent of affected SB mucosa (42.4+34.1% vs 26.4
+28.9% p = 0.012) after administering steroids and/or immu-
nosuppressants. This contrasted with the lack of variation in
celiac disease antibodies and histological changes [51]. In
patients with hereditary hemorrhagic telangiectasia, it is useful
to carry out an SBCE prior to considering DAE for argon
plasma coagulation (APC) of angioectasias to assess number
and location of these lesions [55]. Patients with Peutz Jeghers
syndrome undergo SBCEs at regular intervals to monitor the
size of polyps [56,57]. Larger polyps can be associated with
complications such as intussusception and therefore should
be considered for removal by DAE. SBCE is non-invasive and
therefore the preferred modality to monitor these conditions.
It is deemed complementary to MR enterography.

Over the past few years, more literature has emerged on
the timing of SBCE in suspected SB bleeding. Repeating
endoscopic procedures before considering SBCE has not
been shown to be cost-effective in some studies [58,59].
Other studies have also explored the use of early SBCE
close to the time of admission to hospital with gastroin-
testinal bleeding. In a study by Marya et al, a bleeding
source was localized in 64.3% of patients receiving an early
SBCE and in 31.1% of the patients receiving standard care
(p < 0.01) [17]. Another group of authors assessed the
diagnostic yield of SBCE in patients with overt SB bleeding
depending on the timing of SBCE from the time of pre-
sentation. They showed that a higher diagnostic yield was
achieved if the SBCE was carried out earlier [60]. Similar
findings were demonstrated by Singh where patients who
had a SBCE within 3 days of presentation had the highest
diagnostic yield [61]. Earlier diagnosis of SB pathology can
also lead to earlier intervention and a lower rebleeding
rate [62]. A higher therapeutic yield is achieved if DAE is
carried out closer to the time of bleeding (within
2 days) [63].

The use of biomarkers can help determine who is most
likely to benefit from SBCE, improve the diagnostic yield, and
make the best use of the resources we have. Fecal immuno-
chemical test (FIT) has been shown to be a useful biomarkers
in predicting the likelihood of SB pathology in patients with
anemia [64]. It has a high negative predictive value for small-
bowel lesions [64,65].

Fecal calprotectin (FC) is a useful screening tool to help
select patients with suspected SB inflammation for SBCE and
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in patients with established inflammatory bowel disease with
a high suspicion of active disease in the SB. FC has
a significant diagnostic accuracy for the detection of SB
Crohn’s disease [66-68]. In patients with suspected CD with
an FC less than 50 pg/g, the likelihood of positive diagnosis is
very low [69]. FC has a high negative predictive value for
inflammation in the SB if levels are low [70,71]. A good corre-
lation has also been demonstrated between FC and Lewis
score on CE and Capsule Endoscopy Scoring Index [72,73].
FC is also a good predictor of mucosal healing on CE in
patients with established Crohn’s disease who have received
treatment [73].

The role of virtual chromoendoscopy to improve the deli-
neation of changes on SBCE has been widely studied. This is
based on virtual chromoendoscopy (Pentax | scan) and dye
spray chromoendoscopy in upper gastrointestinal endoscopy
and colonoscopy where indigo carmine is used to improve the
delineation of dysplastic changes in patients with inflamma-
tory bowel disease and to help identify the pit pattern of
colonic polyps. Flexible spectral color enhancement (FICE) is
a mathematical algorithm that processes SB images in con-
ventional white light and enhances light in certain spectra -
mainly red, green, and blue. Different FICE settings can be
chosen from the reading software whilst reviewing SBCE (FICE
1, 2, 3, or blue light) in an attempt to improve the diagnostic
yield of SBCE. In a recent meta-analysis, it has been concluded
that virtual chromoendoscopy does not help to improve the
delineation of lesions in the SB except for pigmented lesions
mainly angioectasias and ulcers [74]. The underlying theory is
that FICE can enhance the light that is captured and reflected
by hemoglobin in these lesions.

A dual headed SBCE (one camera at either end) [75] has
been compared to a standard single camera SBCE [76].
Although it provides wider coverage of the SB (340 degree
views), no statistical improvement in diagnostic yield has
been reported. Even though more studies are required to
assess the utility of this type of SBCE, without the added
benefit of improving the diagnostic yield, it can unneces-
sarily prolong the physician reading time that is required.

Traditionally, bowel preparation has been administered
prior to a SBCE. The type of bowel preparation that is
administered prior to SBCE has been widely debated. In
a recent meta-analysis, administration of bowel prepara-
tion prior to SBCE did not improve the diagnostic yield
but it improved the visualization of the SB [77]. This con-
trasts with a previous meta-analysis that showed better
visualization of the SB with bowel preparation and
a better diagnostic yield [78]. The results on the type of
bowel preparation given in both meta-analysis were also
contradictory. Yung et al. demonstrated that patients given
polyethylene glycol had a lower diagnostic yield than
those that received sodium phosphate [77]. Belsey et al.
showed that polyethylene glycol-based regimens showed
benefit, while sodium phosphate-based regimes yielded no
significant difference from fasting alone [78]. A more
recent study has shown that patients receiving 4 liters of
clear liquid had significantly higher mean image quality
scores when compared to the polyethylene glycol group

[79]. Bowel preparation closer to the time of SBCE (4 hours
or after real-time confirmation of the arrival of the capsule
in the SB) can achieve better views than bowel preparation
administered 12 hours or the day before SBCE [80,81]. In
more recent studies, the addition of simethicone to poly-
ethylene glycol was shown to improve the quality of visua-
lization in the proximal and distal SB [82,83]. SB units are
routinely incorporating simethicone in the bowel prepara-
tion regime prior to SBCE [80,84].

Overall, the findings indicate that administration of bowel
preparation is associated with a similar diagnostic yield to no
bowel preparation. The European Society of Gastrointestinal
Endoscopy (ESGE) recommends that prior to SBCE patients
follow a modified diet and that they ingest a purgative (2L
of polyethylene glycol) for better visualization. Antifoaming
agents are also recommended prior to capsule ingestion
[85]. More studies are awaited to enable clear guidelines on
bowel preparation to be formulated.

Capsule retention occurs when the capsule does not
pass two weeks or more following ingestion requiring
endoscopic or surgical intervention to retrieve the capsule
[86]. The retention rate is estimated to be 1.2-2.1% for
patients with suspected SB bleeding, 2.35% and 4.63% for
suspected and established SB Crohn’s disease, respectively,
2.2% for those presenting with abdominal pain and diar-
rhea and 2.1% in patients with neoplastic lesions [87-89].

Patients in whom a capsule is thought to be retained
should be followed with an abdominal x-ray to ensure passage
of the capsule. Capsule retention can occur in patients with
benign inflammatory strictures or malignant strictures and
usually occurs proximal to a stricture. Very rarely, capsule
retention can precipitate SB obstruction requiring emergency
management as it gets retained within a strictured segment
[90-92]. DAE can allow for SBCE retrieval [93] and can be
combined with stricture dilatation [94]. Patients with SB
obstruction, overt SB bleeding due to the capsule causing
local ulceration and those with perforation run a higher risk
of requiring surgery in case of capsule retention [95,96]. In
patients with inflammatory strictures such as those with
Crohn’s disease, medical treatment (e.g. steroids, anti-TNF
therapy) is recommended as the initial management by the
ESGE. In case of failure, retrieval by DAE should be consid-
ered [2,97].

Capsule retention can be minimized by the use of
a patency capsule (PillCam™) [2]. It consists of a lactose body
and a barium section that enables fluoroscopic visualization. It
also has one timer plug at each end to facilitate controlled
disintegration of the capsule body in case of a narrowed SB.
Retention of the patency capsule 30 hours after ingestion is an
indication not to proceed with SBCE. ESGE guidelines recom-
mend the administration of a patency capsule in high-risk
groups such as those with abdominal pain, distention, and
symptoms suggestive of obstruction and in patients with
a higher risk of strictures such as those with a history of non-
steroidal anti-inflammatory drug use or those with SB Crohn'’s
disease. This is to minimize the risk of retention [2]. Patency
capsule has a pooled sensitivity of 97% and specificity of 83%
in confirming SB patency [98]. Retention rates have been



shown to be minimized by 2.88% in patients with underlying
Crohn'’s disease [89]. A limited CT scan is better at localization
of a retained patency capsule than an abdominal x-ray
[99,100].

2.2, Colon capsule endoscopy

Colonoscopy is considered the gold standard and investiga-
tion of choice in patients with lower gastrointestinal symp-
toms and those suspected of having neoplasia. However,
a significant proportion of examinations in the symptomatic
population are found to be normal [101]. The use of fecal
immunochemical test (FIT) has been found to be helpful in
stratifying patient risk [101]. Colon capsule endoscopy (CCE) is
an alternative wireless modality for the lower gastrointestinal
tract and is now in its second iteration (CCE-2). Whilst it is
marginally larger than the SB capsule, it is equipped with an
additional camera head (one on either side). It has an adaptive
frame rate to acquire images up to 35 frames per second
depending on the velocity of the capsule and thus also pre-
serving battery life. The laxative required for the examination
is deemed more burdensome than that for a colonoscopy
[102]. The data recorders that patients wear have inbuilt soft-
ware that detects capsule location and releases prompts for
patients to take the additional laxative boosters.

CCE-2 has been evaluated mainly for the detection of
neoplasia and when compared to computed tomography
colonography (CTC) in patients with incomplete colonoscopy,
CCE2 had similar if not better yield [102,103]. Meta-analysis
suggests that colon capsule endoscopy has a sensitivity and
specificity of detecting polyps =6 mm of 86-87% and 87-88%,
respectively. In the detection of polyps =10 mm, CCE had
a sensitivity of 87% and specificity of 95% compared to colo-
noscopy [104,105]. The European Society of Gastrointestinal
Endoscopy (ESGE) suggests the use of CCE in low to moderate
risk groups [106]. CCE has been studied as a triage tool in
a screening population with a positive FIT test to decide on
which patients require a colonoscopy [107]. In a Spanish, pro-
spective randomized study of 257 patients with a FIT (=20 pg
of hemoglobin/g of feces), the sensitivity of CCE and CTC in
detecting significant lesions (=6 mm in size at colonoscopy)
was 96.1% and 79.3%, respectively. CCE was also better in
detecting advanced colorectal neoplasia than CTC (sensitivity
100% and 93.1%) [108].

The recent pandemic of COVID 19 has resulted in the pause
of endoscopic activity worldwide. Although endoscopic activ-
ity is being resumed, there is a significant reduction in capa-
city resulting in a delay to patient investigations and
treatment [109,110]. Patients with high-risk symptoms or
those with FIT level >100 ug/gm are being prioritized for
colonoscopy. More recently the National Health Service body
for England has recommended CCE as an option in addition to
standard CT or CT colonography in patients with lower gastro-
intestinal symptoms and with a FIT level between 10-100Uug/
gm, as there may be a significant delay for colonoscopy [111].
Robust data collection and follow up are recommended in this
group. More data particularly within this current time is likely
to influence how we investigate patients with increasing use
of CCE and steering away from conventional endoscopy [112].
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2.3. Pillcam Crohn’s

Crohn’s disease affects the gut from mouth to anus but has
a predilection for the terminal ileum and cecum. Standard
investigations include colonoscopy to investigate the large
bowel and either magnetic resonance imaging enterography
(MRE) or a CE to investigate the SB [113]. The PillCam Crohn'’s
(Medtronic, Dublin, Ireland) is a novel combined panenteric
capsule developed to identify inflammatory activity in both
domains using a single capsule. The technology is similar to
the CCE where it has camera heads at both ends providing
a field of view of 344 degrees [114]. The reporting software is
equipped with severity scoring over successive examinations
for comparisons after modification of treatment. The first
comparative study showed the diagnostic yield per subject
was 83% for Pillcam Crohn’s compared to 69.7% for ileo-
colonoscopy (incremental yield 13.6%, 95% Cl 2.6-24.7) [115].

A 5 center prospective study by Eliakim et al. investigated the
feasibility of this new device in 41 patients with Crohn’s disease
detecting active disease in 53% of the patient cohort. Cleansing
was deemed good or excellent. It is imperative that the capsule
has complete visualization and in this study the CE reached the
toilet in 83% of cases [116]. The BLINK study group compared the
use of Crohn’s Pillcam versus conventional colonoscopy and MRE
in 99 patients recruited from 21 centers [117]. Central readers
were trained and blinded. They reported the sensitivity of CE was
superior for proximal inflammation whilst the sensitivity for distal
SB and colonic inflammation was comparable to the standard
arm in 99 patients. However, there was capsule retention behind
an ileo-colonic stricture highlighting the importance of the role
of a patency capsule. A greater number of patients preferred this
combined procedure compared to standard tests.

A simulated 20 year cost analysis comparing panenteric CE
versus MRE & colonoscopy calculated a cost of £42,266 with
colonoscopy and MRE and £38,043 with panenteric CE [118].
Although costs with panenteric CE were expected to be higher
within the first 2 years due to step up of therapy, subsequent
surgery was reduced from year 3 onwards suggesting this
technique to be cost-effective for the National Health Service
in the United Kingdom, with a potential better quality of life
from the patients’ perspective.

Recent literature suggests that patients may have endo-
scopic activity seen on CE despite being in clinical remission
[119]. The Montreal classification of disease can be upstaged if
active disease is detected in the gastrointestinal tract using
Pillcam Crohn’s in particular if active disease in the proximal
SB is detected [120]. This can then guide further treatment
escalation. Findings at CE have also shown to predict a clinical
relapse [121]. This provides the clinician with motivation for
step-up therapy. CE thus provides an important modality for
investigation of disease severity and mucosal healing through-
out the pathway of the patient from diagnosis, prediction of
a clinical flare, post-operative assessment of disease recur-
rence, and its role in treating to target [122].

2.4. Artificial intelligence in capsule endoscopy

The reading of CE videos can be time-consuming [5-7].
Furthermore, the fatigued human eye may miss subtle
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pathology including indiscreet mucosal bulges. In recent
years, artificial intelligence has made significant progress in
the field of medicine including gastroenterology. Machine
Learning has enabled feature extraction and in combination
with deep neural networks, image classification has now mate-
rialized for routine endoscopy for the clinician.

Artificial intelligence can broadly be broken down into
machine learning, artificial and convolutional neural networks,
and deep learning. With machine learning, the computer is fed
a set of training data by the human so that it can ‘machine
learn’ and generate mathematical algorithms to be used on
new data without the help of a human [123]. Artificial neural
networks are hidden pathways between a network of multi-
layer interconnections which have the ability to use the
weight of a connection to produce the best result.

Artificial intelligence has been utilized for the detection of
early neoplasia in Barrett's esophagus, neoplastic lesions in
stomach, and mucosal changes related to Helicobacter pylori
[124,125].

Another particular area of machine learning development
has been colorectal polyp detection. The detection rate of
adenomas has been a quality indicator for standard colono-
scopy particularly in screening cohorts as it has shown to
reduce interval cancer. Whilst high-quality colonoscopy
remains the aspiration of all endoscopists, studies have
demonstrated a miss rate for polyps of up to 22% [126]. It is
thought that at least 50% of all interval carcinomas arise from
missed lesions during colonoscopy [127]. The breakthrough in
artificial intelligence has been both in ‘real time’ and increase
in the detection rate of adenomas [128,129].

The SB however has lagged behind until recently. Artificial
intelligence has been used for the detection of bleeding
lesions, ulcers, and celiac disease [130,131]. In a large study
by Ding et al., a deep convolutional neural networks were
trained on more than 150,000 images to recognize common
SB pathologies. This model was further validated in 5000
patients and identified pathologies with 99.9% sensitivity
and specificity, respectively. This was superior to the human
reviewer who identified abnormalities with a 74.6% sensitivity.
The machine model was also instrumental in decreasing the
reading time from 96.6 minutes to 5.9 minutes [131]. In
another study, DAISY descriptors were used to project two-
dimensional images onto one-dimensional vectors and there-
fore help identify features of celiac disease on CE. The

reported sensitivity and specificity were 94.35% and 83.20%,
respectively, in distinguishing celiac disease features from
controls on SBCE [132].

In a recent meta-analysis, the reported ulcer detection
sensitivity and specificity were 0.95 and 0.94, respectively,
and bleeding lesions were detected with 0.98 and 0.99 sensi-
tivity and specificity, respectively, [130]. Although a number of
studies have been carried out that demonstrate the potential
of artificial intelligence in the detection of SB pathology on
SBCE, none of these algorithms have been embedded in the
capsule reading software for use in clinical practice.

One of the contentious issues in artificial intelligence has
circled around the training set of data that is fed to the
machine which begins the human-machine collaboration. If
this initial data set is flawed with bias, such as demographics
and range of pathology, the output from the computer-aided
design model will also be skewed and this is reflected in the
final algorithm output.

Table 1 provides a summary of indications and evidence for
use of different CE platforms (Table 1).

2.5. Training in small-bowel capsule endoscopy

Although CE has been utilized widely, training in CE has
lagged behind other forms of endoscopy. Recently, the ESGE
recognized this gap and formulated a working group to devise
a curriculum for SB endoscopy, which has been published
[133]. Prior experience in bidirectional endoscopies helps in
the detection of pathologies on SBCE and is desirable for
training in SBCE [134]. The curriculum also describes the
importance of structured courses where indications and con-
traindications of SBCE are covered and where hands-on
experience is encouraged [135]. Training in SBCE is ideally
carried out in the form of a fellowship program where trainees
are exposed to a high volume workload of SBCE and with
regular participation in SB multidisciplinary team meetings
where SB imaging is discussed as a complementing investiga-
tion to SBCE. For quality of training to be ensured, a training
center must carry out a minimum number of 75 to 100 SBCEs
per year [133]. Competence in SBCE can be assessed ideally in
a structured training program using direct observation of
procedural skills [136], short test videos, and multiple-choice
questions [137]. Achieving competence in SBCE interpretation

Table 1. A summary of indications and evidence for use of different capsule endoscopy platforms.

Upper gastrointestinal capsule
endoscopy

It is a noninvasive alternative approach to gastroscopy for esophageal and gastric varices.
Magnetically controlled capsule can provide better views of the stomach & minimize reading time.

Small bowel capsule endoscopy As it is noninvasive, it should be the first diagnostic investigation in patients with suspected small bowel pathology particularly

mid gut bleeding.

If the pathology is within the first 2/3 of the small bowel, antegrade device assisted enteroscopy can be carried out to assess,

biopsy lesions or apply therapeutics.

Early capsule endoscopy in relation to presentation, can increase the diagnostic yield in patients with small bowel bleeding.
Biomarkers (fecal calprotectin, FIT) help to increase the diagnostic yield of capsule endoscopy.

A modified diet, 2 liters of polyethylene glycol with antifoaming agents are recommended prior to capsule endoscopy
Capsule retention can occur in up to 1.2% of patients with suspected small bowel bleeding and is higher (up to 4.63%) in
patients with established small bowel Crohn’s disease.

A patency capsule minimizes the risk of retention and is indicated in higher risk groups.

Colon capsule endoscopy

It has a good sensitivity & specificity for the detection of colonic polyps compared to colonoscopy and a better diagnostic yield

in the detection of polyps and neoplasia compared to CT colonography.

Pillcam Crohn's

It is an alternative single non-invasive investigation for investigating and monitoring patients with Crohn’s disease.




forms a good background for training in DAE [41,138,139].
Formalizing training in SBCE will ensure that training in SBCE
is uniform and that the skills required to review SBCEs are
similar across centers specializing in the management of
patients with SB pathologies.

3. Expert opinion

Magnetically controlled upper gastrointestinal capsule has the
potential to become a viable alternative for investigation of
the upper gastrointestinal tract. The recent developments
have demonstrated maximization of views and minimized
reading times. Patients with lower risk of pathology and
those who are unlikely to require histological samples will
benefit the most from upper gastrointestinal capsules. As the
esophageal views continue to improve, upper gastrointestinal
capsule will likely replace gastroscopy in the surveillance of
esophageal and gastric varices. However, more data are
required for other cohorts of patients who require ongoing
surveillance such as those with Barrett's esophagus. These
patients do not necessarily require histological samples to be
taken unless there are suspicious mucosal changes and there-
fore are ideal candidates for upper gastrointestinal CE as
a surveillance tool. To overcome the limitation of not being
able to take gastric biopsies, patients with symptoms of dys-
pepsia and with evidence of gastritis on upper gastrointestinal
CE will benefit from combined Helicobacter pylori stool test.

SBCE undoubtedly continues to be useful if carried out
early in patients suspected of having SB bleeding, for surveil-
lance in patients with refractory celiac disease, in those with
suspected malignancy and patients with SB Crohn’s disease.
Findings on SBCE help to guide further management by DAE.
Chromoendoscopy is not helpful to improve diagnostic yield
except in patients with SB ulcers and angioectasias.

Data on bowel preparation prior to SBCE so far are con-
flicting as some studies suggest that it does not improve
diagnostic yield. Studies on bowel preparation closer to the
time of SBCE have also shown more promising results. Bowel
preparation may potentially impact on the cost-effectiveness
of SBCE as it can determine how many patients require
a repeat SBCE or alternative dedicated SB imaging. More
studies are required to clarify the role of bowel preparation
prior to SBCE.

Different SBCE platforms have different battery lives, vary-
ing resolutions and not all of them are equipped with an
adaptive frame rate. The panoramic SBCE has the added
advantage of not requiring a sensory belt or recorder.
However, as it lacks an adaptive frame rate, more reading
time is required. Optimizing the features of these different
platforms may potentially make them more competitive in
the SBCE market.

CCE has an important role to play in those patients with
a low suspicion of colonic pathologies, in those with incom-
plete colonoscopies and in patients with ulcerative colitis or
colonic Crohn’s disease. Further evidence is required for rou-
tine use in the higher risk populations such as those with
elevated FIT levels. This data will very likely emerge following
the COVID-19 pandemic as some centers are adapting their
practices to allow patients with a high FIT test to have a CCE
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and/or a CT colonography whilst they wait for or instead of
their colonoscopy which is delayed due to limited endoscopic
capacity.

Crohn's CE provides an exciting single pill option for the
management of Crohn’s disease. It has enabled assessment
of disease activity in symptomatic patients prior to escala-
tion of treatment and assessment of mucosal healing fol-
lowing the addition of biologics or combination therapy
with immunosuppressants. Patient selection guided by
fecal calprotectin may increase the diagnostic yield of
Crohn’s CE.

Al is likely to be in built with CE reading platforms within
the next 2 years. This development will no doubt expand to
CE for other parts of the gastrointestinal tract. This wireless
and patient-friendly technique combined with rapid reading
platforms with the help of artificial intelligence will become
an attractive and viable choice to alter how patients are
investigated in the future within gastroenterology. One
downside to Al is the impact on training as the role of the
human reviewer is taken over by the machine. It will be
important to continue to recognize the benefits of compe-
tence in SBCE reading prior to embarking on training
in DAE.

4. Conclusion

This review outlines the utility of CE in the upper gastroin-
testinal tract, SB, and colon. It provides a non-invasive
approach to investigating patients with several gastrointest-
inal symptoms and also those with established conditions
that require ongoing surveillance. Although efforts to
improve the visibility of pathologies and to minimize reading
time are ongoing, CE has the added advantage of not being
associated with risks of sedation/anesthesia and the risks of
perforation and bleeding that are established risks in stan-
dard endoscopies.

The non-invasive nature of CE means that is an investi-
gation that is greatly sought after in the recovery period
following the COVID19 pandemic. This is because it pro-
vides an alternative investigative modality without the gen-
eration of aerosols and helps offload the pressures from the
endoscopic services where currently the demand is greater
than the capacity to carry out endoscopic procedures. The
use of CE as an alternative to wired endoscopy is also likely
to change our practices in the long term. For example, CCE
may be utilized more widely to replace colonoscopy in the
long term.

We are also learning how to utilize biomarkers such as FC
and FIT to maximize the diagnostic yield of CE and to make
the best use of CE resources we have.
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