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Abstract: Image-enhanced endoscopy is useful for diagnosing and identifying lesions in the gas-
trointestinal tract. Recently, image-enhanced endoscopy has become a breakthrough technology
that has attracted significant attention. This image enhancing technology is available for capsule
endoscopy, which is an effective tool for small intestinal lesions and has been applied in flexible
spectral color enhancement technology and in contrast capsule like narrow-band imaging. In this
field, most researchers focus on improving the visibility and detection of small intestinal lesions. This
review summarizes previous studies on image-enhanced capsule endoscopy and aims to evaluate
the efficacy of this technology.

Keywords: capsule endoscopy; image-enhanced endoscopy; flexible spectral color enhancement;
contrast capsule; small intestinal lesions

1. Introduction

Capsule endoscopy (CE) was introduced in 2000 [1]. CE allows the visualization of the
mucosa throughout the small intestine. Several studies have shown that CE is an effective
means of detecting lesions in the small bowel, particularly sites of obscure gastrointestinal
bleeding [2–6]. CE is also one of the standard modalities for monitoring Crohn’s dis-
ease [7–13]. Since 2004, image-enhanced endoscopy (IEE) has been reported to improve
the detection and diagnosis of gastrointestinal lesions [14–16]. IEE techniques are useful
for enhancing images of vasculature patterns, and for improving the visibility of surface
patterns and color differences. Several IEE modalities are used in daily clinical practice,
including narrow-band imaging (NBI, Olympus Corp., Tokyo, Japan), flexible spectral
color enhancement (FICE, Fujifilm Corp., Tokyo, Japan), blue laser imaging (BLI, Fujifilm
Corp., Tokyo, Japan), and linked color imaging (LCI, Fujifilm Corp., Tokyo, Japan) [17–21].
However, the diagnostic efficacy of CE is reduced when the identification of the mucosa
is impaired due to the interference of bubbles, food residues, bile, and blood. Although
the visibility might be improved by bowel preparation, there are limits to the effectiveness
of bowel preparation for CE [22]. Therefore, IEE would be important for improving the
identification of small bowel lesions in the presence of bile and blood. Furthermore, there
is a problem with the diagnostic yield of CE because small lesions are difficult to detect
and diagnose. Zheng et al. reported that the overall positive diagnostic yield of CE for
small bowel disease remains at about 60% [23]. Thus, there is a need for IEE to enable
the visualization of such lesions. A previous study reported that performing CE using a
FICE digital processing system within a capsule workstation (Given Imaging, Yoqneam,
Israel) is feasible [24]. Other reports have suggested that FICE may improve the visibility of
small intestinal lesions [25,26]. Furthermore, a similar function for CE, developed by Olym-
pus Inc., has shown promising results. The contrast capsule (CC) is an image-enhanced
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capsule endoscope (IECE) with blue-enhanced white light-emitting diodes (WL-LEDs)
that allow high-contrast images to be obtained by selecting predominantly blue and green
wavelengths of light [25].

This review aims to consolidate existing clinical data on the utility of IEE for improving
the detection rate and characterization of small bowel pathological findings using CE, as
compared to that of white light images (WLIs).

2. FICE

The FICE system was developed and introduced in 2005 as an image-processing tool
for conventional video endoscopy. FICE is a digital processing method that uses WLIs and
processes the images by emphasizing specific ranges of wavelengths. Three wavelengths
(red, green, and blue) are selected and assigned to construct a complex enhanced image [26].
FICE has been hypothesized to enhance surface patterns and can improve the visualization
and detection of lesions [27]. FICE is used in gastroscopy and colonoscopy to increase the
detection rate of neoplastic lesions.

FICE is a digital image technology that uses the RAPID software (Given Imaging
Ltd., Yoqneam, Israel), which enables the processing of regular images captured by normal
video capsule devices (Figure 1). The FICE wavelength settings are as follows: FICE 1
(red, 595 nm; green, 540 nm; blue, 535 nm); FICE 2 (red, 420 nm; green, 520 nm; blue 530
nm); and FICE 3 (red, 595 nm; green, 570 nm; blue, 415 nm). FICE 1 aims to reduce bile
interference, FICE 2 aims to emphasize blood, and FICE 3 aims to emphasize the differences
between bile and blood.

Figure 1. Cont.
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Figure 1. Capsule endoscopy images of small intestinal lesions; angioectasia (a–d), ulcer/erosion (e–h), tumor (i–l). WLI
(a,e,i), FICE 1(b,f,j), FICE 2 (c,g,k), FICE 3 (d,h,l).

3. Contrast Capsule

A CC is an image-enhanced CE. This is a normal capsule (EC type1, Olympus Corp.)
equipped with a special WL-LED that was selected to increase the level of brightness
in the blue wavelength range, which is appropriate for the visualization of hemoglobin.
WLIs are generated using data from the three primary colors (red, green, and blue), con-
ventionally obtained from a charge-coupled device. Contrast images (CIs) are generated
from intentionally selecting the green and blue data (Figure 2). This technology allows for
stronger color contrast between hemoglobin and normal mucosa, potentially contributing
to the detection of bleeding points. CC is classified as an optical-digital method, similar to
NBI in the endoscopic imaging classification [28]. In 2011, Aihara et al. reported that CC
visualized the color contrast between normal mucosa and small intestinal lesions, such as
angioectasia, erosion/ulcer, and polyps [29].
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Figure 2. Capsule endoscopy images of small intestinal lesions: angioectasia (a,b) and ulcer/erosion (c,d). WLI (a,c),
CC (b,d).

4. Detection of Lesions

Previous studies have shown that FICE improves the detection rate of small intestinal
lesions, with FICE 1 and FICE 2 suited to the detection of erosions, ulcers, and angioectasia
(Table 1). Imagawa et al. [30] reported that FICE 1 and FICE 2 had higher levels of
angioectasia detection. In their study, two experienced endoscopists analyzed 50 videos.
One endoscopist read the images obtained by conventional CE, and the other, blinded to the
results of the conventional readings, read the images obtained from FICE at settings 1, 2, and
3. Seventeen angioectasias were identified by conventional WLI. Forty-eight were detected
by FICE 1, 45 by FICE 2, and 24 by FICE 3, with significant differences at FICE 1 and 2
(p = 0.0003 and p < 0.0001, respectively). There was no difference between conventional WLI
and FICE for the detection of erosions, ulcerations, and tumors. However, Gupta et al. [31]
reported that FICE did not significantly improve the detection of small intestinal lesions
compared with WLIs. In their study, two gastrointestinal fellows retrospectively analyzed
60 CE examinations with and without FICE. The senior consultant evaluated findings
as P0, P1, and P2 lesions (non-pathological, intermediate bleeding potential, and high
bleeding potential, respectively), considered as reference findings. A total of 153 lesions
were diagnosed by the two fellows with FICE as compared to 118 with WLIs (p = 0.15).
With FICE, the sensitivity and specificity of the detection rate of P2 lesions were 94%
(0.87–1.02) and 95% (0.87–1.03), respectively, and with WLI, they were 97% (0.92–1.02) and
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96% (0.86–1.04) respectively. There was no difference between conventional WLI and FICE
for P2 lesions. Significantly more P0 lesions were diagnosed by the two fellows using FICE
as compared to WLIs (39 vs. 8, p < 0.01). In these reports, FICE was not useful in detecting
tumors. Kobayashi et al. [32] reported that FICE 1 was better at detecting angioectasias and
ulcerative lesions, and worse at detecting tumors or polyps compared to WLIs. In their
study, three endoscopists analyzed 24 CE examinations with conventional WLI and three
settings of FICE and compared their sensitivity and specificity for the detection of small
intestinal lesions. Significantly more angioectasias and ulcerative lesions were detected
with FICE 1 as compared to WLIs (angioectasia, 25.7 vs. 21.0, p = 0.005; ulcerative lesions,
19.3 vs. 14.0, p = 0.06). However, significantly more tumors were missed with FICE 1 as
compared to WLIs (4.3 vs. 10.0, p = 0.003). Sato et al. [33] similarly showed that compared
with WLIs, FICE 1 was better at detecting angioectasias and ulcerative lesions, FICE 2
was better at detecting angioectasias, and each FICE setting was ineffective at detecting
tumors or polyps. In their study, to compare the detection rate of small bowel lesions
using images obtained from the three settings of FICE or blue mode with images obtained
from WLI, a total of 50 patients who underwent CE were enrolled. CE was performed
for the following reasons: obscure gastrointestinal bleeding (n = 34), examination of the
extent of tumor spread (n = 8), investigation into the source of chronic abdominal pain or
diarrhea (n = 4), and miscellaneous (n = 4). Three expert endoscopists who had similar
levels of experience in CE analyzed the videos. A first endoscopist analyzed videos 1 to
20 with WLI, videos 21 to 40 with the three types of FICE, and videos 41 to 50 with blue
mode. A second endoscopist analyzed the same sequences of videos using FICE, blue
mode, and WLI, sequentially, and a third endoscopist analyzed the videos using blue
mode, WLI, and FICE, sequentially. The FICE reader reviewed the three settings of FICE
on a different day in a blinded fashion. The relevant findings obtained from CE were
documented and classified by each endoscopist as vascular lesion, erosion/ulceration,
tumor, or no abnormality. The numbers of detected lesions and period of evaluation were
compared between WLI, the three settings of FICE, and blue mode. The final diagnoses
determined by several modalities including CE, balloon-assisted enteroscopy, surgery, and
periodical observation, were used as the gold standard for this analysis. In this study, 17
angioectasias were identified with WLI; 24 were detected with FICE 1, 33 with FICE 2, and
18 with FICE 3; and 20 were detected with blue mode. There were significant differences
between WLI and FICE settings 1 and 2 (p = 0.02 and p = 0.003, respectively). A total of 28
erosions/ulcers were detected with WLI; 33 with FICE 1, 41 with FICE 2, 24 with FICE 3;
and 28 with blue mode. Only FICE 2 showed a significantly higher level of detection ability
as compared to WLI (p = 0.007). For tumors, a total of 13 lesions were detected with WLI;
13 were detected with FICE 1, 14 with FICE 2, and 10 with FICE 3; and 14 were detected
with blue mode. The number of tumors detected did not differ significantly.
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Table 1. Clinical studies involving image-enhanced capsule endoscopy for the detectability of small intestinal lesions.

Reference Country Reviewers Videos Detectability

Angioectasia Erosion/Ulcer Tumor

FICE1 FICE2 FICE3 FICE1 FICE2 FICE3 FICE1 FICE2 FICE3

Imagawa
et al. [30] Japan 2 50 ↑ ↑ → → → → → → →

Gupta
et al. [31] Belgium 2 60 → →

Duque
et al. [34] Portugal 4 20 ↑ → →
Kobayashi
et al. [32] Japan 3 24 ↑ → → ↑ → → ↓ → →
Matsumura
et al. [35] Japan 2 81 → ↑ →

Sakai
et al. [36] Japan 4 12 ↑ ↑ → ↑ ↑ ↑
Konishi

et al. [37] Japan 5 10 ↑ ↑ → ↑ ↑ →
Nakamura
et al. [38] Japan 2 50 ↑

Sato
et al. [33] Japan 3 50 ↑ ↑ → → ↑ → → → →

CC CC CC

Ogata
et al. [25] Japan 2 24 ↑ ↑
Hatogai

et al. [39] Japan 10 5 →

Abbreviations: ↑; significant improved,→; no significant change, ↓; significant decreased.

Regarding CC, Ogata et al. [25] reported that CIs improved the detection rate of
erosions, ulcers, and angioectasia compared to WLIs. In this study, 24 CE videos were
evaluated by two trainee endoscopists; one evaluated video CIs and the other evaluated
video WLIs in a blinded fashion. The numbers of lesions detected by CIs and WLIs were
compared. Of a total of 107 erosions or ulcers, 98 were identified by CIs and 72 were
detected by WLIs (p < 0.001). Of the 31 angioectasias, 28 were identified by CIs and 20
were detected by WLIs (p = 0.015). As with FICE, Hatogai et al. showed that the number of
detected polyps and the diagnostic accuracy did not differ significantly between CIs and
WLIs [39].

5. Characterization of Lesions

In most reports, FICE was useful for improving the ability to diagnose small intestinal
lesions (Table 2). Imagawa et al. [40] reported that FICE improved the visibility of small
bowel tumors, angioectasias, erosions, and ulcers compared to WLIs, especially with the
use of FICE 1 and FICE 2. They also showed that FICE was particularly useful for improving
the visibility of hemangioma. In their study, five physicians compared FICE images with
corresponding WLIs of 145 lesions obtained from 122 patients. The lesions were categorized
as angioectasias (n = 23), erosions/ulcerations (n = 45), or tumors (n = 75). Physicians
scored FICE images for the visibility of the lesions according to the following scale: “+2”
(improved visibility), “+1” (somewhat improved visibility), “0” (visibility equivalent to
that of conventional video CE visibility), “−1” (somewhat decreased visibility), and “−2”
(decreased visibility). With FICE 1, improvement was observed for 87% (20/23) of the
angioectasia images, 53.3% (26/47) of the erosion/ulceration images, and 25.3% (19/75)
of the tumor images; with FICE 2, improvement was observed for 87% (20/23), 25.5%
(12/47), and 20.0% (15/75) of images, respectively. With FICE 3, only equivalence was
observed. Intra-observer agreement was 0.678 for FICE 1, 0.542 for FICE 2, and 0.597
for FICE 3. However, Krystallis et al. [41] showed that the benefit of FICE for small
intestine lesions is limited. In their study, two physicians compared FICE images with
corresponding WLIs of 167 lesions obtained from 200 patients. Physicians scored FICE
images for the visibility of the lesions according to the following scale: improved visibility,
similar visibility, worse visibility. With FICE 1, improvement was observed for 77.7% of
the angioectasia images, 36.6% of the erosion/ulceration images, and 14.7% of the tumor
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images. With FICE 2, improvement was observed for 27.7% of the angioectasia images, 3%
of the erosion/ulceration images, and 5.8% of the tumor images. With FICE 3, improvement
was observed for 5.5% of the angioectasia images, 3% of the erosion/ulceration images,
and 14.7% of the tumor images. This suggests that FICE 1 is effective for angioectasia
and only partially effective for ulcer/erosion, and FICE 2 and FICE 3 are ineffective for
improving small intestinal lesion images. Inter-observer agreement was 0.646 for FICE
1, 0.617 for FICE 2, and 0.669 for FICE 3. Cotter et al. [42] showed FICE can improve the
delineation of angioectasias, ulcers/erosions, and villous edema/atrophy. In their study,
two physicians compared FICE images with corresponding WLIs of 100 lesions obtained
from 49 patients. Physicians scored the delineation of the lesions on FICE images as follows:
improved visibility, similar visibility, worse visibility. Improving the delineation of lesions
was achieved in 77% of cases with FICE 1, 74% with FICE 2, and 41% with FICE 3, with
a percentage of agreement between investigators of 89% (κ = 0.833), 85% (κ = 0.764), and
66% (κ = 0.486), respectively. With FICE 1, improvement of the delineation was achieved
for 97.4% of the angioectasias, 63.3% of the ulcers/erosions, and 66.7% of the villous
edema/atrophy. With FICE 2, improvement of the delineation was achieved for 97.4% of the
angioectasias, 57.1% of the ulcers/erosions, and 66.7% of the villous edema/atrophy. With
FICE 3, improvement of the delineation was achieved for 46.2% of the angioectasias, 24.5%
of the ulcers/erosions, and no cases of villous edema/atrophy. Chetcuti Zammit et al. [43]
reported that FICE was not useful compared with conventional WLI for the delineation of
mucosal changes related to celiac disease. In their study, five expert reviewers evaluated
several normal and abnormal CE images obtained from the patients with celiac disease
to determine whether the use of FICE can improve the detection of celiac disease-related
changes. With conventional WLI, the sensitivity and specificity in the delineation of
celiac disease-related changes were 100%. With FICE 1, the sensitivity was 80% and the
specificity was 100%. There was no difference between conventional WLI and FICE for the
identification of celiac disease-related changes. Inter-rater reliability was low (Fleiss kappa
0.107; p = 0.147) between expert reviewers in selecting the best image modification.

Table 2. Clinical studies involving image-enhanced capsule endoscopy for the visibility of small intestinal lesions.

Reference Country Reviewers Images Visibility

Angioectasia Erosion/Ulcer Tumor

FICE1 FICE2 FICE3 FICE1 FICE2 FICE3 FICE1 FICE2 FICE3

Imagawa
et al. [40] Japan 5 145 ↑ ↑ → ↑ ↑ → ↑ ↑ →
Krystallis
et al. [41] UK 2 167 ↑ → → ↑ ↓ ↓ → ↓ ↓

Sato
et al. [33] Japan 5 261 ↑ ↑ → ↑ ↑ → → → →

Cotter
et al. [42] Portugal 2 100 ↑ ↑ → ↑ ↑ →

CC CC CC

Ogata
et al. [25] Japan 3 138 ↑ ↑
Hatogai

et al. [39] Japan 10 20 ↑

Abbreviations: ↑; significant improved,→; no significant change, ↓; significant decreased.

Regarding CC, Ogata et al. [25] suggested that CIs obtained using CE improve the
visibility of small bowel erosions, ulcers, and angioectasias compared to WLIs. In their
study, three physicians retrospectively compared the CIs with the corresponding WLIs of
137 lesion images obtained from 24 patients. For erosions and ulcers, CIs were considered
to achieve better visibility in 27.1% of the cases (29/107), equivalent visibility in 63.6 %
of the cases (68/107), and inferior visibility in 9.3% of the cases (10/107) (p = 0.024). For
areas of angioectasia, CIs were considered to achieve better visibility in 48.4% of the cases
(15/31), equivalent visibility in 41.9% of the cases (13/31), and inferior visibility in 9.7% of
the cases (3/31) (p = 0.047). The inter- and intra-observer agreements for the visibility were



Diagnostics 2021, 11, 2122 8 of 14

0.49 and 0.58, respectively. The lesion images were also investigated by calculating the
color difference (∆E) between the WLIs and CIs using the CIElab color space method. For
erosions and ulcers, ∆E for CIs was significantly higher than WLIs (31.9 ± 12.4 compared
with 18.7 ± 9.7, respectively; p < 0.001). This was also the case for angioectasia (38.4 ± 15.5,
compared with 27.1 ± 13.6, respectively; p = 0.003). Similarly, Hatogai et al. reported that
CIs are an effective tool for enhancing polyp visibility [39].

6. Colon Capsule Endoscopy

Colon CE (CCE) was introduced in 2006 [44]. A colonoscopy is a standard tool for
colorectal examination. CCE is presented as a noninvasive alternative method for screening
colon cancer [45]. In 2009, second generation CCE (CCE 2), which has improved sensitivity,
was developed [46]. CCE 2 has good accuracy in the detection of polyps and colorectal
cancer [47] and is useful for patients with Crohn’s disease and ulcerative colitis [48–53].
CCE 2 is equipped with a FICE system. In CCE 2, only the FICE 1 mode can be used
(Figure 3). Nakazawa et al. [54] showed that FICE 1 improved the ability to differentiate
between adenomatous polyps and hyperplastic polyps compared to WLIs using the CIElab
color space method. They investigated the ability of the ∆E to differentiate between
adenomatous polyps and hyperplastic polyps. They reported that among 34 adenomatous
polyps, the FICE∆E (39.2 ± 19.3) was significantly higher than the WLI∆E (14.9 ± 10.4)
(p < 0.001). In contrast, among 17 hyperplastic polyps, the FICE∆E (12.8 ± 10.4) was not
significantly different from the WLI∆E (10.7 ± 6.8) (p = 0.44). The FICE∆E of adenomatous
polyps was 3.3 ± 1.8, which was significantly higher than the FICE∆E of hyperplastic
polyps (1.3 ± 0.6; p < 0.001). Further large studies need to be conducted to confirm that
FICE in CCE 2 is a highly useful modality for screening colon polyps.

Figure 3. Cont.
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Figure 3. Capsule endoscopy images of colon capsule: WLI (a,c), FICE 1 (b,d).

7. Conclusions

In conclusion, FICE and CC appear to improve the detection rate and visibility of
small intestinal lesions. Previous reports used mostly retrospective analysis; thus, in the
future, large prospective trials are needed to clarify the efficacy of IECE.

8. Discussion

Although many reports showed the usefulness of IECE for small intestinal lesions,
the benefits of using IECE for small intestinal lesions remain controversial. FICE 1 may be
useful for angioectasias and ulcers/erosions in the delineation and the detection of lesions.
Because FICE1 was determined to reduce the interference of bile, it appears to improve the
visibility of small intestinal lesions. There are also conflicting reports for the utility of IECE.
Furthermore, on meta-analysis, 13 studies (nine evaluated detection only; one evaluated de-
tection and characterization; and three evaluated characterization only) were analyzed [55],
and, overall, the use of the FICE did not significantly improve the visualization or the
detection rate of small intestinal lesions on CE when compared to WLI, although FICE 1
performed better in improving the delineation and the detection of small intestinal lesions.
For angioectasias viewed under FICE 2 and 3, and for mucosal ulcers/erosions viewed
under all three FICE modes, less than 50% of the images were improved. Sometimes, the
use of IECE may reduce the amount of light and make observation difficult. The image
pixelation caused by CE remains remarkably low, compared with that of conventional
high-definition gastrointestinal endoscopy. If a next generation CE with high definition is
introduced, IECE will be more useful in detecting and diagnosing small intestinal lesions.
Although this review focused on FICE and CC, other IECE techniques are currently avail-
able, including blue mode (BM, Fujifilm Corp., Tokyo, Japan) and Augmented Live-body
Image Color-Spectrum Enhancement (ALICE) (Intromedic, Seoul, South Korea). Blue mode
is an additional image enhancing technique available for use with the RAPID software.
The blue mode wavelength setting is 490–430 nm. Krystallis et al. reported that blue
mode offered better image enhancement in CE as compared with FICE [41]. However,
Koulaouzidis et al. [56] reported that although blue mode may enhance mucosal details,
i.e., small mucosal breaks, it did not perform better than WLI in the calculation of the
Lewis score in their cohort. In their study, computational analysis of our CE database was
performed to identify patients who underwent CE with PillCam and had fecal calprotectin
(FC) measured within 30 days after CE with PillCam. Only patients who had undergone
prior colonoscopy were included to exclude any colon pathology-associated FC increase.
Each small bowel tertile was reviewed (viewing speed 8 fps) with WLI and blue mode, in a
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back-to-back mode, by a single experienced reviewer. The Lewis scores were calculated
after evaluation of each WLI and blue mode. The Pearson rank correlation (rho, r) statis-
tic was applied. Twenty-seven patients were included, of which 13 underwent CE with
PillCam SB1 and the remainder (n = 14) with PillCam SB2. The median level of FC in this
cohort was 125 µg/g. In the WLI CE review, the Lewis score correlation with FC levels was
r = 0.490 (p = 0.01), while in blue mode, it was r = 0.472 (p = 0.013). Regarding the MiroCam
software (IntroMedic, Soul, Korea), Ryu et al. showed that ALICE improved the visibility
of flat and depressed small bowel lesions [57]. Ribeiro et al. [58] reported that another IEE
system that enhances images in 3 color modes (CM 1, CM 2, and CM 3) was not useful
to improve the evaluation and characterization of any of the small intestinal lesions. In
their study, 22 patients were selected, in whom 100 elementary lesions were identified,
including erosions (n = 45), ulcers (n = 17), and angioectasias (n = 38). For each lesion
identified, images were captured without chromo endoscopy (WLI) and with CM 1, CM 2,
and CM 3. A score of 1 to 4 was assigned to each image, classifying the characteristics and
limits of the lesion in ascending order, where 1 was the worst and 4 the best. The scores
obtained using various modes were compared with Kendall’s tau-c coefficient. The average
scores attributed to the photographs from WLI, CM 1, CM 2, and CM 3 were 3.83, 2.89,
1.85, and 1.43, respectively (tau-c = −0.75, p < 0.001). Evaluating the elementary lesions
independently, the average scores for WLI, CM 1, CM 2, and CM 3 were 3.83, 2.92, 1.86,
and 1.38 (tau-c = −0.77, p < 0.001) for erosions, respectively; 3.87, 2.96, 1.76, and 1.40 (tau-c
= −0.80, p < 0.001) for ulcers, respectively; and 3.81, 2.82, 1.87, and 1.50 (tau-c = −0.71, p <
0.001) for angioectasias, respectively. The European Society of Gastrointestinal Endoscopy
does not recommend the routine use of virtual chromoendoscopy during evaluation of
the capsule recording since it does not appear to improve lesion detection or characteriza-
tion [59]. In the field of gastrointestinal endoscopy, artificial intelligence has been explored
enthusiastically [60–66]. The application of computer-aided detection for IEE has been
the area most eagerly investigated. In the field of CE, several studies reported artificial
intelligence algorithms for identifying small intestinal lesions [67–78]. In addition, some
studies reported that deep learning has achieved excellent performance for the detection of
small intestinal lesions in CE. With larger study samples and prospective multicenter trials,
it is expected that computer-aided detection will be applied to CE in the future.

Author Contributions: Writing of the paper: N.O., Y.M. and M.O.; supervision of the manuscript:
S.-e.K., K.O. and F.I. All authors have read and agreed to the published version of the manuscript.

Funding: No financial support was provided.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent was obtained from the patient for publica-
tion of this accompanying images.

Data Availability Statement: Not applicable.

Conflicts of Interest: S.-e.K. has received lecture fees from Olympus Corp. None of the other authors
declare no conflicts of interest.

References
1. Iddan, G.; Meron, G.; Glukhovsky, A.; Swain, P. Wireless capsule endoscopy. Nature 2000, 405, 417. [CrossRef] [PubMed]
2. Apostolopoulos, P.; Liatsos, C.; Gralnek, I.M.; Kalantzis, C.; Giannakoulopoulou, E.; Alexandrakis, G.; Tsibouris, P.; Kalafatis, E.;

Kalantzis, N. Evaluation of capsule endoscopy in active, mild-to-moderate, overt, obscure GI bleeding. Gastrointest. Endosc. 2007,
66, 1174–1181. [CrossRef] [PubMed]

3. Pennazio, M.; Santucci, R.; Rondonotti, E.; Abbiati, C.; Beccari, G.; Rossini, F.P.; De Franchis, R. Outcome of patients with obscure
gastrointestinal bleeding after capsule endoscopy: Report of 100 consecutive cases. Gastroenterology 2004, 126, 643–653. [CrossRef]
[PubMed]

4. Triester, S.L.; Leighton, J.A.; Leontiadis, G.I.; Fleischer, D.E.; Hara, A.K.; Heigh, R.I.; Shiff, A.D.; Sharma, V.K. A meta-analysis of
the yield of capsule endoscopy compared to other diagnostic modalities in patients with obscure gastrointestinal bleeding. Am. J.
Gastroenterol. 2005, 100, 2407–2418. [CrossRef] [PubMed]

http://doi.org/10.1038/35013140
http://www.ncbi.nlm.nih.gov/pubmed/10839527
http://doi.org/10.1016/j.gie.2007.06.058
http://www.ncbi.nlm.nih.gov/pubmed/18061718
http://doi.org/10.1053/j.gastro.2003.11.057
http://www.ncbi.nlm.nih.gov/pubmed/14988816
http://doi.org/10.1111/j.1572-0241.2005.00274.x
http://www.ncbi.nlm.nih.gov/pubmed/16279893


Diagnostics 2021, 11, 2122 11 of 14

5. Raju, G.S.; Gerson, L.; Das, A.; Lewis, B.; American Gastroenterological Association. American Gastroenterological Association
(AGA) Institute medical position statement on obscure gastrointestinal bleeding. Gastroenterology 2007, 133, 1694–1696. [CrossRef]

6. Enns, R.A.; Hookey, L.; Armstrong, D.; Bernstein, C.N.; Heitman, S.J.; Teshima, C.; Leontiadis, G.I.; Tse, F.; Sadowski, D. Clinical
Practice Guidelines for the Use of Video Capsule Endoscopy. Gastroenterology 2017, 152, 497–514. [CrossRef]

7. Choi, M.; Lim, S.; Choi, M.G.; Shim, K.N.; Lee, S.H. Effectiveness of Capsule Endoscopy Compared with Other Diagnostic
Modalities in Patients with Small Bowel Crohn’s Disease: A Meta-Analysis. Gut Liver 2017, 11, 62–72. [CrossRef]

8. Han, Z.M.; Qiao, W.G.; Ai, X.Y.; Li, A.M.; Chen, Z.Y.; Feng, X.C.; Zhang, J.; Wan, T.M.; Xu, Z.M.; Bai, Y.; et al. Impact of capsule
endoscopy on prevention of postoperative recurrence of Crohn’s disease. Gastrointest. Endosc. 2018, 87, 1489–1498. [CrossRef]
[PubMed]

9. Melmed, G.Y.; Dubinsky, M.C.; Rubin, D.T.; Fleisher, M.; Pasha, S.F.; Sakuraba, A.; Tiongco, F.; Shafran, I.; Fernandez-Urien, I.;
Rosa, B.; et al. Utility of video capsule endoscopy for longitudinal monitoring of Crohn’s disease activity in the small bowel: A
prospective study. Gastrointest. Endosc. 2018, 88, 947–955. [CrossRef]

10. Hansel, S.L.; McCurdy, J.D.; Barlow, J.M.; Fidler, J.; Fletcher, J.G.; Becker, B.; Prabhu, N.C.; Faubion, W.A.; Hanson, K.A.;
Kane, S.V.; et al. Clinical Benefit of Capsule Endoscopy in Crohn’s Disease: Impact on Patient Management and Prevalence of
Proximal Small Bowel Involvement. Inflamm. Bowel Dis. 2018, 24, 1582–1588. [CrossRef]

11. Spiceland, C.M.; Lodhia, N. Endoscopy in inflammatory bowel disease: Role in diagnosis, management, and treatment. World J.
Gastroenterol. 2018, 24, 4014–4020. [CrossRef]

12. Le Berre, C.; Trang-Poisson, C.; Bourreille, A. Small bowel capsule endoscopy and treat-to-target in Crohn’s disease: A systematic
review. World J. Gastroenterol. 2019, 25, 4534–4554. [CrossRef]

13. Esaki, M.; Matsumoto, T.; Ohmiya, N.; Washio, E.; Morishita, T.; Sakamoto, K.; Abe, H.; Yamamoto, S.; Kinjo, T.; Togashi, K.;
et al. Capsule endoscopy findings for the diagnosis of Crohn’s disease: A nationwide case-control study. J. Gastroenterol. 2019, 54,
249–260. [CrossRef]

14. Gono, K.; Obi, T.; Yamaguchi, M.; Ohyama, N.; Machida, H.; Sano, Y.; Yoshida, S.; Hamamoto, Y.; Endo, T. Appearance of
enhanced tissue features in narrow-band endoscopic imaging. J. Biomed. Opt. 2004, 9, 568–577. [CrossRef]

15. Pohl, J.; May, A.; Rabenstein Pech, O.; Ell, C. Computed virtual chromoendoscopy: A new tool for enhancing tissue surface
structures. Endoscopy 2007, 39, 80–83. [CrossRef] [PubMed]

16. Pohl, J.; May, A.; Rabenstein TPech, O.; Nguyen-Tat, M.; Fissler-Eckhoff, A.; Ell, C. Comparison of computed virtual chromoen-
doscopy and conventional chromoendoscopy with acetic acid for detection of neoplasia in Barrett’s esophagus. Endoscopy 2007,
39, 594–598. [CrossRef] [PubMed]

17. East, J.E.; Vleugels, J.L.; Roelandt, P.; Bhandari, P.; Bisschops, R.; Dekker, E.; Hassan, C.; Horgan, G.; Kiesslich, R.; Longcroft-
Wheaton, G.; et al. Advanced endoscopic imaging: European Society of Gastrointestinal Endoscopy (ESGE) Technology Review.
Endoscopy 2016, 48, 1029–1045. [CrossRef] [PubMed]

18. Ho, S.H.; Uedo, N.; Aso, A.; Shimizu, S.; Saito, Y.; Yao, K.; Goh, K.L. Development of Image-enhanced Endoscopy of the
Gastrointestinal Tract: A Review of History and Current Evidences. J. Clin. Gastroenterol. 2018, 52, 295–306. [CrossRef]

19. Chiu, P.W.Y.; Uedo, N.; Singh, R.; Gotoda, T.; Ng, E.K.W.; Yao, K.; Ang, T.L.; Ho, S.H.; Kikuchi, D.; Yao, F.; et al. An Asian
consensus on standards of diagnostic upper endoscopy for neoplasia. Gut 2019, 68, 186–197. [CrossRef] [PubMed]

20. Yoshida, N.; Hisabe, T.; Ikematsu, H.; Ishihara, H.; Terasawa, M.; Inaba, A.; Sato, D.; Cho, H.; Ego, M.; Tanaka, Y.; et al.
Comparison Between Linked Color Imaging and Blue Laser Imaging for Improving the Visibility of Flat Colorectal Polyps: A
Multicenter Pilot Study. Dig. Dis. Sci. 2020, 65, 2054–2062. [CrossRef]

21. Ono, S.; Kawada, K.; Dohi, O.; Kitamura, S.; Koike, T.; Hori, S.; Kanzaki, H.; Murao, T.; Yagi, N.; Sasaki, F.; et al. Linked Color
Imaging Focused on Neoplasm Detection in the Upper Gastrointestinal Tract: A Randomized Trial. Ann. Intern. Med. 2021, 174,
18–24. [CrossRef] [PubMed]

22. Viazis, N.; Sgouros, S.; Papaxoinis, K.; Vlachogiannakos, J.; Bergele, C.; Sklavus, P.; Panari, A.; Avgerinos, A. Bowel preparation
increases the diagnostic yield of capsule endoscopy: A prospective, randomized, controlled study. Gastrointest. Endosc. 2004, 60,
534–538. [CrossRef]

23. Zheng, Y.H.; Hawkins, L.; Wolff, J.; Goloubeva, O.; Goldberg, E. Detection of lesions during capsule endoscopy: Physician
performance is disappointing. Am. J. Gastroenterol. 2012, 107, 554–560. [CrossRef]

24. Pohl, J.; Aschmoneit, I.; Schuhmann, S.; Ell, C. Computed image modification for enhancement of small-bowel surface structures
at video capsule endoscopy. Endoscopy 2010, 42, 490–492. [CrossRef]

25. Ogata, N.; Ohtsuka, K.; Sasanuma, Y.; Ogawa, M.; Maeda, Y.; Ichimasa, K.; Mori, Y.; Misawa, M.; Kudo, T.; Hisayuki, T.; et al.
White light-emitting contrast image capsule endoscopy for visualization of small intestine lesions: A pilot study. Endosc. Int.
Open 2018, 6, E315–E321. [CrossRef] [PubMed]

26. ASGE Technology Committee; Manfredi, M.A.; Abu Dayyeh, B.K.; Bhat, Y.M.; Chauhan, S.S.; Gottlieb, K.T.; Hwang, J.H.;
Komanduri, S.; Konda, V.; Lo, S.K.; et al. Electronic chromoendoscopy. Gastrointest. Endosc. 2015, 81, 249–261. [CrossRef]

27. Mishkin, D.S.; Chuttani, R.; Croffie, J.; Disario, J.; Liu, J.; Shah, R.; Somogyi, L.; Tierney, W.; Song, L.M.; Petersen, B.T. Technology
Assessment Committee, American Society for Gastrointestinal Endoscopy. ASGE Technology Status Evaluation Report: Wireless
capsule endoscopy. Gastrointest Endosc. 2006, 63, 539–545. [CrossRef] [PubMed]

28. Tajiri, H.; Niwa, H. Proposal for a consensus terminology in endoscopy: How should different endoscopic imaging techniques be
grouped and defined? Endoscopy 2008, 40, 775–778. [CrossRef] [PubMed]

http://doi.org/10.1053/j.gastro.2007.06.008
http://doi.org/10.1053/j.gastro.2016.12.032
http://doi.org/10.5009/gnl16015
http://doi.org/10.1016/j.gie.2018.01.017
http://www.ncbi.nlm.nih.gov/pubmed/29355520
http://doi.org/10.1016/j.gie.2018.07.035
http://doi.org/10.1093/ibd/izy050
http://doi.org/10.3748/wjg.v24.i35.4014
http://doi.org/10.3748/wjg.v25.i31.4534
http://doi.org/10.1007/s00535-018-1507-6
http://doi.org/10.1117/1.1695563
http://doi.org/10.1055/s-2006-945045
http://www.ncbi.nlm.nih.gov/pubmed/17252465
http://doi.org/10.1055/s-2007-966649
http://www.ncbi.nlm.nih.gov/pubmed/17611913
http://doi.org/10.1055/s-0042-118087
http://www.ncbi.nlm.nih.gov/pubmed/27711949
http://doi.org/10.1097/MCG.0000000000000960
http://doi.org/10.1136/gutjnl-2018-317111
http://www.ncbi.nlm.nih.gov/pubmed/30420400
http://doi.org/10.1007/s10620-019-05930-x
http://doi.org/10.7326/M19-2561
http://www.ncbi.nlm.nih.gov/pubmed/33076693
http://doi.org/10.1016/S0016-5107(04)01879-6
http://doi.org/10.1038/ajg.2011.461
http://doi.org/10.1055/s-0029-1243994
http://doi.org/10.1055/s-0044-102092
http://www.ncbi.nlm.nih.gov/pubmed/29527553
http://doi.org/10.1016/j.gie.2014.06.020
http://doi.org/10.1016/j.gie.2006.01.014
http://www.ncbi.nlm.nih.gov/pubmed/16564850
http://doi.org/10.1055/s-2008-1077507
http://www.ncbi.nlm.nih.gov/pubmed/18698532


Diagnostics 2021, 11, 2122 12 of 14

29. Aihara, H.; Ikeda, K.; Tajiri, H. Image-enhanced capsule endoscopy based on the diagnosis of vascularity when using a new type
of capsule. Gastrointest. Endosc. 2011, 73, 1274–1279. [CrossRef]

30. Imagawa, H.; Oka, S.; Tanaka, S.; Noda, I.; Higashiyama, M.; Sanomura, Y.; Shishido, T.; Yoshida, S.; Chayama, K. Improved
detectability of small-bowel lesions via capsule endoscopy with computed virtual chromoendoscopy: A pilot study. Scand. J.
Gastroenterol. 2011, 46, 1133–1137. [CrossRef] [PubMed]

31. Gupta, T.; Ibrahim, M.; Deviere, J.; Van Gossum, A. Evaluation of Fujinon intelligent chromo endoscopy-assisted capsule
endoscopy in patients with obscure gastroenterology bleeding. World J. Gastroenterol. 2011, 17, 4590–4595. [CrossRef]

32. Kobayashi, Y.; Watabe, H.; Yamada, A.; Hirata, Y.; Yamaji, Y.; Yoshida, H.; Koike, K. Efficacy of flexible spectral imaging color
enhancement on the detection of small intestinal diseases by capsule endoscopy. J. Dig. Dis. 2012, 13, 614–620. [CrossRef]
[PubMed]

33. Sato, Y.; Sagawa, T.; Hirakawa, M.; Ohnuma, H.; Osuga, T.; Okagawa, Y.; Tamura, F.; Horiguchi, H.; Takada, K.; Hayashi, T.;
et al. Clinical utility of capsule endoscopy with flexible spectral imaging color enhancement for diagnosis of small bowel lesions.
Endosc. Int. Open 2014, 2, E80–E87. [CrossRef] [PubMed]

34. Duque, G.; Almeida, N.; Figueiredo, P.; Monsanto, P.; Lopes, S.; Freire, P.; Ferreira, M.; Carvalho, R.; Gouveia, H.; Sofia, C. Virtual
chromoendoscopy can be a useful software tool in capsule endoscopy. Rev. Esp. Enferm. Dig. 2012, 104, 231–236. [CrossRef]
[PubMed]

35. Matsumura, T.; Arai, M.; Sato, T.; Nakagawa, T.; Maruoka, D.; Tsuboi, M.; Hata, S.; Arai, E.; Katsuno, T.; Imazeki, F.; et al. Efficacy
of computed image modification of capsule endoscopy in patients with obscure gastrointestinal bleeding. World J. Gastrointest.
Endosc. 2012, 4, 421–428. [CrossRef]

36. Sakai, E.; Endo, H.; Kato, S.; Matsuura, T.; Tomeno, W.; Taniguchi, L.; Uchiyama, T.; Hata, Y.; Yamada, E.; Ohkubo, H.;
et al. Capsule endoscopy with flexible spectral imaging color enhancement reduces the bile pigment effect and improves the
detectability of small bowel lesions. BMC Gastroenterol. 2012, 12, 83. [CrossRef] [PubMed]

37. Konishi, M.; Shibuya, T.; Mori, H.; Kurashita, E.; Takeda, T.; Nomura, O.; Fukuo, Y.; Matsumoto, K.; Sakamoto, N.; Osada, T.; et al.
Usefulness of flexible spectral imaging color enhancement for the detection and diagnosis of small intestinal lesions found by
capsule endoscopy. Scand. J. Gastroenterol. 2014, 49, 501–505. [CrossRef]

38. Nakamura, M.; Ohmiya, N.; Miyahara, R.; Ando, T.; Watanabe, O.; Kawashima, H.; Itoh, A.; Hirooka, Y.; Goto, H. Usefulness
of flexible spectral imaging color enhancement (FICE) for the detection of angiodysplasia in the preview of capsule endoscopy.
Hepatogastroenterology 2012, 59, 1474–1477.

39. Hatogai, K.; Hosoe, N.; Imaeda, H.; Rey, J.F.; Okada, S.; Ishibashi, Y.; Kimura, K.; Yoneno, K.; Usui, S.; Ida, Y.; et al. Role of
enhanced visibility in evaluating polyposis syndromes using a newly developed contrast image capsule endoscope. Gut Liver
2012, 6, 218–222. [CrossRef]

40. Imagawa, H.; Oka, S.; Tanaka, S.; Noda, I.; Higashiyama, M.; Sanomura, Y.; Shishido, T.; Yoshida, S.; Chayama, K. Improved
visibility of lesions of the small intestine via. capsule endoscopy with computed virtual chromoendoscopy. Gastrointest Endosc.
2011, 73, 299–306. [CrossRef]

41. Krystallis, C.; Koulaouzidis, A.; Douglas, S.; Plevris, J.N. Chromoendoscopy in small bowel capsule endoscopy: Blue mode or
Fuji Intelligent Color Enhancement? Dig. Liver Dis. 2011, 43, 953–957. [CrossRef]

42. Cotter, J.; Magalhães, J.; de Castro, F.D.; Barbosa, M.; Carvalho, P.B.; Leite, S.; Moreira, M.J.; Rosa, B. Virtual chromoendoscopy
in small bowel capsule endoscopy: New light or a cast of shadow? World J. Gastrointest. Endosc. 2014, 6, 359–365. [CrossRef]
[PubMed]

43. Chetcuti Zammit, S.; McAlindon, M.E.; Ellul, P.; Rondonotti, E.; Carretero, C.; Sanders, D.S.; Sidhu, R. Improving Diagnostic Yield
of Capsule Endoscopy in Coeliac Disease: Can Flexible Spectral Imaging Colour Enhancement Play a Role? Digestion 2020, 101,
347–354. [CrossRef] [PubMed]

44. Eliakim, R.; Fireman, Z.; Gralnek, I.M.; Yassin, K.; Waterman, M.; Kopelman, Y.; Lachter, J.; Koslowsky, B.; Adler, S.N. Evaluation
of the PillCam Colon capsule in the detection of colonic pathology: Results of the first multicenter, prospective, comparative
study. Endoscopy 2006, 38, 963–970. [CrossRef]

45. Van Gossum, A.; Munoz-Navas, M.; Fernandez-Urien, I.; Carretero, C.; Gay, G.; Delvaux, M.; Lapalus, M.G.; Ponchon, T.;
Neuhaus, H.; Philipper, M.; et al. Capsule endoscopy versus colonoscopy for the detection of polyps and cancer. N. Engl. J. Med.
2009, 361, 264–270. [CrossRef] [PubMed]

46. Eliakim, R.; Yassin, K.; Niv, Y.; Metzger, Y.; Lachter, J.; Gal, E.; Sapoznikov, B.; Konikoff, F.; Leichtmann, G.; Fireman, Z.; et al.
Prospective multicenter performance evaluation of the second-generation colon capsule compared with colonoscopy. Endoscopy
2009, 41, 1026–1031. [CrossRef]

47. Spada, C.; Pasha, S.F.; Gross, S.A.; Leighton, J.A.; Schnoll-Sussman, F.; Correale, L.; González Suárez, B.; Costamagna, G.;
Hassan, C. Accuracy of First- and Second-Generation Colon Capsules in Endoscopic Detection of Colorectal Polyps: A Systematic
Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2016, 14, 1533–1543. [CrossRef]

48. D’Haens, G.; Löwenberg, M.; Samaan, M.A.; Franchimont, D.; Ponsioen, C.; van den Brink, G.R.; Fockens, P.; Bossuyt, P.;
Amininejad, L.; Rajamannar, G.; et al. Safety and Feasibility of Using the Second-Generation Pillcam Colon Capsule to Assess
Active Colonic Crohn’s Disease. Clin. Gastroenterol. Hepatol. 2015, 13, 1480–1486. [CrossRef] [PubMed]

http://doi.org/10.1016/j.gie.2011.01.073
http://doi.org/10.3109/00365521.2011.584899
http://www.ncbi.nlm.nih.gov/pubmed/21619482
http://doi.org/10.3748/wjg.v17.i41.4590
http://doi.org/10.1111/j.1751-2980.2012.00641.x
http://www.ncbi.nlm.nih.gov/pubmed/23134581
http://doi.org/10.1055/s-0034-1365526
http://www.ncbi.nlm.nih.gov/pubmed/26135265
http://doi.org/10.4321/S1130-01082012000500002
http://www.ncbi.nlm.nih.gov/pubmed/22662774
http://doi.org/10.4253/wjge.v4.i9.421
http://doi.org/10.1186/1471-230X-12-83
http://www.ncbi.nlm.nih.gov/pubmed/22748141
http://doi.org/10.3109/00365521.2013.873480
http://doi.org/10.5009/gnl.2012.6.2.218
http://doi.org/10.1016/j.gie.2010.10.016
http://doi.org/10.1016/j.dld.2011.07.018
http://doi.org/10.4253/wjge.v6.i8.359
http://www.ncbi.nlm.nih.gov/pubmed/25132919
http://doi.org/10.1159/000500906
http://www.ncbi.nlm.nih.gov/pubmed/31408868
http://doi.org/10.1055/s-2006-944832
http://doi.org/10.1056/NEJMoa0806347
http://www.ncbi.nlm.nih.gov/pubmed/19605831
http://doi.org/10.1055/s-0029-1215360
http://doi.org/10.1016/j.cgh.2016.04.038
http://doi.org/10.1016/j.cgh.2015.01.031
http://www.ncbi.nlm.nih.gov/pubmed/25804331


Diagnostics 2021, 11, 2122 13 of 14

49. Oliva, S.; Cucchiara, S.; Civitelli, F.; Casciani, E.; Di Nardo, G.; Hassan, C.; Papoff, P.; Cohen, S.A. Colon capsule endoscopy
compared with other modalities in the evaluation of pediatric Crohn’s disease of the small bowel and colon. Gastrointest. Endosc.
2016, 83, 975–983. [CrossRef]

50. Oliva, S.; Aloi, M.; Viola, F.; Mallardo, S.; Civitelli, F.; Maccioni, F.; Hassan, C.; Papoff, P.; Cucchiara, S.; Cohen, S.A. A Treat to
Target Strategy Using Panenteric Capsule Endoscopy in Pediatric Patients With Crohn’s Disease. Clin. Gastroenterol. Hepatol.
2019, 17, 2060–2067. [CrossRef] [PubMed]

51. Sung, J.; Ho, K.Y.; Chiu, H.M.; Ching, J.; Travis, S.; Peled, R. The use of Pillcam Colon in assessing mucosal inflammation in
ulcerative colitis: A multicenter study. Endoscopy 2012, 44, 754–758. [CrossRef]

52. Shi, H.Y.; Chan, F.K.L.; Higashimori, A.; Kyaw, M.; Ching, J.Y.L.; Chan, H.C.H.; Chan, J.C.H.; Chan, A.W.H.; Lam, K.L.Y.;
Tang, R.S.Y.; et al. A prospective study on second-generation colon capsule endoscopy to detect mucosal lesions and disease
activity in ulcerative colitis (with video). Gastrointest. Endosc. 2017, 86, 1139–1146. [CrossRef] [PubMed]

53. Hosoe, N.; Nakano, M.; Takeuchi, K.; Endo, Y.; Matsuoka, K.; Abe, T.; Omori, T.; Hayashida, M.; Kobayashi, T.; Yoshida, A.; et al.
Establishment of a Novel Scoring System for Colon Capsule Endoscopy to Assess the Severity of Ulcerative Colitis-Capsule
Scoring of Ulcerative Colitis. Inflamm. Bowel Dis. 2018, 24, 2641–2647. [CrossRef]

54. Nakazawa, K.; Nouda, S.; Kakimoto, K.; Kinoshita, N.; Tanaka, Y.; Tawa, H.; Koshiba, R.; Naka, Y.; Hirata, Y.; Ota, K.; et al. The
Differential Diagnosis of Colorectal Polyps Using Colon Capsule Endoscopy. Intern. Med. 2021, 60, 1805–1812. [CrossRef]

55. Yung, D.E.; Boal Carvalho, P.; Giannakou, A.; Kopylov, U.; Rosa, B.; Rondonotti, E.; Toth, E.; Plevris, J.N.; Koulaouzidis, A.
Clinical validity of flexible spectral imaging color enhancement (FICE) in small-bowel capsule endoscopy: A systematic review
and meta-analysis. Endoscopy 2017, 49, 258–269. [CrossRef]

56. Koulaouzidis, A.; Douglas, S.; Plevris, J.N. Blue mode does not offer any benefit over white light when calculating Lewis score in
small-bowel capsule endoscopy. World J. Gastrointest. Endosc. 2012, 4, 33–37. [CrossRef] [PubMed]

57. Ryu, C.; Song, J.; Lee, M.; Shim, C. Mo1670 Does Capsule Endoscopy With Alice Improves Visibility of Small Bowel Lesions?
Gastrointest. Endosc. 2013, 77, AB466. [CrossRef]

58. Ribeiro da Silva, J.; Pinho, R.; Rodrigues, A.; Ponte, A.; Rodrigues, J.; Sousa, M.; Carvalho, J. Evaluation of the Usefulness of
Virtual Chromoendoscopy with Different Color Modes in the MiroCam®System for Characterization of Small Bowel Lesions. GE
Port. J. Gastroenterol. 2018, 25, 222–229. [CrossRef]

59. Rondonotti, E.; Spada, C.; Adler, S.; May, A.; Despott, E.J.; Koulaouzidis, A.; Panter, S.; Domagk, D.; Fernandez-Urien, I.;
Rahmi, G.; et al. Small-bowel capsule endoscopy and device-assisted enteroscopy for diagnosis and treatment of small-bowel
disorders: European Society of Gastrointestinal Endoscopy (ESGE) Technical Review. Endoscopy 2018, 50, 423–446. [CrossRef]
[PubMed]

60. Mori, Y.; Kudo, S.E.; Misawa, M.; Saito, Y.; Ikematsu, H.; Hotta, K.; Ohtsuka, K.; Urushibara, F.; Kataoka, S.; Ogawa, Y.; et al.
Real-Time Use of Artificial Intelligence in Identification of Diminutive Polyps During Colonoscopy: A Prospective Study. Ann.
Intern. Med. 2018, 169, 357–366. [CrossRef]

61. Misawa, M.; Kudo, S.E.; Mori, Y.; Cho, T.; Kataoka, S.; Yamauchi, A.; Ogawa, Y.; Maeda, Y.; Takeda, K.; Ichimasa, K.; et al. Artificial
Intelligence-Assisted Polyp Detection for Colonoscopy: Initial Experience. Gastroenterology 2018, 154, 2027–2029. [CrossRef]
[PubMed]

62. Hirasawa, T.; Aoyama, K.; Tanimoto, T.; Ishihara, S.; Shichijo, S.; Ozawa, T.; Ohnishi, T.; Fujishiro, M.; Matsuo, K.; Fujisaki, J.; et al.
Application of artificial intelligence using a convolutional neural network for detecting gastric cancer in endoscopic images.
Gastric Cancer 2018, 21, 653–660. [CrossRef]

63. Maeda, Y.; Kudo, S.E.; Mori, Y.; Misawa, M.; Ogata, N.; Sasanuma, S.; Wakamura, K.; Oda, M.; Mori, K.; Ohtsuka, K. Fully
automated diagnostic system with artificial intelligence using endocytoscopy to identify the presence of histologic inflammation
associated with ulcerative colitis (with video). Gastrointest. Endosc. 2019, 89, 408–415. [CrossRef]

64. Cai, S.L.; Li, B.; Tan, W.M.; Niu, X.J.; Yu, H.H.; Yao, L.Q.; Zhou, P.H.; Yan, B.; Zhong, Y.S. Using a deep learning system in
endoscopy for screening of early esophageal squamous cell carcinoma (with video). Gastrointest. Endosc. 2019, 90, 745–753.
[CrossRef] [PubMed]

65. Vinsard, D.G.; Mori, Y.; Misawa, M.; Kudo, S.E.; Rastogi, A.; Bagci, U.; Rex, D.K.; Wallace, M.B. Quality assurance of computer-
aided detection and diagnosis in colonoscopy. Gastrointest. Endosc. 2019, 90, 55–63. [CrossRef] [PubMed]

66. Le Berre, C.; Sandborn, W.J.; Aridhi, S.; Devignes, M.D.; Fournier, L.; Smaïl-Tabbone, M.; Danese, S.; Peyrin-Biroulet, L.
Application of Artificial Intelligence to Gastroenterology and Hepatology. Gastroenterology 2020, 158, 76–84. [CrossRef] [PubMed]

67. Xiao Jia Meng, M.Q. Gastrointestinal bleeding detection in wireless capsule endoscopy images using handcrafted and CNN
features. In Proceedings of the 39th annual international conference of the IEEE Engineering in Medicine and Biology Society
(EMBC), Jeju Island, Korea, 11–15 July 2017; pp. 3154–3157.

68. Zhou, T.; Han, G.; Li, B.N.; Lin, Z.; Ciaccio, E.J.; Green, P.H.; Qin, J. Quantitative analysis of patients with celiac disease by video
capsule endoscopy: A deep learning method. Comput. Biol. Med. 2017, 85, 1–6. [CrossRef] [PubMed]

69. Aoki, T.; Yamada, A.; Aoyama, K.; Saito, H.; Tsuboi, A.; Nakada, A.; Niikura, R.; Fujishiro, M.; Oka, S.; Ishihara, S.; et al.
Automatic detection of erosions and ulcerations in wireless capsule endoscopy images based on a deep convolutional neural
network. Gastrointest. Endosc. 2019, 89, 357–363. [CrossRef] [PubMed]

http://doi.org/10.1016/j.gie.2015.08.070
http://doi.org/10.1016/j.cgh.2018.10.015
http://www.ncbi.nlm.nih.gov/pubmed/30326301
http://doi.org/10.1055/s-0032-1309819
http://doi.org/10.1016/j.gie.2017.07.007
http://www.ncbi.nlm.nih.gov/pubmed/28713062
http://doi.org/10.1093/ibd/izy193
http://doi.org/10.2169/internalmedicine.6446-20
http://doi.org/10.1055/s-0042-122015
http://doi.org/10.4253/wjge.v4.i2.33
http://www.ncbi.nlm.nih.gov/pubmed/22347530
http://doi.org/10.1016/j.gie.2013.03.418
http://doi.org/10.1159/000485347
http://doi.org/10.1055/a-0576-0566
http://www.ncbi.nlm.nih.gov/pubmed/29539652
http://doi.org/10.7326/M18-0249
http://doi.org/10.1053/j.gastro.2018.04.003
http://www.ncbi.nlm.nih.gov/pubmed/29653147
http://doi.org/10.1007/s10120-018-0793-2
http://doi.org/10.1016/j.gie.2018.09.024
http://doi.org/10.1016/j.gie.2019.06.044
http://www.ncbi.nlm.nih.gov/pubmed/31302091
http://doi.org/10.1016/j.gie.2019.03.019
http://www.ncbi.nlm.nih.gov/pubmed/30926431
http://doi.org/10.1053/j.gastro.2019.08.058
http://www.ncbi.nlm.nih.gov/pubmed/31593701
http://doi.org/10.1016/j.compbiomed.2017.03.031
http://www.ncbi.nlm.nih.gov/pubmed/28412572
http://doi.org/10.1016/j.gie.2018.10.027
http://www.ncbi.nlm.nih.gov/pubmed/30670179


Diagnostics 2021, 11, 2122 14 of 14

70. Klang, E.; Barash, Y.; Margalit, R.Y.; Soffer, S.; Shimon, O.; Albshesh, A.; Ben-Horin, S.; Amitai, M.M.; Eliakim, R.; Kopylov, U.
Deep learning algorithms for automated detection of Crohn’s disease ulcers by video capsule endoscopy. Gastrointest. Endosc.
2020, 91, 606–613. [CrossRef]

71. Soffer, S.; Klang, E.; Shimon, O.; Nachmias, N.; Eliakim, R.; Ben-Horin, S.; Kopylov, U.; Barash, Y. Deep learning for wireless
capsule endoscopy: A systematic review and meta-analysis. Gastrointest. Endosc. 2020, 92, 831–839. [CrossRef]

72. Otani, K.; Nakada, A.; Kurose, Y.; Niikura, R.; Yamada, A.; Aoki, T.; Nakanishi, H.; Doyama, H.; Hasatani, K.; Sumiyoshi, T.; et al.
Automatic detection of diferent types of small-bowel lesions on capsule endoscopy images using a newly developed deep
convolutional neural network. Endoscopy 2020, 52, 786–791. [PubMed]

73. Aoki, T.; Yamada, A.; Kato, Y.; Saito, H.; Tsuboi, A.; Nakada, A.; Niikura, R.; Fujishiro, M.; Oka, S.; Ishihara, S.; et al. Automatic
detection of blood content in capsule endoscopy images based on a deep convolutional neural network. J. Gastroenterol. Hepatol.
2020, 35, 1196–1200. [CrossRef]

74. Xia, J.; Xia, T.; Pan, J.; Gao, F.; Wang, S.; Qian, Y.Y.; Wang, H.; Zhao, J.; Jiang, X.; Zou, W.B.; et al. Use of artifcial intelligence for
detection of gastric lesions by magnetically controlled capsule endoscopy. Gastrointest. Endosc. 2021, 93, 133–139. [CrossRef]
[PubMed]

75. Barash, Y.; Azaria, L.; Soffer, S.; Margalit Yehuda, R.; Shlomi, O.; Ben-Horin, S.; Eliakim, R.; Klang, E.; Kopylov, U. Ulcer severity
grading in video capsule images of patients with Crohn’s disease: An ordinal neural network solution. Gastrointest. Endosc. 2021,
93, 187–192. [CrossRef] [PubMed]

76. Majtner, T.; Brodersen, J.B.; Herp, J.; Kjeldsen, J.; Halling, M.L.; Jensen, M.D. A deep learning framework for autonomous
detection and classification of Crohn’s disease lesions in the small bowel and colon with capsule endoscopy. Endosc. Int. Open
2021, 9, E1361–E1370.

77. Klang, E.; Grinman, A.; Soffer, S.; Margalit Yehuda, R.; Barzilay, O.; Amitai, M.M.; Konen, E.; Ben-Horin, S.; Eliakim, R.;
Barash, Y.; et al. Automated Detection of Crohn’s Disease Intestinal Strictures on Capsule Endoscopy Images Using Deep Neural
Networks. J. Crohns Colitis 2021, 15, 749–756. [CrossRef]

78. Yamada, A.; Niikura, R.; Otani, K.; Aoki, T.; Koike, K. Automatic detection of colorectal neoplasia in wireless colon capsule
endoscopic images using a deep convolutional neural network. Endoscopy 2021, 53, 832–836. [CrossRef] [PubMed]

http://doi.org/10.1016/j.gie.2019.11.012
http://doi.org/10.1016/j.gie.2020.04.039
http://www.ncbi.nlm.nih.gov/pubmed/32557474
http://doi.org/10.1111/jgh.14941
http://doi.org/10.1016/j.gie.2020.05.027
http://www.ncbi.nlm.nih.gov/pubmed/32470426
http://doi.org/10.1016/j.gie.2020.05.066
http://www.ncbi.nlm.nih.gov/pubmed/32535191
http://doi.org/10.1093/ecco-jcc/jjaa234
http://doi.org/10.1055/a-1266-1066
http://www.ncbi.nlm.nih.gov/pubmed/32947623

	Introduction 
	FICE 
	Contrast Capsule 
	Detection of Lesions 
	Characterization of Lesions 
	Colon Capsule Endoscopy 
	Conclusions 
	Discussion 
	References

