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Video Capsule Endoscopy in Gastroenterology
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Abstract

Video capsule endoscopy (VCE) is a wireless technology used by gas-
troenterologists for various indications in their clinical practice. There
has been significant improvement in this technology since its start about
two decades ago. Specific video capsules have been made to evaluate
the small bowel, colon, and esophagus. Now pan-enteric video capsule
is available to assess both the small bowel and colon. VCE is a non-
invasive procedure that has been tremendously evaluated for various
gastrointestinal disorders, particularly small intestinal bleeding. There
are specific contraindications and complications of VCE. This proce-
dure has the technical part and video reading part. Newer software pro-
grams will come to reduce the reading time. Artificial intelligence is also
coming for quick and accurate diagnosis of any positive findings during
VCE. VCE is an important diagnostic test in the field of gastroenterol-
ogy. Although it is an addition to optical endoscopic procedures to visu-
alize the gastrointestinal mucosa, it has advantages and disadvantages.
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Introduction

Video capsule endoscopy (VCE) is a relatively new diagnos-
tic tool developed over two decades. By this technique, we
can evaluate the esophagus, stomach, small bowel, and colon
in physiological conditions without exposing the patients to
external radiation. Video small bowel capsule endoscopy
(SBCE) can evaluate various small intestinal disorders. Vid-
eo colon capsule endoscopy (CCE) is one of the options for
colon cancer screening. Video esophageal capsule endoscopy
(ECE) is an option to diagnose certain esophageal diseases
when patients cannot tolerate optical endoscopy. Video SBCE
significantly impacts diagnostic evaluation in clinical gastro-
enterology. In this article, we will be discussing the diagnostic
implications, contraindications, complications, and technical
aspects of VCE and how to read capsule endoscopy.
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Video SBCE

Diagnostic implications

The small bowel is the most extended gastrointestinal tract or-
gan, with an average length of 9 - 15 feet [1]. It has three parts:
duodenum (first 9 inches) followed by jejunum (proximal two-
fifth or 40%) and ileum (distal three-fifth or 60%). It was once
regarded as the “dark world” or “black box” of the gastroin-
testinal tract because of incomplete visualization of the whole
small bowel mucosa by the conventional upper endoscopy,
colonoscopy, and push enteroscopy. SBCE revolutionized the
entire small bowel mucosal visualization painlessly and re-
motely when it entered our clinical practice in 2001 [2]. This
technology has improved over the years and is now consid-
ered a first-line powerful diagnostic tool in evaluating various
small bowel disorders. Most of the time, it is done to assess
the source of overt or occult obscure gastrointestinal bleed-
ing (OGIB) when esophagogastroduodenoscopy (EGD) and
colonoscopy are negative [3]. One study showed that in the
case of overt OGIB, early use of SBCE within 3 days of hos-
pital admission results in significantly higher diagnostic yield,
therapeutic intervention rate, and associated reduced hospital
stay [4]. In 2017, the clinical practice guideline of the Ameri-
can Gastroenterology Association (AGA) Institute recom-
mended SBCE in patients with known, relapsed, or suspected
Crohn’s disease when the active disease is still suspected in
the small bowel after negative imaging studies and normal il-
eocolonoscopy. The AGA guideline also recommended SBCE
in patients with the known celiac disease having unexplained
symptoms even after adequate treatment. The AGA guideline
suggested SBCE for surveillance of patients with polyposis
syndromes and small bowel tumors (neuroendocrine tumors,
adenocarcinoma, gastrointestinal stromal tumors, lymphoma,
and sarcoma) [5]. Schulmann et al did a prospective study on
29 patients with familial adenomatous polyposis (FAP) syn-
drome. They found that 24% of the patients with FAP with
duodenal adenomas had more polyps in the distal jejunum or
ileum seen by SBCE [6]. So SBCE should be considered in
FAP patients with multiple duodenal adenomas. Caspari et
al found a higher diagnostic yield of SBCE as compared to
magnetic resonance imaging (MRI) in detecting small polyps
(< 5 mm) in patients with Peutz-Jeghars syndrome (PJS) [7].
Considering this, SBCE should be considered for the initial
diagnosis and follow-up of patients with PJS. SBCE is also an
important test in evaluating the extent of small bowel involve-
ment and assessing treatment efficacy in primary gastrointes-
tinal lymphoma [8].
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Non-steroidal anti-inflammatory drugs (NSAIDs) can
cause various proximal and distal small bowel injuries, in-
cluding erosion, ulcers, bleeding, stricture, and “diaphragm
disease” [9]. SBCE can evaluate NSAID-induced enteropa-
thy [10]. Acute graft vs. host disease (GVHD) can involve
the whole gastrointestinal tract, and the small bowel mucosa
is involved in 75% of cases [11]. However, it is more pro-
nounced in the ileum than in the jejunum. The endoscopic
findings may vary widely, ranging from normal-looking
mucosa to focal erythema, edema, friability, exudation, ero-
sion, ulceration, mucosal denudations, mucosal sloughing,
and active bleeding [12]. One prospective study found that
either ileocolonoscopy with biopsy (from the rectosigmoid,
descending colon, and ileum) or upper endoscopy plus sig-
moidoscopy with biopsy (from the gastric antrum, gastric
body, duodenum, distal esophagus, and rectosigmoid) are
equivalent diagnostic tests for GVHD [13]. SBCE should be
considered if the above tests are negative and GVHD is clini-
cally suspected. SBCE should also be considered an alterna-
tive diagnostic test of GVHD if the patient is too sick to have
endoscopy and colonoscopy. SBCE is also helpful in evaluat-
ing rare disorders like common variable immunodeficiency
disorder (CVID - where diffuse small nodular lesions are
seen throughout the small intestine) [14], abetalipoproteine-
mia (where the entire small intestinal mucosa shows a diffuse
whitish pattern with occasional yellow areas in the absence
of any villous atrophy) [15] and intestinal lymphangiectasia
(where whitish spots due to collection of dilated lymphatics
are seen in a localized segment or diffusely) [16].

SBCE is considered as the first-line test over device-as-
sisted enteroscopy: (double balloon enteroscopy (DBE), sin-
gle balloon enteroscopy (SBE) or spiral enteroscopy (SE)) or
other imaging modalities: computerized tomography enter-
ography (CTE) or magnetic resonance enterography (MRE)
in evaluating small intestinal bleeding lesion or mucosal le-
sion for five reasons. 1) It is a non-invasive, well-tolerated
test without the need for any sedation. In contrast, device-
assisted enteroscopies are invasive tests done under sedation
or anesthesia with a higher complication rate. 2) The total
enteroscopy completion rate of SBCE is 90.6%, whereas the
total enteroscopy completion rate of device-assisted enteros-
copy is much less (DBE: 66%, SBE: 22%) [17, 18]. 3) SBCE
and DBE have similar (60% vs. 57%) diagnostic yields in
OGIB due to small bowel diseases [19]. SE has a slightly (not
statistically different) lower diagnostic yield as compared to
SBE (43.4% vs. 59.6%) in patients with OGIB [20]. 4) SBCE
can detect small bowel mucosal lesions missed by small bow-
el imaging (CTE and MRE). 5) SBCE can first localize the
small bowel lesion that can be treated or biopsied by device-
assisted endoscopy later on.

Contraindications

The contraindications of SBCE included the following: 1)
Known small bowel stenosis or stricture is a definite contrain-
dication for SBCE. A patency capsule should be administered
in patients with suspected small bowel stenosis or stricture,
known small bowel Crohn’s disease, history of small bowel
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resection, or abdominopelvic radiation. If an intact patency
capsule is excreted within 30 h, it is assumed safe to perform
SBCE [21]. In case of suspected Crohn’s disease without ob-
structive symptoms, the use of a patency capsule before SBCE
is not recommended by the European Society of Gastrointestinal
Endoscopy (ESGE) [22]. 2) Small bowel obstruction. 3)Small
bowel fistulae. 4) Cardiac devices included cardiac pacemak-
ers (PMs), implantable electromedical devices like autoimplant-
able cardiac defibrillators (AICDs), and left ventricular assist
devices (LVADs). The video capsule manufacturers (Covidien,
Olympus, Medtronic, IntroMedic, and Chongqing Jinshan Sci-
ence & Technology) and the US Food and Drug Administra-
tion (FDA) recommend that SBCE not be performed in patients
with cardiac devices. According to The American Society of
Gastrointestinal Endoscopy (ASGE), SBCE is relatively con-
traindicated in patients with cardiac devices. Several in vivo
studies investigated the electromagnetic interference between
SBCE and PMs and AICDs [23-25]. But no electromagnetic in-
terference was found between SBCE, PMs, and AICDs. Again
electromagnetic interference was not a problem between SBCE
and left ventricular assist device (LVAD) shown in a few in vivo
studies [26, 27]. Cardiac devices are no longer absolutely con-
traindicated in performing SBCE, but a multidisciplinary team
should be involved. 5) The safety of doing SBCE has not yet
been established in pregnancy. Gastrointestinal motility slows
down during pregnancy’s second and third trimesters, and an
enlarged uterus presses on the gut. These physiological changes
may also hamper SBCE [28].

Overall, SBCE is considered a safe and simple test. But
certain complications can occur as well, which are discussed
as follows.

Complications

The complications of SBCE include the following: 1) Re-
tention of the video capsule in the small bowel is the most
worrisome complication. Seventy-five percent of the capsule
reaches the cecum during the 8 h study period, and then the
capsule is excreted in the stool after 10 to 48 h [29]. Video
capsule retention is defined as a capsule remaining in the small
bowel for more than 2 weeks, needing intervention to remove
or pass the capsule [30]. The average risk is about 1-2% in
patients with OGIB, but the risk could increase to 4-5% in pa-
tients with Crohn’s disease [31, 32]. Capsule retention is also
increased in patients with obstructive tumor, NSAID-induced
enteritis, ischemic enteritis, radiation enteritis, tuberculous en-
teritis, and post-surgical stenosis [33, 34]. Most of the patients
remain asymptomatic. The ESGE recommends that capsule
retention be initially managed conservatively by medications
(e.g., cathartics, prokinetics, steroids, immunomodulators,
and biologics) in asymptomatic patients without bowel ob-
struction. If that fails, device-assisted enteroscopy should be
done to retrieve the capsule. If enteroscopy fails to retrieve
the capsule, the next step is surgical intervention (laparoscopy
or open surgery with enterotomy) to remove the capsule [22].
2) Incomplete examination of the small bowel means that the
capsule has not reached the cecum. It occurs in 15% of studies
[35]. As a result, the test needs to be repeated to avoid missing
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any small bowel lesions. Abdominal surgery, inpatient status,
and a high degree of dependency are predictive factors for an
incomplete SBCE. 3) Delayed transit: The capsule stays in
the same part of the stomach or intestine for more than 2 h,
and thus complete visualization of the small bowel becomes
incomplete. Patients with delayed gastric emptying (diabetes
mellitus, inpatient status, patients on opioids) and prolonged
small bowel transit time are at increased risk of delayed cap-
sule transit. 4) Poor quality images: During SBCE, air bubbles,
mucus, intestinal fluid, bile, and food materials in the small
bowel may decrease small bowel visualization. Male gender
and increased small bowel transit time are predictive factors
for poor quality images [36].

Prep for SBCE

On the day before the procedure, the patient should avoid tak-
ing any tobacco products and take a clear liquid diet after lunch
and bowel prep at around 6 pm. A 2L polyethylene glycol
(PEG) is the most commonly used small bowel cleansing agent
for SBCE [37]. Other cleansing agents include magnesium cit-
rate and Miralax (polyethylene glycol 3350) with Gatorade.
Kim et al did a pilot study in 2014. They found that patients
who received a combination of a coffee enema and 2L PEG
had better efficacy in cleaning the mid to distal small bowel
than patients who received PEG only [38]. Bowel prep should
be selected according to the patient’s clinical circumstances.
Patients should be nothing by mouth after midnight. On the
morning of capsule endoscopy, the patient should chew two
Simethicon tablets to reduce intraluminal bubbles and increase
the visibility of small bowel mucosa [39]. After ingesting the
video capsule, the patient needs to be nothing by mouth for
at least 2 h. A clear liquid diet is allowed 2 h after capsule
ingestion and light snack 4 h after capsule ingestion. The pa-
tient remains ambulatory but should avoid strenuous exercise
for 8 h after capsule ingestion. Patients are instructed to stay
away from any strong electromagnetic field like MRI, amateur
(HAM) radio, and airport security during this period.

Currently, there is no standardization of optimal bowel
prep for SBCE. Rosa et al did a prospective study on patients
who had bowel prep before SBCE and considered adequate
bowel prep if more than 75% of small bowel mucosa had ex-
cellent visualization [40].

Technical aspects

The small bowel (SB) capsule, also known as PillCam SB, is
similar to the shape of a pharmaceutical capsule and the size of
a large vitamin pill, measuring 11 x 26 mm and weighing less
than 4 g. The PillCam SB system consists of an SB capsule, a
data recorder, and a computer and appropriate software work-
station. A tiny wireless camera inside the SB capsule takes two
pictures/images per second as it passes through the SB and
transmits about 50,000 photos to a data recorder attached to a
belt worn around the patient’s waist throughout 8 h study peri-
od. The PillCam SB (former M2A) was the first SBCE system
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to the United States and Europe market in 2001. The viewing
angle was 1,400, the image was eight times magnified, and the
depth of view was 1 to 30 mm [41]. Over the last two decades,
PillCam SB2 and PillCam SB3 came with enhanced features.
The PillCam SB2 has better image resolution due to its wider
viewing angle (1,560 vs. 1,400), more image capture per sec-
ond (4 vs. 2), and longer battery life (9 vs. 8 h) in comparison
to the old PillCam SB [42]. The PillCam SB3 can increase the
number of images from 2 to 6 frames per second and has 30%
more image resolution than PillCam SB2. The recorded data
are stored in manual mode (four screens at 28 times speed) in
the case of PillCam SB2, whereas the recorded data are stored
in the review mode (four screens at 28 times speed) in PillCam
SB3. The software (RAPID 8.0 or 8.3 system) of the PillCam
SB3 system has at least 40% better image processing function,
interface, and video reading capability than that of the Pill-
Cam SB2 system [43]. The PillCam SB3 system is now used
in most centers.

How to read SBCE

During capsule endoscopy, the first gastric image, the first du-
odenal image, and the cecal image are marked. The reviewer
can gather an idea about gastric emptying time and the small
bowel transit time from these landmarks. He or she should
make a comment that the capsule reached the cecum. SBCE
is a passive form of endoscopy. Capsule movement depends
on gastric and small bowel motility. Gastroparesis can cause
retention of the capsule of the stomach for a long time, and as a
result, the study could be incomplete. Hyperperistalsis or rapid
transit of the small bowel can result in incomplete small bowel
evaluation or missed small bowel lesion [44]. As the capsule
moves fast in the duodenum and proximal jejunum, the risk of
missed lesions can be high in these locations [45].

Luminal contents in the small bowel cannot be suctioned
and impair visibility. The reviewer must pay close attention
while reading the images and not be distracted. The study
can be monotonous as it may take more than 1 h. The view-
ing speed should not be more than 15 frames per second to
improve the detection rate and avoid missing any significant
lesion [46]. Although the reviewer can view the study in the
single, double, or quadruple video, it is recommended to view
the study in the double or quadruple video to improve the vis-
ibility of any lesion [47]. The diagnostic yield depends on the
quality of the prep, clarity of the images, detection of the le-
sion, and interpretation of the lesion [48]. There are different
software systems to shorten the small bowel capsule reading
time. One is the QuickView mode, in which the number of
images of interest can be set as a percentage (e.g., 5%, 15%,
25%, and 35%) of all images. Shiotani et al found that the
QuickView mode could shorten the capsule reading time, but
it had an unacceptably high missed rate [49]. Another software
called suspected blood indicator (SBI) was developed to detect
bleeding in the small bowel. But the performance of SBI is
suboptimal as its sensitivity of detecting active bleeding is less
than 60% [50]. Various automated reading software and arti-
ficial intelligence are being investigated to detect small bowel
lesions during capsule endoscopy [51-53]. Currently, they are
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not approved to be used in clinical practice. The data recorder
DR3 (by Medtronic) came to the market a few years ago. Its
screen can show real-time images during capsule endoscopy.
By watching the capsule progression in the real-time viewer,
the reviewer can take appropriate action in case of gastropare-
sis and can terminate the procedure when the capsule reaches
the cecum [44]. DR3 can also improve the diagnostic yield and
capsule study completion rate.

Endoscopic Capsule Placement

Endoscopic placement of video capsule is indicated for pa-
tients with dysphagia, inability to swallow the capsule, giant
hiatus hernia, gastroparesis, and abnormal upper gastrointesti-
nal anatomy, particularly dual intestinal loop anatomy (Roux-
en-Y gastric bypass, Billroth II gastrojejunostomy, and Whip-

ple surgery) [54].
Video Capsule Delivery System

It allows endoscopic placement of a video capsule into the du-
odenum in an atraumatic way. The delivery system consists of
a plastic-covered metal fiber passed through the biopsy chan-
nel of a standard endoscope. A clear plastic cap is screwed on
the fiber, and then the video capsule is pressed into the cap.
The endoscope with the frontloaded capsule is then introduced
through the mouth into the esophagus and further advanced
into the duodenal bulb. The capsule is released from the cap
by pulling a handle outside the endoscope that moves the stiff
inner wire into the cap [55].

Video CCE

CCE is another new test modality by which the colon mucosa
can be visualized directly by a video capsule. Like SBCE, the
patient swallows the video capsule that travels through the
gastrointestinal tract into the colon by peristalsis. Images are
acquired and transmitted to a data recorder attached to a belt
worn around the patient’s waist. Then they are converted into
a video format to be viewed on a computer.

Prep for CCE

It is difficult to do adequate colon cleansing for CCE. There
are different regimens of colon cleansing adopted in various
centers. One regimen is: the patient is placed on a low resi-
due diet for 3 days before the procedure and a clear liquid diet
the day before the procedure. The patient ingests polyethylene
glycol (PEG) solution 2 L in the evening before the day of the
procedure and 2 L on the morning of the procedure. The patient
swallows the video capsule around 9 am on the day of the pro-
cedure. A real-time viewer is used, and when the video capsule
reaches the small bowel, the data recorder vibrates and buzzes
and gives instructions on the liquid crystal display (LCD). A
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booster dose of SUPREP (6 0z added to 10 oz of water) is
given. The real-time viewer follows the further progression of
the video capsule. A second booster dose of SUPREP (3 oz
added to 5 oz water) is given to the patient if the video capsule
is not excreted within 3 h of ingestion of the first booster dose.
If the video capsule remains in the colon 2 h after ingestion of
the second booster dose of SUPREP, 10 mg of bisacodyl sup-
pository is given [56]. Oral sodium phosphate (NaP) was used
as the booster solution in some studies [57, 58].

Meta-analysis showed that adequate bowel cleansing is
possible in 77% of cases, as washing and suction are impos-
sible during CCE [59].

CCE is nowadays performed by a second-generation pill-
Cam COLON capsule 2, also called CCE-2, which has two
cameras, each having a viewing angle of 1,720, giving nearly
3,600 views. The CCE-2 is 11.6 x 31.5 mm in size and con-
tains a battery life-saving adaptive function. It takes four im-
ages per second when virtually static and 35 images per second
when in motion. Instead of going into sleep mode, it takes 14
images per minute until the small bowel is recognized when it
goes into adaptive frame mode. When CCE is viewed, polyp
size can be estimated [60]. In one study, seven out of 11 small
polyps (< 6 mm) detected by optical colonoscopy were seen by
CCE [61]. Another study showed the sensitivity and specific-
ity of detecting colon polyp > 6 mm by CCE-2 were 81% and
93%, respectively [62].

Indications of CCE

The USFDA approved CCE in 2014 to detect colon polyp
only in patients with incomplete colonoscopy [63]. In 2017,
the Multi-Society Task Force (MSTF) representing the Ameri-
can College of Gastroenterology, American Gastroenterology
Association, and American Society of Gastrointestinal Endos-
copy recommended CCE every 5 years as the third tier test for
colon cancer screening. The ESGE also recommends CCE as
a screening test for colon cancer screening in average-risk in-
dividuals when optical colonoscopy is contraindicated, vehe-
mently opposed by the patient, or technically impossible [64].

How to read CCE

The video is downloaded at the workstation. Then the CCE
images are viewed the same way SBCE images are viewed.
Generally, it takes a much longer time to read CCE images
than SBCE images.

Contraindications and complications of CCE

The contraindications and complications of CCE are similar
to those of SBCE, as mentioned above [65]. Besides those,
some difficulties related to taking bowel preparation can occur,
including abdominal pain, nausea with or without vomiting,
and rarely Mallory-Weiss tear. In about 4.1% of cases of CCE,
these adverse events can occur [59].

www.gastrores.org



Ahmed

Gastroenterol Res. 2022;15(2):47-55

ECE

Diagnostic implications

PillCam ESO was developed by Given Imaging and approved
by the FDA in 2004. Functional modification of the capsule
can allow visualization of the mucosal surface of the esopha-
gus. Diseases like esophagitis, Barrett’s esophagus, esopha-
geal cancer, and esophageal varices can be detected by ECE.
In one study, the sensitivity and specificity of ECE in detecting
esophagitis were 79% and 94%, whereas the sensitivity and
specificity of recognizing Barrett’s esophagus were 60% and
100%, respectively [66]. McCarty et al did a systemic review
and meta-analysis in patients with portal hypertension. The di-
agnostic pooled sensitivity and specificity of detecting esopha-
geal varices were 83% and 85%, respectively. The diagnostic
accuracy of grading medium to large varices was 92% [67].
ECE can be an option for patients who are unwilling or unable
to have an endoscopy. But ECE is not widely available and is
much more expensive than optical endoscopy.

Technical aspects

Two lenses at each end of the PillCam ESO (first generation)
can take 18 images per second for about 30 min. Its shape,
size, and weight are similar to PillCam SB2. PillCam ESO
(third-generation) can take 35 pictures per second and has a
wider angle of view of 1,740 [68]. The images are transmitted
to the recorder via three sensors on the chest.

Procedure protocol

Fasting for at least 2 h is required. First, the patient drinks 100
mL of water in a standing position. Then he or she swallows
the capsule in the supine position. The patient can sip 10 mL of
water at this time. The recording is done in the supine position
for 2 min, at a 300° inclined position for 2 min, and at a 600°
inclined position for 1 min. Then recording is done in a stand-
ing position for 15 min.

Limitations of VCE

SBCE, CCE, and ECE are passive endoscopic procedures.
The video capsule traverses passively by the peristaltic move-
ment of the gastrointestinal tract. Lesions can be missed be-
hind the mucosal folds. The video capsule does not have any
suction power. So, visualization can be poor due to mucus,
food, or blood.

Although SBCE, CCE, and ECE are excellent diagnostic
tests, they are not therapeutic.

Biopsy cannot be taken from any suspected lesions.

Both SBCE and CCE require bowel preparation, but the
bowel prep protocol is complicated and prolonged in CCE.

Air insufflation is necessary for good visualization of the
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esophagus and recognition and grading of esophagitis, Bar-
rett’s esophagus, and esophageal varices. As a result, the sensi-
tivity of diagnosing these lesions by ECE is low.

Unmet Needs

Pan-enteric VCE: Video capsule with long battery life can
visualize the whole small bowel and colon. Recently, a new
pan-enteric Crohn’s capsule (PCC) has been developed. In a
feasibility study, PCC was used to assess and follow up dis-
ease extent and activity. After bowel preparation, all estab-
lished Crohn’s patients were evaluated by a patency capsule,
and if that was satisfactory, the PCC system was used. It al-
lowed efficient visualization of mucosal inflammation and
healing [69]. PCC system can be a cost-effective alternative
to colonoscopy + MRE for surveillance patients with Crohn’s
disease [70].

Most of the Gastroenterology Fellowship Programs train
the fellows about SBCE. ASGE organizes some formal cours-
es. ACG also offers online modules on capsule endoscopy.
There should be more accredited training courses to teach the
practicing gastroenterologists who are not fellowship-trained
in SBCE, CCE, and ECE. The training program should com-
prise didactic lectures and hands-on training. It should also
test proficiency in reading before certifying the trainee. The
findings of the trainee should correlate 90% or more with the
reports of a credentialed capsule endoscopist [71]. CCE and
ECE are not widely available, possibly because of limited in-
dications, limited resources, and lack of training.

The video capsule reader should be confident in both the
examination’s endoscopic abnormalities and technical aspects.

Gastrointestinal capsule biopsy: A magnetic capsule endo-
scope carrying untethered microgrippers with biopsy capabil-
ity was proposed. This innovative technology is not yet avail-
able for clinical use [72].

Capsule Endoscopy and Artificial Intelligence

It takes a significant amount of time to review the images tak-
en during capsule endoscopy. Artificial intelligence is being
tested to reduce the review time and get the precise diagno-
sis without missing any lesion. Deep learning-based methods,
particularly convolutional neural networks (CNNs), were ap-
plied in capsule endoscopy to detect bleeding, angioectasia,
ulcer, cancer, and hookworms. The sensitivity and accuracy of
detecting these lesions were close to 100% [73].

Conclusions

VCE has tremendously improved the diagnostic approach in
gastroenterology. The new knowledge about VCE is that the
mucosal lesions of the small intestine, colon, and esophagus
can be visualized wirelessly by this technology. The newer
video capsules have better image processing functions and
longer battery life. SBCE is the first-line test for visualization
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Table 1. Indications, Contraindications and Complications of SBCE, CCE, and ECE

Procedure Indications

Contraindications

Complications

SBCE Obscure gastrointestinal bleeding and iron deficiency anemia Small bowel stricture. Retention of the video
when EGD and colonoscopy are negative. Known celiac disease Small bowel obstruction. capsule in the small
with unexplained symptoms even after adequate treatment. Small bowel fistulae. bowel. Incomplete
Surveillance of patients with polyposis syndromes and small bowel Cardiac devices: PM, examination of
tumors. Evaluation of NSAID-induced enteropathy. Evaluation AICD, LVAD (relative the small bowel.
of acute GVHD. Evaluation of extent of primary gastrointestinal contraindications as per Delayed transit. Poor
lymphoma. Evaluation of patients with rare disorders like CVID, ASGE). Pregnancy. quality images.
abetalipoproteinemia and intestinal lymphangiectasia.

CCE To detect colon polyp only in patients with incomplete Similar to those of SBCE. Similar to those of
colonoscopy. Colon cancer screening in average-risk SBCE. Complications
individuals as the third tier test every 5 years. related to bowel prep.

ECE Evaluation of esophagitis, Barrett’s esophagus, esophageal Similar to those of No known
cancer, and esophageal varices for patients who are SBCE. Dysphagia. complication.

unwilling or unable to have an endoscopy.

Esophageal stricture.

SBCE: small bowel capsule endoscopy; CCE: colon capsule endoscopy; ECE: esophageal capsule endoscopy; EGD: esophagogastroduoden-
oscopy; NSAIDs: non-steroidal anti-inflammatory drugs; GVHD: graft vs. host disease; CVID: common variable immunodeficiency disorder; PM:
pacemaker; AICD: autoimplantable cardiac defibrillator; LVAD: left ventricular assist device; ASGE: American Society of Gastrointestinal Endoscopy.

of small bowel mucosal lesions. SBCE is most commonly used
in clinical practice for various indications, particularly obscure
gastrointestinal bleeding and iron deficiency anemia when
EGD and colonoscopy do not reveal any bleeding source. CCE
is comparable to optical colonoscopy in detecting colon pol-
yps. CCE is done mainly in patients with incomplete screening
colonoscopy. It has also been approved as a third-tier test for
colon cancer screening. ECE is rarely done to detect esophagi-
tis, Barrett’s esophagus, and esophageal varices when patients
are unable or unwilling to have optical esophagoscopy. The
various indications, contraindications, and complications of
SBCE, CCE, and ECE are summarized in Table 1. It is rec-
ommended that physicians apply this knowledge before con-
sidering VCE. Patients need bowel prep for both SBCE and
CCE. PCC is coming mainly for surveillance of patients with
Crohn’s disease. Artificial intelligence is also on the horizon
to reduce review time and human error and achieve a more
accurate diagnosis. The capsule reader should be well trained
and cognizant of capsule endoscopy’s technical and diagnostic
aspects. Innovative technology capable of doing gastrointesti-
nal capsule biopsy is still experimental.
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