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Abstract: Since its introduction in 2000, capsule endoscopy (CE) has undergone various improvements,
with several CE types currently available across the globe. This review focuses on the current status
and expected future developments in small-bowel CE (SBCE) and colon CE (CCE). In addition to the
demonstrated efficacy of SBCE in identifying the source of bleeding in obscure gastrointestinal bleeding
(OGIB), the advent of patency capsules allowed the use of SBCE as a feasible option in patients with Crohn’s
disease (CD), with several studies demonstrating the efficacy of SBCE in assessing CD activity. Following
its first use in 2006, second-generation CCEs with the adaptive frame rate function, which automatically
recognizes the movement speed of the capsule and accelerates the frame rate, are currently used worldwide.
The utility of CCE in detecting colorectal polyps and assessing disease activity in ulcerative colitis (UC) has
been reported. Recent efforts are focused on the development in artificial intelligence-based reading systems
for CE images. Although there are currently few commercially available systems, several convolutional
neural network-based models have been reported to detect small intestinal mucosal disorders, including
erosions and ulcers, angioectasia, blood, polyps, celiac disease, and parasites. Further research is expected to

reduce the burden of reading CE images on clinicians.
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Introduction and assessment of disease severity in patients with ulcerative

Capsule endoscopy (CE) has evolved since the first report colitis (UC). Numerous recent studies on artificial

of small-bowel CE (SBCE) by Iddan ez «/. in 2000 (1).
Several SBCE types are in current use worldwide, and
colon CE (CCE) approaches have also been developed.

intelligence (AI)-based reading systems for CE suggest that
these new technologies may reduce the burden of reading
on clinicians. This review summarizes the current status of

The evolution of CE has improved the ability to inspect the
entire gastrointestinal tract in a noninvasive manner. SBCE
has been reported to be useful in obscure gastrointestinal
bleeding (OGIB) and Crohn’s disease (CD), whereas CCE
has demonstrated utility in polyp/colon cancer detection
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SBCE and CCE and the recently emerging role of Al in
CE. We conducted a survey based on articles searchable in
English since 2000 by PubMed. We present the following
article in accordance with the narrative review checklist

(available at http://dx.doi.org/10.21037/dmr-20-162).
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Figure 1 Angioectasia observed by small-bowel capsule endoscopy.

SBCE

SBCE, which was introduced into clinical practice in 2000
for the diagnosis of small intestinal diseases, has been used
for the diagnosis of various gastrointestinal diseases (1). It
is swallowed and passes through the gastrointestinal tract
passively via peristalsis and that the images are downloaded
from the data recorder to a computer for later review. In
those patients unable to swallow the capsule, or in those
with gastroparesis, the capsule can be placed endoscopically
into the duodenum. The two capsules approved for SBCE
in Japan are PillCam® (Medtronic, Yokneam, Israel) and
EndoCapsule® (Olympus, Tokyo, Japan).

The first SBCE was performed using M2A® by Given
Imaging (Yokneam, Israel), which was later renamed as
PillCam® SB (2), which is 11 mm x26 mm in size and can
capture two images/second with a 140-degree angle of
view. The captured images are sequentially transmitted
to a recorder mounted outside the body. PillCam® SB2 is
the second-generation small-bowel capsule with improved
features, including 156-degrees angle of view, automatic
light control, and higher-resolution camera, although it
is similar in size to PillCam® SB (3,4). In addition, the
battery life has been improved from about eight hours in
PillCam® SB to about 12 hours in PillCam® SB2, leading to
improvement in the rate of total small bowel observation.
However, the limited ability to diagnose diseases in the
proximal small bowel is a limitation of SBCE (5-7); the
third-generation PillCam® SB3 was developed to resolve
this issue. PillCam® SB3 has the same size and angle of
view as PillCam® SB2 but contains a higher-resolution
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camera and an adaptive frame rate (AFR) function, which
evaluates the movement speed of the capsule and changes
the shooting speed between 2 and 6 frames/second (fps).
However, in a retrospective study comparing PillCam® SB2
with PillCam® SB3, the completion rate (93.6% vs. 96.2%,
P=0.27) and overall endoscopic findings (73.4% wvs. 78.8%,
respectively, P=0.23) were not significantly different,
reflecting that the diagnostic performance was comparable
between the two capsule endoscopes (8).

The first-generation EndoCapsule® was introduced
in 2008 (9), and the second-generation EndoCapsule
(EndoCapsule® 10) is currently in use (10). EndoCapsule®
10 is 11 mm x26 mm in size, has a 160-degree angle of
view, 12 hours of battery life, and sequentially transmits the
captured images to the recorder outside the body.

Other capsule endoscopes for the small bowel used across
the globe are MiroCam® (IntroMedic, Seoul, Korea) (11,12),
OMOM Capsule2® (Jinshan Science and Technology,
Chongging, China) (13,14), and CapsoCam® (CapsoVision,
Saratoga, CA, USA) (15-17).

In Japan, the indications for CE were initially limited
to patients with OGIB who were had negative findings
by esophagogastroduodenoscopy and colonoscopy, due
to the risk of capsule retention (18). In 2012, patency
capsules (PillCam® patency) were approved by the
Ministry of Health, Labor, and Welfare of Japan and
the indications of CE were expanded to include patients
with known or suspected small bowel disease based on
a previous gastrointestinal patency test using PillCam®
patency capsules in patients with suspected gastrointestinal
strictures. However, even in use of patency capsule, the
indication of CE should be evaluated. Contraindication
of CE are severe gastrointestinal stenosis, intestinal
obstruction, pacemaker implantation, dysphagia, history of
abdominal radiation, pregnant women, and patients who do
not consent to undergo capsule endoscopic retrieval in case
of retention.

Utility of SBCE in OGIB

OGIB is defined as gastrointestinal bleeding from a
source that cannot be identified by upper and lower
gastrointestinal endoscopy. Small-bowel bleeding is
suspected in most cases of OGIB and accounts for about
5% of all gastrointestinal bleeding cases (19,20). The most
frequently reported source of bleeding is small intestinal
angioectasia (Figure 1), followed by erosive/ulcerative
lesions (Figure 2), neoplastic lesions, and CD. The most
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Figure 2 Erosion observed by small-bowel capsule endoscopy.

Figure 3 Mucosal lesion of Crohn’s disease observed by small-

bowel capsule endoscopy.

frequently reported vascular lesions are histopathologically
classified into three types: lesions with venous and
capillary characteristics (angioectasia), lesions with arterial
characteristics (Dieulafoy’s lesions), and lesions with
both arterial and venous characteristics [arteriovenous
malformations (AVMs)] (21). Based on this classification,
Yano et al. categorized small intestinal vascular lesions into
six types, taking into account the presence of pulsatility and
lesion size on endoscopic findings (21). This classification
is also useful in selecting the appropriate intervention
to achieve endoscopic hemostasis because argon plasma
coagulation, clipping, and surgery or arterial embolization

are appropriate for angioectasia (Type 1), Dieulafoy’s
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lesions (Type 2), and AVMs (Type 3), respectively. Because
this classification is designed for enteroscopy, establishing
a diagnosis based on the presence of pulsatility is difficult
with CE, which does not allow continuous observation
of a certain area. However, it is important to understand
this classification based on pathology. Any vascular lesion
detected by SBCE should be evaluated by subsequent
balloon-assisted enteroscopy (BAE).

The reported diagnostic yield of SBCE in identifying the
source of bleeding in OGIB ranges between 30% and 70%
(22-31). Additionally, various factors have been reported
to be associated with diagnostic yield in CE. Specifically,
capsule administration within 48 hours after overt OGIB
was reported to be associated with a favorable diagnostic
yield (32). Further, Sidhu er a/. reported that anti-
coagulation therapy, hepatic comorbidity, and increasing
age were associated with a positive yield (23). Lepileur ez al.
also found that age over 60 years, male sex, history of overt
bleeding, and recent hospitalization were associated with
improved diagnosis of OGIB using SBCE (33).

Different diagnostic algorithms for OGIB have been
proposed in different countries across the globe, with
most algorithms recommending SBCE as the first-
line diagnostic modality for OGIB (34-38). The OGIB
diagnostic algorithm proposed by the Japanese Society
of Gastrointestinal Endoscopy in 2017 recommends that
contrast-enhanced computed tomography (CT) from the
chest to the pelvic region should be considered as first-
line modality and that BAE should be considered in the
presence of a bleeding source identified by CT (18). SBCE
is recommended in the absence of an overt bleeding source
on CT, and oral or trans-anal BAE is selected from the
SBCE findings in patients with positive SBCE findings.

Utility of SBCE in CD

CD is a chronic inflammatory bowel disease characterized
by longitudinal ulcers and cobblestone appearance
throughout the gastrointestinal tract from the oral cavity to
anus. Histologically, CD is characterized by non-cavitary
epithelioid granulomas. Longitudinal aphthoid lesions/
ulcers (Figure 3) and discrete ulcers, which are observed in
the early stages of CD’s natural history, fuse and develop
into longitudinal ulcers and cobblestone appearance, and
many patients eventually require surgical treatment due to
complications such as strictures, fistulas, and abscesses (39).
Patients with CD who undergo active intervention with ileal
resection based on the results of endoscopic monitoring
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were reported to have a favorable prognosis (40), and also
"Takabayashi et a/. reported that endoscopic evaluation of
mucosal healing in the deep small intestine is important for
CD prognosis (41); therefore, the evaluation of small-bowel
lesions is considered to be an important component in
improving the diagnosis and treatment of patients with CD
who often harbor small-bowel lesions.

In Japan, SBCE was initially contraindicated in CD due
to the risk of capsule retention resulting from intestinal
stenosis. Following the introduction of PillCam® patency
capsule in 2012, SBCE can currently be performed only
in patients with CD and confirmed small-bowel patency.
Mucosal CD lesions in jejunum, which were previously
considered to occur in low frequency, are increasingly
identified with the advent of SBCE (42). Esaki et al.
compared the SBCE findings of 63 patients with CD to
those of 45 patients without CD and reported that the rates
of longitudinal ulcers, cobblestone appearance, irregular
ulcers, and irregular or linear erosions were significantly
higher in those with CD than in those without CD (43).
In addition, longitudinal and cycloid arrangements of
small lesions such as aphthae and erosions were frequently
observed in the duodenum and jejunum of patients with
CD, suggesting that SBCE might be useful for the early
diagnosis of CD by focusing on the distribution and
arrangement of small intestinal mucosal lesions.

PillCam Crohn’s (Medtronic, Israel) is a recently designed
capsule endoscope designed to view the small bowel and
colon. PillCam Crohn’s has two cameras, each with a
168-degree angle of view, allowing for a 336-degree view.
The capsule endoscope has an AFR that can be adjusted to 4
or 35 fps and is designed to operate in a mode that provides
complete coverage of the small intestine as well as the colon.
Leighton et al. conducted a study to compare the diagnostic
yield of ileocolonoscopy to SBCE with PillCam Crohn’s (44)
and found that the per-patient diagnostic yield in active CD
was better with SBCE compared to ileocolonoscopy (83.3%
vs. 69.7%). There were 12 and 3 patients whose lesions
were detected by SBCE alone and ileocolonoscopy alone,
respectively. In addition, it is difficult to determine the
diagnosis of CD based on the presence of ulcers alone, and
it is also important to interview patients about their history
of use of NSAIDs and other drugs that may cause mucosal
damage. Therefore, further studies are needed to determine
the utility of CE in CD.

In addition, two scoring methods, capsule endoscopy
CD activity index (CECDAI) (45) and the Lewis
score (46), have been used to evaluate CD severity using
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SBCE. In CECDAI, first proposed for small-bowel lesions
in CD by Gal ez a/. in 2008 (45), the small intestine is
divided into the proximal and parenchymal segments based
on the transit time and is evaluated based on inflammation,
extent, and stricture scores. In the study, CECDAI
correlates well between readers but not with CD activity
index (CDAI) or inflammatory bowel disease questionnaire
(IBDQ). Future studies are expected to compare the recently
proposed CECDAlic, which includes colorectal score (47)
in addition to the other variables included in CECDAI, with
other scoring modalities. The Lewis score, introduced by
Gralnek ez 4/. in 2008 (46), evaluates inflammatory changes
in the small intestinal mucosa based on three parameters:
edematous changes in villi, ulceration, and stenosis. The
Lewis score was reported to have a diagnostic sensitivity of
89.5% and specificity of 78.9% in patients with suspected
CD. Meanwhile, the correlation of biomarkers such as
fecal calprotectin and C-reactive protein with the Lewis
score and CECDALI is controversial and should be further
investigated (48-52).

CCE

CCE was first reported by Eliakim ez 4/. in 2006 (53). The
improved second-generation capsule for CCE [PillCam®
Colon2 (CCE-2), Medotronic] is 11.6 mm x31.5 mm in
size, 5 mm larger than SBCE, and has cameras on both
sides. Since the viewing angle of the cameras at both ends
is 172°, the total viewing angle is 344°, very close to 360°.
The first-generation CCE could only capture 4 fps, and
the results of large-scale clinical trials on first-generation
CCE in Europe and the United States were not satisfactory,
based on a sensitivity of 64% for CCE in diagnosing
colorectal polyps >6 mm (54). The CCE-2 was launched
after improvements were made to resolve the short
transverse colon passage time of few seconds. To address
this oversight, the CCE-2 is equipped with an AFR function
that can automatically recognize the movement speed of the
capsule and change the frame rate between 4 and 35 fps by
communicating with the data recorder attached to the body.
With this feature, the number of captured images can be
increased in places where the capsule moves quickly and can
be reduced in places where it stagnates. Using a software for
reading coupled with a data recorder allows the estimation
of polyp size and real-time monitoring of capsule images.
Contraindications of CCE-2 are suspected gastrointestinal
obstruction, stenosis, or fistula; implantation of a medical
electrical device such as a cardiac pacemaker; dysphagia; and
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Figure 4 Colon polyp observed by colon capsule endoscopy.

Figure 5 Inflamed mucosa of ulcerative colitis observed by colon

capsule endoscopy

allergies or known contraindications to the medications and
preparation agents used in the procedure.

Utility of CCE in polyp detection

Multicenter studies in Europe and the United States have
demonstrated that CCE-2 is effective in screening for
colorectal cancer and polyps (Figure 4) (55). The first-
generation capsules for CCE, which did not have the AFR
function, had a sensitivity of 39-79% for colorectal polyps
>6 mm (54,56-59). However, CCE-2 is associated with
improved rate of diagnosis, with a reported sensitivity of
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81-94% and specificity of 64-94% for colorectal polyps
>6 mm (60-66). In 2009, Eliakim ez /. conducted a study
comparing CCE-2 and CS in 104 patients and reported that
the sensitivity and specificity of CCE-2 were 89% [95%
confidence interval (CI): 70-97%] and 76% (95% CI: 72—
78%), respectively, for polyps >6 mm (60). Subsequently,
in a large study of 695 patients, Rex et a/. reported good
results with CCE-2 based on a sensitivity of 81% (95%
CI: 77-84%) and specificity of 93% (95% CI: 91-95%) for
polyps >6 mm (61). CCE-2 was also compared with CT
colonography for polyp detection. Rondonotti ez /. reported
that the sensitivity and specificity of CCE-2 were 88.2%
(95% CI: 62.2-97.9%) and 87.8% (95% CI: 70.8-96.0%),
respectively, for polyps >6 mm; the authors also found that
the sensitivity and specificity of CT colonography (88.2%
[95% CI: 62.2-97.9%] and 84.8% [95% CI: 67.0-94.0%])
were closely comparable to those of CCE-2 (65). In non-
polypoid tumors, the sensitivity of CCE-2 was 87%, which
was higher than that of CT colonography (67%) (66).

As mentioned above, CCE has demonstrated good
efficacy in polyp detection; however, one major issue with
CCE is the low overall colorectal observation rate. For
example, Kobaek-Larsen ez a/. and Ota et 4l. reported CCE
completion rates of 54% and 75%, respectively (67,68).
One study reported that the sensitivity of CCE in advanced
colorectal cancer was 85%; all undetectable cases were those
in which the CCE did not reach the lesion (68). Therefore,
future efforts should include the development of better
pretreatment protocols that will increase total colorectal
observation rate to improve the lesion detection rate

by CCE.

Utility of CCE in UC

The efficacy of CCE-2 in inflammatory bowel disease
has been reported in several studies. UC is a colonic
inflammatory condition of unknown etiology that is
characterized by repeated remissions and exacerbations
(Figure 5). Since repeated colorectal examinations are
required for the diagnosis and treatment of UC, CCE is a
suitable monitoring tool due to its noninvasiveness in these
patients. Endoscopy plays several important roles in the
treatment of UC, including diagnosis at the time of initial
diagnosis, determination of treatment efficacy, monitoring
of inflammation, and surveillance for colorectal cancer.
Importantly, endoscopic mucosal healing has been recently
implicated in the long-term prognosis of long-term clinical
remission, avoidance of bowel resection, and steroid-free
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clinical remission, further highlighting the importance of
endoscopic diagnosis (69). The risk of colorectal cancer
increases with increasing disease duration and more
extensive inflammation, especially in patients with UC (70).
A meta-analysis reported an overall colorectal cancer
incidence rate of 3.7% (95% CI: 3.1-4.2%) in patients
with UC (71), therefore, a colonoscopy every 1-2 years is
generally recommended. CS, the gold standard to evaluate
disease status in patients with UC, allows the determination
of the nature, extent, and extent of diffusely spreading
colorectal lesions. On the other hand, the invasiveness of
CS and patient compliance may have a negative impact;
the reported testing rate in long-term patients with
inflammatory bowel disease is only 54% after four years
of observation (72). In addition, in patients with clinically
severe UC, total colonoscopy may not be possible due to the
risk of worsening disease or perforation. Since CCE does
not cause pain and does not require sedation or insufflation,
the intestinal mucosa can be observed noninvasively,
moreover the lesion site is limited to the colon, the
application of CCE was considered in UC. In addition,
the follow-up of patients with UC for confirmation of the
treatment effect and evaluation of disease severity, among
other aspects, can be performed with a lighter pretreatment,
as only the evaluation of the degree of inflammation and
the extent of disease are necessary in diffusely spreading
lesions. A representative study using first-generation CCE
in patients with UC is by Sung et 4/. (73), who reported
that the sensitivity and specificity of first-generation CCE
to detect active UC lesions were 89% (95% CI: 80-95%)
and 75% (95% CI: 51-90%), respectively. Therefore, the
authors did not recommend first-generation CCE as an
alternative to colonoscopy, although CCE has been currently
shown to be a safe approach. In 2013, in a study comparing
first-generation CCE with CS in patients with UC, Ye ez al.
reported that both CCE assessment of active lesion severity
(k=0.751, P<0.001) and the lesion extent (k=0.522, P<0.001)
were significantly correlated to CS assessment of them (74).
Additionally, San et 4l. reported that first-generation CCE
findings about lesion severity (k=0.79; 95% CI: 0.62-0.96)
and inflammation extent (k=0.71; 95% CI: 0.52-0.90)
exhibited good correlation with colonoscopy findings (75).
For CCE-2, we first reported it in 2013 (10). In that
study on Japanese patients with UC, we also explored
pretreatment methods, including 2L PEG and prokinetics
(mosapride citrate and metoclopramide), which is the
standard pretreatment method for enterography in Japan.
However, the total colon observation rate of 69% was
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unsatisfactory and good colon cleansing was not observed
in the 4-step evaluation of colon cleansing (76). Conversely,
there was a high correlation between the Matts’ endoscopy
score based on the evaluation of CCE-2 images and the
CS findings (P=0.797) (77). In a study of 108 patients with
UC (78), although the number of patients in that study
who had a complete examination was somewhat low at
67%, they reported that the Mayo endoscopic subscore
(79) determined by CCE-2 was highly correlated to that
determined by CS (intraclass correlation coefficient 0.69,
95%CI 0.46-0.81; P<0.001). The study also reported a high
correlation of CCE-2 and CS in the UC endoscopic index
of severity (UCEILS) (80) (intraclass correlation coefficient
0.64, 95% CI: 0.38-0.78; P<0.001) and concluded that the
CCE-2 was a reliable tool for monitoring UC.

The UCEIS (81) and the Mayo endoscopy score (79) are
used to evaluate the severity of UC in CS. Due to the lack
of scoring systems to assess UC-related inflammation and
given that CCE has several distinct features compared to
CS, we have recently developed a new UC severity score
termed capsule scoring of UC (CSUC) to specifically assess
inflammation associated with UC by CCE and verified its
utility (81). The correlations observed between CSUC and
various tests, such as fecal calprotectin, C-reactive protein,
and Lichtiger clinical score (82), were closely comparable
to those observed with UCEIS determined by CS. Future
studies are expected to evaluate the utility of CSUC in real-
world clinical practice.

Al systems in CE

The development of CE has facilitated the noninvasive
evaluation of lesions in the small intestine and colon.
However, since CE captures as many as 50,000 images per
patient, image evaluation is an extremely time-consuming
and difficult task for clinicians. In addition, the risk of
oversight should be fully considered in cases where rare
abnormal findings need to be identified among a large
number of images. Therefore, various reading software,
such as the QuickView mode and Suspected blood indicator
(SBI) in the PillCam® system and the Omni mode in the
EndoCapsule® system, have been developed to reduce
reading time. Recent studies have evaluated Al-based image
detection of CE (83,84).

Convolutional neural network (CNN), a deep-learning
model that mimics the visual cortex of living organisms has
high pattern recognition capability for images based on
training using many images. Therefore, to automatically
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Table 1 Studies investigating artificial intelligence in capsule endoscopy
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Number of training/ Sensitivity Specificity Accuracy

Author (year) Target findings Capsule system test images (%) (%) (%)
lakovidis [2014], (85)  Lesion detection MiroCam® 1,370/137 95.4 82.9 94.0
Segui [2016], (86) Scene classification (ex. Bubble, PillCam® SB2 100,000/20,000 - - 96.0
Wrinkle, Clear blob, bleeding, celiac
disease, polyps and Crohn’s disease)
Jia [2016], (87) Breeding - 8,200/1,800 99.2 - -
Yuan [2017], (88) Polyp - 4,000/- - - 98.0
Zhou [2017], (89) Celiac disease PillCam® SB2 400/- 100 100 -
He [2018], (90) Hookworm - 440,000/11-fold 84.6 88.6 88.5
cross-validation
lakovidis [2018], (91)  Gastrointestinal abnormalities - 2,352/10-fold - - 90
cross-validation
Fan [2018], (92) Erosion/ulcer PillCam® 12,910/8,250 93.67; 95.98; 95.34;
96.80 94.79 95.16
Aoki [2019], (93) Erosion/ulcer PillCam® SB2/SB3 5,360/10,440 88.2 90.9 90.8
Alaskar [2019], (94) Ulcer - 336/105 100 100 100
Leenhardt [2019], (95) Angioectasia PillCam®SB3 600/600 100 96.0 -
Ding [2019], (96) Various abnormalities Ankon CE system  158,235/113,268,334 95.4 96.99 -
Wang [2019], (97) Ulcer Ankon CE system 32,919/9,924 89.71 90.48 90.10
Blanes-Vidal [2019], (98)Colorectal polyps PillCam® Colon2 11,300/~ 97.1 93.3 96.4
Tsuboi [2020], (99) Angioectasia PillCam® SB2/SB3 2,237/10,448 98.8 98.4 -
Aoki [2020], (100) Blood content PillCam® SB2/SB3 27,847/10,208 96.63 99.96 99.89
Aoki [2020], (101) Various abnormalities PillCam® SB2/SB3 66,028/5,050,226 - - -
Klang [2020], (102) Ulcer in Crohn’s disease PillCam®SB3 17,640/5-fold 92.5-97.1 96.0-98.1 95.4-
cross-validation 96.7
Saito [2020], (103) Various abnormalities PillCam® SB2/SB3 30584/17507 90.7 79.8 84.5
Otani [2020], (104) Various abnormalities PillCam® SB2/SB3 39,963/5-fold 13.7-87.3 90.4-99.9 89.8-
cross-validation 99.7

detect lesions in CE, the CNN should be trained on
a large number of images to build an image diagnosis
system with high diagnostic accuracy. However, collecting
endoscopic images from many patients with the same
disease is challenging due to the variety of lesions and the
rarity of many diseases. In addition to the low resolution
and light intensity, the images obtained by CE are affected
by intestinal contents such as food residue, bile, and foam,
which hinder the collection of a large number of good-
quality images suitable for training and creation of a highly
accurate system.

© Digestive Medicine Research. All rights reserved.

Most of the currently reported Al reading systems for
CE are for SBCE, and models have been reported to detect
small intestinal mucosal disorders (i.e., erosions and ulcers),
angioectasia, blood, polyps, celiac disease, and parasites
(Table 1). Aoki et al. developed a reading system for mucosal
disorders (i.e., erosions and ulcers) by training a CNN
model with 5,360 images. The authors tested the system’s
ability to detect erosions and ulcers using 10,440 images and
reported a sensitivity of 88.2%, specificity of 90.9%, and
accuracy of 90.8% (93). In a study on angioectasia, Tsuboi
et al. reported that a CNN model trained on 2,237 images
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had a sensitivity of 98.8% and a specificity of 98.4% (99).
Ding et al. trained a CNN model on 158,235 capsule
images, including abnormal findings such as inflammation,
ulcers, polyps, lymphangiectasia, blood, lymphatic follicles,
diverticula, and parasites, as well as normal images, and
reported that the sensitivity and specificity of their Al-based
detection system were 95.4% and 96.9%, respectively (96).

More recently, several studies were performed to verify
the detection power of reading models for full videos.
Ding et al. compared the lesion detection rate and reading
time between CNN-extracted field images and normal
images, both analyzed by an endoscopist, in 5,000 CE cases,
including 3280 cases with abnormal findings, using a model
developed to detect abnormalities in CE (96). The authors
found that the endoscopist read an average of 578 CNN-
extracted images, which was significantly less than the 22,654
images with regular reading. The mean reading time for
CNN-extracted images was significantly shorter than that
for the regular reading (96.9 vs. 5.9 minutes). The study also
demonstrated that the detection sensitivity of reading only
CNN-extracted images was significantly higher than that
of normal reading (sensitivity per lesion, 99.9% vs. 76.89%;
sensitivity per video, 99.88% wvs. 74.57%), suggesting that
the rate of detecting abnormal findings was higher and the
reading time was shorter with the reading of CNN-extracted
images, which may reduce the reading cost of CE.

Future perspectives

SBCE and CCE are useful for the diagnosis of various
diseases, with recent studies focusing on the utility of Al-
based methods in the analysis of images captured by CE.
there are currently no CNN-based image reading systems
in practice although numerous studies suggest its utility in
reading capsule endoscope images. The versatility of CNN-
based image reading systems should be evaluated using
full videos of multiple endoscopic systems. In addition,
since previous studies were retrospective in design and may
contain various biases, randomized-prospective studies are
necessary to verify its utility.
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