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Abstract

Capsule endoscopy (CE) is a recently developed diagnostic method for diseases of
the small bowel that is non-invasive, safe, and highly tolerable. Its role in patients
with inflammatory bowel disease has been widely validated in suspected and
established Crohn'’s disease (CD) due to its ability to assess superficial lesions not
detected by cross-sectional imaging and proximal lesions of the small bowel not
evaluable by ileocolonoscopy. Because CE is a highly sensitive but less specific
technique, differential diagnoses that can simulate CD must be considered, and its
interpretation should be supported by other clinical and laboratory indicators.
The use of validated scoring systems to characterize and estimate lesion severity
(Lewis score, Capsule Endoscopy Crohn’s Disease Activity Index), as well as the
standardization of the language used to define the lesions (Delphi Consensus),
have reduced the interobserver variability in CE reading observed in clinical
practice, allowing for the optimization of diagnoses and clinical management
strategies. The appearance of the panenteric CE, the incorporation of artificial
intelligence, magnetically-guided capsules, and tissue biopsies are elements that
contribute to CE being a promising, unique diagnostic tool in digestive tract
diseases.

Key Words: Capsule endoscopy; Inflammatory bowel disease; Crohn’s disease; Artificial
intelligence; Capsule Endoscopy Crohn’s Disease Activity Index; Lewis score
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Core Tip: Capsule endoscopy (CE) is the non-invasive diagnostic method of choice for
visualizing the small bowel. Its utility is widely validated in both suspected and
established Crohn’s disease (CD) due to its high sensitivity for detecting early lesions
and a high negative predictive value. CE enables estimating the activity and extent of
disease, establishing prognosis, and evaluating the therapeutic response in patients with
CD. New technologies, such as the panenteric CE and the recent incorporation of
artificial intelligence to CE image analysis, render CE an attractive, unique diagnostic
tool for diseases of the digestive tract in the future.

Citation: Pérez de Arce E, Quera R, Nuifiez F P, Araya R. Role of capsule endoscopy in
inflammatory bowel disease: Anything new? Artif Intell Gastrointest Endosc 2021; 2(4): 136-
148

URL: https://www.wjgnet.com/2689-7164/full/v2/i4/136.htm

DOI: https://dx.doi.org/10.37126/aige.v2.i4.136

INTRODUCTION

Capsule endoscopy (CE) is a non-invasive diagnostic method of increasing
development in the study of small bowel diseases. Since its appearance in 2000[1], it
has shown its greatest utility in studying obscure gastrointestinal bleeding, celiac
disorder, polyposis syndromes, and Crohn’s disease (CD). The role of CE in inflam-
matory bowel disease (IBD), especially in CD, has been extensively investigated in the
diagnosis of suspected CD and the management of established CD for the evaluation
of disease severity, extent, and response to treatment[2]. The main advantage of CE
over ileocolonoscopy is its ability to visualize the mucosa of the proximal small bowel,
and compared to imaging studies, its ability to detect superficial mucosal ulcerations
missed on magnetic resonance enterography (MRE)[3] and computed tomography
enterography[4]. This point is fundamental, considering that studies report that the
involvement of the small bowel affects up to 66% of patients diagnosed with CD[5],
corresponding to up to 90% of lesions located in the terminal ileum accessible by
ileocolonoscopy[6]. Before CE development, the proximal small bowel was examined
using indirect imaging methods such as radiography, cross-sectional imaging, and
enteroscopy. Detection of lesions in the proximal small bowel is critical due to the
implications for managing patients with CD. Jejunal lesions visualized by CE have
been found in up to 56% of patients with CD, and these are associated with more
severe disease and more rapid progression[7]. Moreover, the role of CE in ulcerative
colitis (UC) is not well established because the evidence remains limited. In recent
years, remarkable advances in CE technology and design, and the recent use of
artificial intelligence, have improved its diagnostic yield in CD.

This review aims to assess the role of CE in IBD and discusses advances in the field
and their implications for clinical practice going forward.

DIAGNOSTIC YIELD OF CE IN PATIENTS WITH CD

Studies comparing the diagnostic yield of CE with other diagnostic techniques in
patients with CD conclude that CE has a high sensitivity[4,8] and a high negative
predictive value (NPV)[9]. However, the diagnostic accuracy of CE has not been
determined due to the lack of a gold standard for the diagnosis of CD. A meta-analysis
[8] found that CE had a better diagnostic yield than small bowel radiography [52% vs
16%; incremental yield (IY) 32%, P < 0.0001, 95% confidence interval (CI) = 16%-48%],
computed tomography enterography (68 vs 21%; 1Y 47%, w = 47%, P < 0.00001, 95%CI
= 31%-63%), and ileocolonoscopy (47 vs 25%; IY 22%, P = 0.009, 95%CI = 5%-39%) in
unsuspected CD patients. Similarly, in patients with established CD, CE also outper-
formed these diagnostic tests[8]. Furthermore, CE was superior to MRE in detecting
small bowel lesions in patients with CD, mainly superficial and proximal lesions[10].
A subsequent meta-analysis of 13 studies[3] compared the diagnostic performance of
CE with MRE and small bowel contrast ultrasound imaging for the evaluation of small
bowel CD. These authors found that the diagnostic yield of CE was similar to MRE
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[odds ratio (OR) 1.17; 95%CI: 0.83-1.67] and small bowel contrast ultrasound (OR 0.88;
95%Cl: 0.51-1.53) when detecting lesions in the small bowel for both established and
suspected CD. However, CE was superior to MRE in detecting proximal small bowel
lesions (OR 2.79; 95%ClI: 1.2-6.48).

In a recent study among the pediatric population, CE was as sensitive as MRE in
identifying inflammatory activity in the terminal ileum and the proximal small bowel;
however, the distribution of small bowel inflammation was more extensive when
characterized by CE[11].

In summary, the diagnostic yield of CE is at least similar to MRE for established CD
in the evaluation of the small bowel. However, the main advantage of CE is the
detection of the most proximal and superficial lesions missed on MRE. In suspected
CD, CE is more useful when the ileocolonoscopy results are negative.

DIAGNOSTIC SCORES IN CE

At the moment, there are no established diagnostic criteria for the diagnosis of CD by
CE. Currently, the Lewis score (LS)[12,13] and Capsule Endoscopy Crohn’s Disease
Activity Index (CECDAI)[14] are the two validated diagnostic indexes for the
evaluation of CE images. Their results must be interpreted in the patient’s clinical
setting because lesions are not pathognomonic for CD and can be found in other
inflammatory conditions. The LS was the first and most widely used index for
evaluating inflammatory changes in the mucosa of the small intestine, which is
divided into three tertiles according to the transit time estimated using CE. Each
characteristic CD finding (villous edema, ulceration, stenosis) is assigned a score for
each tertile. The final result of the LS corresponds to the tertile with the highest score,
in addition to the stenoses score. A score < 135 is considered normal or clinically
insignificant inflammation; from 135 to 790 indicates mild inflammation; and > 790
moderate to severe inflammation[12]. The CECDALI evaluates the proximal and distal
segments of the small bowel using an inflammation score (A; 0-5), an extent score (B;
0-3), and a stricture score (C; 0-3), which are combined using the formula A x B + C.
The total score (from 0-26) results from adding both the proximal and distal segments.
A higher CECDAI score reflects more severe mucosal inflammation[14]. Although
there is a good correlation between the LS and CECDAI (Pearson’s = 0.81, P = 0.0001)
[15], a recent study of 102 patients with CD found that CECDAI was superior to LS in
reflecting active intestinal inflammation[16]. Recently, Eliakim et al[17] published the
Eliakim score, a quantitative measure for PillCam™ Crohn’s with excellent reliability
that significantly correlates with LS and fecal calprotectin (FC).

CE READING METHOD

So far, manual video review is the method of choice for the detection of lesions in CE.
However, a fast-reading method is offered by TOP100, a new software tool in RAPID
Reader version 9.0[18]. TOP100 automatically selects the 100 best images from the
video with relevant findings, allowing the LS to be calculated quickly. An initial study
that compared both reading techniques found agreement in 89.6% of cases calculated
by TOP100 as having LS > 135 and those calculated by manual review of the video.
Despite these encouraging results, TOP100 should not replace the traditional reading
method but rather constitutes a complementary tool for quick LS calculation[18].

DESCRIPTION OF LESIONS WITH CE

Although studies have shown the usefulness of CE in identifying small bowel lesions,
one of the difficulties in IBD studies was the lack of nomenclature and descriptions of
small bowel lesions. The high interobserver variability in the interpretation and
evaluation of the severity of the lesions has both clinical and research implications.
Published in 2005, the Capsule Endoscopy Structured Terminology (CEST)[19] is an
international consensus on standardized terminology for the findings or lesions
detected by CE and also contains guidelines for reporting these findings (structure and
content). However, the description of ulcerative and inflammatory lesions in the CEST
is ambiguous and limited and, as such, fails to inform clinicians as to which type of
lesion is most suspicious for the diagnosis of CD. Therefore, the international Delphi

AIGE | https://www.wjgnet.com 138 August 28,2021 | Volume2 | Issued |



Jaishideng®

Pérez de Arce E et al. Capsule endoscopy in inflammatory bowel disease

consensus statement established seven definitions describing the ulcerative and
inflammatory lesions seen in CD by CE: aphthoid erosion, deep ulceration, superficial
ulceration, stenosis, edema, hyperemia, and denudation[20]. The use of a common
language enables standardizing the results of clinical studies and improves patients’
health care (Figure 1).

The use of virtual chromoendoscopy, such as flexible spectral color enhancement
(FICE), can also be applied in the revision of CE images to improve the visualization of
any lesions. FICE enhances mucosal surface patterns using software to convert white
light images to certain ranges of wavelengths (red, blue, green). A systematic review
and meta-analysis of 13 studies found that the use of FICE failed to significantly
improve the injury detection rate in CE[21].

RETENTION OF CE

The CE retention rate (not passed in more than two weeks post-ingestion or less if
endoscopic or surgical intervention is required)[22] in the general population ranges
from 1.0% to 2.5%[23]. Due to the potential occurrence of stenosis in patients with CD,
the retention rate in patients with suspected CD is 2.35%, and with established CD is
up to 4.63%[24]. The risk of EC retention can be estimated with a patency capsule
(Pillcam™), a capsule with a lactose body, and a barium section for follow-up by
fluoroscopy. The disintegration that induces deformation of the capsule or non-
expulsion after 30 h suggests small bowel stenosis[23]. The NPV of the patency capsule
to predict CE retention ranges from 98% to 100%[25,26]. Given the high risk of CE
retention in patients with established CD, and due to the impossibility of distin-
guishing high from low-risk retention in the clinic, the use of a patency capsule is
recommended before CE[24].

CE IN IBD: CLINICAL SCENARIOS

The main clinical scenarios for the application of EC for IBD are both suspected and
established CD. CE studies in UC are limited.

CE and suspected CD

The European Society of Gastrointestinal Endoscopy Clinical Guideline[23] and the
Clinical practice guidelines for the use of CE[27] recommend the use of CE in patients
with suspected CD and negative ileocolonoscopy[23,27] and imaging results[27] as a
diagnostic method for the evaluation of the small bowel, in the absence of obstructive
symptoms or known stricture.

In a study with 95 patients, CE excluded the diagnosis of CD if the result was
negative (NPV of 96%). Only 3% of the cases with negative CEs were diagnosed with
CD after 15 mo of follow-up[9]. Moreover, minor lesions detected by CE may be
present in more than 10% of healthy subjects[28]. Non-steroidal anti-inflammatory
drug (NSAID)-induced enteropathy is one of the main differential diagnoses of small
bowel lesions. In this setting, lesions can appear as early as 2 wk from the onset of
NSAID therapy[29,30]. Other differential diagnoses include radiation enteritis,
ischemia, Bechet’s disease, lymphoma, and gastrointestinal infections[30]. Then, the
interpretation of the findings from CE against suspected CD must be supported for
other clinical elements due to the impossibility of obtaining tissue samples by CE.

The use of biomarkers as a screening method for intestinal inflammation, such as
FC, could be useful in patients with suspected CD. FC is a cytosolic protein present in
neutrophils that is released during inflammation; as such, its elevation in stool samples
is a good indicator of intestinal inflammation[31]. Although it is highly sensitive, it is
not specific since its levels can increase in IBD, colon cancer, ischemic colitis, and
NSAID-induced enteropathy, among others[31]. Although FC has shown higher
sensitivity and a stronger correlation with inflammatory activity in UC[32], in CD, the
usefulness of FC is less established[33,34], particularly in the small bowel. However,
recent studies have shown that FC could be a useful tool for selecting which patients
should undergo CE for suspected CD when the ileocolonoscopy results are negative
due to its ability to predict inflammatory activity in CE in patients with suspected CD
[35-37]. Monteiro et al[35] found a moderate positive correlation (r = 0.56, P < 0.0019)
between FC and the LS. FC > 100 pg/g were correlated with LS > 135 in 89% of
patients, showing a sensitivity of 78.6%, specificity of 87.9%, positive predictive value
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Figure 1 Capsule endoscopy findings in Crohn’s disease. A: Deep ulceration; B: Aphthoid erosion (superficial lesion).

JBaishideng®

of 89.2%, and NPV of 76.3%[35]. Similar findings for FC[27,36,38] and, to a lesser
degree, for CRP[36,38] were described by other authors. In a subsequent meta-analysis
of 463 patients from seven studies, FC had a significant diagnostic accuracy in
detecting small bowel CD, and with FC values < 50 ng/g, the probability of a positive
diagnosis was very low[39].

Considering the available evidence and due to CE’s ability to diagnose early
disease, in patients with suspected CD (typical symptoms, elevated fecal and plasma
biomarkers, anemia, or extraintestinal manifestations of CD), CE should be performed
even if ileocolonoscopy results are positive due to the need to evaluate proximal
lesions that could determine prognosis and treatment strategies (Figure 2).

CE in established CD

The American consensus guidelines for the use of CE recommends its use in patients
with established CD when: (1) Clinical features unexplained by ileocolonoscopy or
imaging studies are present; (2) The assessment of small bowel mucosal healing (not
evaluable by ileocolonoscopy) is needed; and (3) Small bowel recurrence of CD after
colectomy is suspected, undiagnosed by ileocolonoscopy or imaging studies[27].
Recently, the European Crohn’s and Colitis Organisation and the European Society of
Gastrointestinal and Abdominal Radiology guidelines recommend CE along with
intestinal ultrasound and MRE for initial evaluation and follow-up of established CD
[40] (Figure 3).

CE in patients with CD with unexplained clinical features

The persistence of irritable bowel disease-like symptoms in patients with IBD in
remission can occur in almost one-third of patients[41,42], being more frequent in
patients with CD[42]. In a scenario where traditional diagnostics tests (ileocolonoscopy
and cross-sectional imaging) are normal, CE could play a role in evaluating the small
bowel to rule out disease activity as the symptom origin. Another clinical scenario is
the study of persistent anemia in patients with CD in remission.

CE in follow-up and prediction of relapse

Studies have shown that the clinical response to treatment does not correlate with
mucosal healing in patients with CD of the small bowel evaluated by CE[43].
Therefore, objective monitoring of disease activity in the small bowel is necessary. Hall
et al[43] conducted the first prospective study in 43 patients with CD evaluated with
CE at baseline and after 52 wk of treatment. The authors found that 90% of the patients
had an active CD in their small bowel at baseline, yet only 65% at week 52 of
treatment, with 42% of the patients achieving complete mucosal healing at week 52 (P
<0.0001, 95%CI: 0.62-0.22). Stenosis detected by CE was a poor prognostic factor for
the response to treatment in this study[43]. In a subsequent prospective study in 43
patients with CD in clinical remission, fecal biomarkers (FC, lactoferrin, and S100A12)
were good predictors of mucosal healing assessed by CE, proving useful in monitoring
the CD progression[44]. Finally, a recent prospective observational cohort study
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Fecal biomarkers elevated (FC, lactoferrin) :
¢ Clinical features (typical symptoms, EIM CD) :
: Laboratory (anaemia, elevated CRP) :

Ileocolonoscopy (positive or negative)

Obstructive symptoms
or known stenosis?

Cross sectional
imaging (MRE, CTE)

Patency capsule

Capsule Endoscopy

Figure 2 Diagnostic algorithm recommended for suspected Crohn’s disease. MRE: Magnetic resonance enterography; CTE: Computed tomography
enterography; FC: Fecal calprotectin; CRP: C-reactive protein; EIM: Extraintestinal manifestations.

Established Crohn’s di }

Ileocolonoscopy + cross
sectional imaging (MRE, CTE)

Suspected involvement small bowel?

Patency capsule

Evaluation:

: Activity of disease (severity and extension)

Mucosal healing

Post-surgical recurrence :
Nnexplained digestive symptoms in patients in remission?

: Consider in initial evaluation
- of CD extension

Patency capsule

SB permeability (+)

Capsule endoscopy

Consider using CE in the systematic follow-
up of CD for T2T, if available

Figure 3 Diagnostic algorithm recommended for established Crohn’s disease. T2T: Treat to target; MRE: Magnetic resonance enterography; CTE:

Computed tomography enterography; CD: C
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rohn’s disease; SB: Small bowel.

assessed the ability of MRE, FC, and CE to predict flare-ups in patients with quiescent
CD. CE predicted both short-term (3 mo) and long-term [24 mo, area under curve
(AUC) 0.79, 95%CI: 0.66-0.88; P = 0.0001] flares, while FC only predicted short-term
flares within 3 mo (AUC 0.81, 95%ClI: 0.76-0.85), and MRE correlated with 2-year flare
risk (AUC 0.71, 95%CI: 0.58-0.82; P = 0.024)[45].

CE and post-surgical recurrence of CD

In a recent study, Shiga et al[46] compared the postoperative follow-up for CE in
patients with CD who underwent intestinal resection with the appearance of clinical
symptoms for treatment adjustment. In the CE group, 87% residual or recurrent
lesions were found at the 3rd postoperative month. Adjusted treatment based on EC
findings revealed a strong protective effect (0.30, 0.10-0.75)[46]. This study did not
compare the use of CE with ileocolonoscopy in the postoperative follow-up. However,
it included 37% of small bowel resections not evaluable by ileocolonoscopy. Previous
studies have shown post-surgical recurrence by CE that was not detected by
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ileocolonoscopy, which has allowed active treatment in this group of patients[47].
Although ileocolonoscopy continues to be the gold standard for the search for
postoperative recurrence, CE is an excellent complementary tool, if available, that
improves diagnostic performance in this clinical setting.

CE and “treat to target” in CD

The “treat to target” strategy in CD[48] is based on the regular assessment of disease
activity by using validated outcome measures and the subsequent adjustment of
treatment of disease activity, following targets, where the main target is mucosal
healing. A recent systematic review that included 47 studies highlighted CE as an
objective method of evaluating CD activity that enables reclassifying patients with CD,
monitoring the effect of medical treatment through the evaluation of mucosal healing,
and detecting postoperative recurrence[49]. Owing to its diagnostic accuracy, CE could
be incorporated into the “treat to target” management of patients with CD[49].
However, larger, randomized, controlled trials are necessary to confirm these findings.

CE and IBD - undefined

CE allows the classification of patients with a diagnosis of IBD-undefined (IBD-U)[50-
53], where the inflammatory involvement of the colon cannot differentiate between UC
and CD. IBD-U occurs in up to 10% to 15% of patients[54], and at least 15% to 30% of
patients will be reclassified as having CD during their disease[50,55]. Establishing this
difference is important from a surgical point of view regarding the selection of the
type of surgery and which complications to expect in patients with CD and, from the
medical point of view, in the selection of the type of biological therapies.

CE and UC

The role of CE in the evaluation of the colonic mucosa in UC is unclear. Colon CE
(CCE and later CCE-2 or second-generation) was developed in 2006 and was designed
for non-invasive visualization of the colon[56]. A systematic review showed that the
diagnostic accuracy of CCE in the colon is comparable with ileocolonoscopy in
assessing the severity and extent of the disease[57]. However, some studies with a
small number of patients have found a weak correlation between the findings from
CCE and colonoscopy, which supports the latter for the evaluation of the mucosa in
uUC[58,59].

Regarding the evaluation of the small intestine in UC, a prospective observational
study (capcolitis) on CE in 127 patients with known UC found that only 4% of the
diagnoses changed to CD upon evaluating the small bowel with CE[60].

PANENTERIC CE

Panenteric CE (PCE) is a new type of CE similar to PillCam™ COLON 2 (CCE-2) and is
currently known as PillCam™ Crohn’s System (Medtronic, Dublin, Ireland)[61].
PillCam™ Crohn’s System is designed for the evaluation of the mucosa of patients
with CD. This capsule has a field of view that allows for a 344° view between both
capsule heads to provide a pan-intestinal panoramic visualization. The rate frame of
PillCam™ Crohn’s System ranges from 4-35 frames per second depending on the
speed of the capsule into the gut and has an operating time of more than 12 h[61]. PCE
was first described in a multicenter prospective study where it demonstrated a better
diagnostic yield of PCE than ileocolonoscopy in 66 patients with active CD who
underwent both modalities[62]. The authors found that the per-subject diagnostic
yield rate for active CD lesions was 83.3% for PCE and 69.7% for ileocolonoscopy
(vield difference 13.6%; 95%CI: 2.6%-24.7%), and the per-segment diagnostic yield rate
was 40.6% for PCE and 32.7% for ileocolonoscopy (yield difference 7.9%; 95%CI:
3.3%-12.4%)[62].

In an observational cohort study performed on 93 patients (established CD: 71 and
suspected CD: 22), the use of PCE allowed to change the treatment in 38.7% of patients
[63]. Moreover, Montreal classification was up-staged in 33.8% of patients with
established CD, and identifying proximal small bowel disease in 12.7% predicted
treatment intensification[63]. A recent prospective, multicenter study in patients with
established CD found that sensitivity of PCE was superior to MRE for proximal small
bowel inflammation (97% vs 71%, P = 0.021) and similar to MRE and/or
ileocolonoscopy in the terminal ileum and colon[64]. However, the overall sensitivity
for active enteric inflammation for CE vs MRE and/or ileocolonoscopy was similar
(94% vs 100%, P = 0.125), but the specificity was 74% vs 22%, respectively (P = 0.001)
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[64]. In the pediatric population, a prospective study in 48 children with CD found that
PCE led to a change in therapy for 71% of patients at baseline and 23% at 24 wk. A
“treat to target” strategy in these children led to increased mucosal healing and deep
remission from 21% at baseline to 54% at week 24 and 58% at week 52[65]. A recent
multicenter study[66] compared the 344° panoramic-view recorded by PillCam™
Crohn’s System (lesions detected by cameras A and B) with the standard 172°-view
(lesions detected by one camera only) in 41 patients who underwent CE for suspected
or established CD. The study found that the panoramic 344°-view increased small
bowel CE accuracy vs the standard 172°-view, detecting a greater number of relevant
lesions (56.1% vs 39.0%; P = 0.023), resulting in higher LS (222.8 vs 185.7; P = 0.031),
and improved clinical management (48.8% vs 31.7%, P = 0.023)[66].

PCE, as the only study modality, could reduce costs associated with the evaluation
of patients with CD, considering the need for MRE and ileocolonoscopy for the
complete evaluation of the intestine in these patients. Furthermore, PCE is a safe
method preferred by patients[64] that does not require sedation, representing
advantages for the pediatric population[65].

Table 1 presents the main characteristics of the capsules used in IBD.

In summary, based on the available literature, CE is essential in evaluating patients
with CD. The finding of lesions in the small bowel detected by CE and not observed in
conventional studies (cross-sectional imaging, ileo-colonoscopy) determines changes
in the Montreal classification in patients with CD[10]. This leads to a modification of
the therapeutic strategies, with the earlier introduction of immunomodulators and/or
biological therapy, improving the prognosis of these patients[67].

ARTIFICIAL INTELLIGENCE IN CE AND ITS APPLICATION IN IBD

In recent years, the development of artificial intelligence (AI) in medicine has made it
possible to apply this technology to the automated identification of images on CE. Al,
through deep learning artificial neural network (ANN) algorithms[68], facilitates
image recognition according to which characteristics the algorithm chooses for itself
based on what it considers best for that task, which requires much less time than
conventional readings by endoscopists (5.9 min vs 96.6 min)[69]. Convolutional neural
network (CNN), a type of ANNJ[68] applied to CE, has shown excellent performance
for the detection of ulcers, polyps, celiac disease, and bleeding[69].

A recent study by Klang et al[70] evaluated the accuracy of CNN for the detection of
ulcers in CD on CE for image sets from 49 patients. They reported an AUC of 0.99 for
split images and accuracies ranging from 95.4% to 96.7%. The AUC for individual
patients was 0.94 to 0.99[69]. Also, the use of CNN enabled characterizing the severity
of ulcers on CE images in patients with CD with high accuracy in the detection of
severe CD ulcerations and better differentiation between mild and severe ulceration
(accuracy 0.91, 95%CI: 0.867-0.954) but a less accurate separation of moderate from
severe: (Accuracy 0.78, 95%CI: 0.716-0.844) and mild vs moderate (accuracy 0.624,
95%ClI: 0.547-0.701)[71]. Undoubtedly, this technology provides accurate and rapid
detection of ulcers from CE images, thereby decreasing reading times. Moreover, deep
neural networks are highly accurate in detecting stenosis in CE images (accuracy
93.5%) and differentiating between stenosis and healthy mucosa (AUC 0.989), stenosis,
and all ulcers (AUC 0.942), and stenosis and different degrees of ulcer severity[72]. In
another area, recent studies suggest that CNN would allow for the automatic
evaluation of the degree of intestinal cleansing in CE studies, which could serve as a
means of comparing different intestinal preparation methods and thus design
recommendations[73].

Despite the encouraging results on the use of Al on CE in IBD, prospective studies
are necessary to evaluate its usefulness in the diagnosis and follow-up in CD.

OTHER NEWS IN CE

Because CE passage is passive and dependent on the peristalsis of the intestine, only
80 to 90% of patients have their entire intestine visualized. Thus, up to 30% of minor
injuries may not be seen during the study[23]. One of the new challenges is the
possibility of directing the navigation of the CE in the intestine. Magnetically-assisted
CE (MACE) has been tested as a screening tool in gastric cancer[74], Barrett’s
esophagus, and esophageal varix[75]. MACE has generated results comparable with
esophagogastroduodenoscopy in detecting focal lesions[76] and the study of iron

AIGE | https://www.wjgnet.com 143 August 28,2021 | Volume2 | Issued |



Pérez de Arce E et al. Capsule endoscopy in inflammatory bowel disease

Table 1 Characteristics of available capsule endoscopy systems for the study of inflammatory bowel disease

SB CE Colon CE PillCam CrohnO
(Pillcam SB30)
Dimensions 26 mm x 11 mm 32 mm x 11 mm 32.3 mm + 0.5 mm % 11.6 mm
Weight 30g 29¢g 29¢g
Camera One 2-one at each end 2-one at each end
Field of view 156° ISO-8600-3 344°: 172° ISO-8600-3 per camera 344°: 172° ISO-8600-3 per camera
Frame rate 2-6 fps (2-6) 4-35 fps (AFR) 4-35 fps (AFR)
operating time > 8 or longer (max.15) 10h Minimum of 10 hr
Operating temperature 20-40 °C 20-40 °C 20-40 °C

SB: Small bowel; CE: Capsule endoscopy; AFR: Adaptative frame rate; fps: Frames per second.

Jaishideng®

deficiency anemia[77]; however, it has not been evaluated in patients with IBD.
Other CE prototypes in development include biopsy[78] and drug delivery[79]
capabilities, which could be clinically relevant for patients with IBD in the future.

CONCLUSION

The use of CE has played a fundamental role in evaluating the small bowel of patients
with IBD, mainly in those with suspected CD and established CD. The development of
new types of capsules, such as the panenteric capsule, and the integration of Al into
CE image analysis, have improved the visualization and automated the identification
of lesions in the digestive tract using a non-invasive, safe, highly tolerated method.
Treatment optimization for patients with CD, thanks to CE findings, has improved the
course of the disease. More studies are needed to support the use of CE in the
evaluation of all patients with CD.
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