
Advanced Endoscopic
Imaging for Dysplasia

Characterization in Inflammatory
Bowel Disease
Alexander Jans, MDa,b, Pieter Sinonquel, MD, PhDa,b,
Raf Bisschops, MD, PhDa,b,*
KEYWORDS

� Dysplasia � Inflammatory bowel disease � Malignancy surveillance
� Virtual chromoendoscopy

KEY POINTS

� The presence of active inflammation, mucosal scars, and (post-) inflammatory lesions
complicate the accurate characterization of inflammatory bowel disease-related
dysplasia.

� When characterizing possible dysplastic lesions, the classification used (eg, Kudo-IBD or
Frankfurt Advanced Chromoendoscopic IBD LEsions [FACILE]) is of greater importance
than the endoscopic imaging technique used.

� Artificial intelligence (AI) shows promising results in gastrointestinal endoscopy through
computer-aided diagnostic (computer-aided detection and computer-aided characterisa-
tion [CADx]) models. However, its application in IBD dysplasia surveillance is nascent and
limited by biases in current training datasets.

� The integration of ultra-high-definition endoscopy (CLE/EC) and AI-assisted technologies
(eg, EndoBRAIN) holds potential to enhance dysplasia surveillance in IBD, offering clini-
cians powerful tools to improve outcomes and reduce colorectal cancer burden in high-
risk populations.
INTRODUCTION

Patients with colonic inflammatory bowel disease (IBD) are known to be at an increased
risk of developing colonic dysplastic lesions.1–3 This risk is most elevated in patients
with extensive Ulcerative Colitis (UC) and significantly increases 8 to 10 years after
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the initial diagnosis or when dysplasia is detected on colonic biopsies, especially in case
of high-grade dysplasia.4 A recent meta-analysis calculated that the relative risk (RR) for
development of colon cancer and rectal cancer in patients with UC is 1.99 and 1.69,
respectively.5 Similarly, in patients with Crohn’s disease (CD) there is an increase in
RR for development of colon cancer (2.30) and rectal cancer (1.85).5 This increased
risk for colorectal cancer in IBD is based on inflammation-induced carcinogenesis. In
this process, chronic inflammation induces oxidative stress-related DNA damage,
which in turn may activate tumor promotor genes and/or silence tumor suppressor
genes, leading to tissue genetic instability and eventually colorectal cancer.6

A recent systematic review showed that the incidence rate of patients with UC
developing colorectal cancer has steadily decreased over the last 60 years from
4.29/1000 py in 1950 to 1.21/1000 in the period of 2010 to 2013.7 On the one hand,
this is probably due to the recent advances in therapeutic options, leading to better
disease management. On the other hand, the establishment and broad application
of surveillance recommendations (Table 1) advocating for more frequent surveillance
colonoscopies have also led to an increased detection of early dysplastic lesions.8

Nevertheless, despite advancements in surveillance strategies and technologies, the
effective detection and characterization of dysplastic lesions remain challenging.
Currently, dye-based chromoendoscopy (DCE) has been established as the gold stan-
dard in IBD dysplasia surveillance and is incorporated in all international guidelines. This
technique uses a topical dye, such as 0.1% methylene blue or 0.1% to 0.5% indigo
carmine, to stain the entire colonic mucosa, enhancing the visualization of mucosal ab-
normalities. Many studies have demonstrated the superior dysplasia detection rate of
DCE compared to standard white light endoscopy (SD-WLE).9–11 However, in spite of
its superior dysplasia detection rate, the adoption of dye-based chromoendoscopy in
routine clinical practice has been very slow-going. This is partially because DCE is
more laborious since the entire colonic mucosa has to be stained, which is a time-
consuming process. Moreover, DCE is impractical in patients with suboptimal bowel
preparation.
In more recent years, dye-less or virtual chromoendoscopy (VCE) has gained inter-

est as a potential alternative technique for dysplasia detection and characterization.
This technology aims to enhance the visualization of tissue characteristics without
the use of dyes. There are 2 main classes of VCE, namely optical and digital VCE.
In optical VCE, the endoscope’s light source is equipped with special optical filters
that selectively filter white light, resulting in a so-called “narrow-band” light being
emitted from the scope. In contrast to this, digital VCE uses post-processing of the
video-output to enhance the image displayed on the monitor. Both technologies
aim to enhance the visualization and characterization of mucosal and vascular fea-
tures, hereby facilitating the detection of dysplasia.12

The use of these advanced endoscopic imaging techniques have the potential to
facilitate the detection of dysplastic lesions, allow for a better characterization of le-
sions, and reduce the number of unnecessary biopsies (Fig. 1A, B).13 Moreover,
they have the potential to improve lesions demarcation, potentially resulting in more
frequent R0 resection, guiding organ-sparing endotherapy.4
RISK FACTORS FOR DYSPLASIA

Even though patients with CD or UC have an increased risk for development of colo-
rectal cancer, the absolute risk remains rather low.5 The cumulative incidence of colo-
rectal cancer was calculated to be 2.5% after 20 years and 10.8% after 40 years by
Rutter and colleagues14 Numerous risk factors for colorectal cancer development,



Table 1
Summary of recent international recommendations for dysplasia surveillance

Imaging Modality Biopsies Reference

European Society of Gastrointestinal
Endoscopy (2019)

Dye-based pancolonic chromoendoscopy
or Virtual chromoendoscopy

� Targeted biopsies in patients with
quiescent disease, adequate bowel
preparation and proper endoscopist
training

� Targeted biopsies plus 4-quadrant
random biopsies every 10 cm in high-
risk patients (personal history of
colonic neoplasia, tubular appearing
colon, strictures, or primary sclerosing
cholangitis [PSC])

Bisschops et al,13 2019

European Crohn’s and Colitis
Organization(2023)

Dye-based chromoendoscopy or Virtual
chromoendoscopy

� Targeted biopsies
� Random biopsies in high-risk patients
(PSC or history of dysplasia)

Gordon et al,4 2023

American Gastroenterology Association
(2021)

Dye-based chromoendoscopy (preferably
with high-definition endoscope) or
alternatively virtual chromoendoscopy
with a high-definition endoscope.

� Targeted biopsies when using dye-
based or virtual chromoendoscopy

� Random biopsies when using standard
definition white light endoscopy

� Random biopsies in patients with
history of dysplasia or PSC.

Murthy et al,17 2021

British Society for Gastroenterology
(2019)

� High-definition endoscope
recommended over standard definition
when using white light endoscopy

� Chromoendoscopy is recommended
over white light endoscopy when using
standard definition endoscopes

� Chromoendoscopy is suggested over
white light endoscopy when using
high-definition endoscopes

� Narrow band imaging is not suggested

Targeted biopsies recommended Lamb et al,16 2019
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Fig. 1. Example of dye-based chromoendoscopy and i-scan virtual chromoendoscopy. (A)
Detection of a small (4 mm), flat tubular adenoma with low-grade dysplasia in the colon as-
cendens using methylene-blue dye-based chromoendoscopy. (B) Improved visualization of a
small (5 mm) tubular adenoma with low- grade dysplasia in the sigmoid using i-scan virtual
chromoendoscopy.
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such as male sex, young age at disease onset, disease duration greater than 8 years,
extensive colonic disease, and presence of concomitant primary sclerosing cholangi-
tis (PSC), have been identified over the years.8,15

Disease duration is one of the best-known risk factors. The incidence of dysplasia
and colorectal cancer increases over time, rarely occurring within the first 6 to 8 years
after disease onset. The same study calculated that the incidence of dysplasia is only
1.5% after 10 years and increases to 15.8% after 30 years of disease duration.14

Therefore most surveillance guidelines advise to start screening colonoscopies 6 to
8 years after onset of symptoms (see Table 1).4,13,16,17

Disease location and/or disease extent represents another significant risk factor.
There was a marked increase in standardized incidence rate (SIR) of colorectal cancer
in patients with UC pancolitis (SIR 2.4–14.8) compared to patients with less extensive
left-sided UC colitis (SIR 1.4–2.8). However, in patients with UC limited to the rectum,
no increased colorectal cancer risk was observed.4,18 In patients with CD, involvement
of the colon was associated with an increased risk of colorectal cancer, usually in the
distal colorectum.4,19,20

Many individual studies have shown that the concomitant presence of PSC signifi-
cantly increases the risk of dysplasia. A recent systematic review reported that the
presence of PSC was associated with an odds ratio (OR) of 4.14 (95% CI, 2.85–
6.01).8 Analogously, a high inflammatory burden, the presence of post-inflammatory
polyps, and a stricturing phenotype have also been identified as significant risk factors
for developing colorectal cancer.4,8,21

DYSPLASIA TERMINOLOGY

The accurate optical characterization of dysplasia in IBD presents significant chal-
lenges. Upon diagnosis of a dysplastic lesion, clear and consistent endoscopic termi-
nology should be used to describe it. The European Crohn’s and Colitis Organization
guidelines have suggested a systemic approach (“Five S00) to describe dysplasia in IBD
(Table 2).4

The first “S” refers to the localization of the lesion (“Site”). Using the biopsy forceps
as reference, the size of the lesion can be grossly measured (“Size”). Next, classifica-
tion of the lesion using the Modified Paris classification should be performed
(“Shape”). Lesions are considered polypoid when they protrude �2.5 mm into the



Table 2
Standardized approach to visible dysplasia in inflammatory bowel disease (European Crohn’s
and Colitis Organization guidelines 2023)

Classification of Visible Dysplasia in Inflammatory Bowel Disease

Site Describe localization of the lesion

Size Estimate lesion size using biopsy forceps as reference.

Shape Polypoid lesion (Modified Paris Ip or Is) vs non-polypoid lesion (Modified
Paris IIa, IIb, IIc)

Distinct borders vs indistinct borders

Surface Kudo classification
Frankfurt Advanced Chromoendoscopic IBD LEsions classification

Surroundings Mucosal activity, surrounding lesions or submucosal fibrosis

Adapted from Gordon, H., et al. (2023). ECCO Guidelines on Inflammatory Bowel Disease and Ma-
lignancies. Journal of Crohn’s and Colitis, 17(6), 827–854. https://doi.org/10.1093/ecco-jcc/jjac187.

Dysplasia Characterization in IBD 183
lumen (Modified Paris well-circumscribed pedunculated Ip and sessile Is).
Non polypoid lesions consist of Modified Paris flat elevated IIa, flat IIb, and flat-
depressed IIc lesions. The borders of the lesion can be described as distinct or
indistinct.4,22 Subsequently, the surface of the lesion should be described using stan-
dardized classifications such as the Kudo’s pit pattern classification, the modified
Kudo classification, or the Frankfurt Advanced Chromoendoscopic IBD Lesions
(FACILE) classification (“Surface”).4,23,24 Lastly, relevant changes to the surroundings
of the lesion, such as mucosal activity, surrounding lesions or tethering should be
described (“Surroundings”).4

SELECTION OF IMAGING MODALITY

All international guidelines currently recommend the routine use of 0.1% methylene
blue or 0.1% to 0.5% indigo carmine pancolonic chromoendoscopy (DCE) with tar-
geted biopsies for dysplasia surveillance. In patients with a high risk of dysplasia,
random 4 quadrant biopsies every 10 cm are recommended in addition to the targeted
biopsies of all visible lesions.4,13,16,17 However, there are certain limitations associated
with the use of DCE. Poor bowel preparation, presence of active inflammation at the
time of investigation, and/or presence of pseudopolyps are most frequently associ-
ated with failure to accurately perform DCE.25 Moreover, DCE should only be per-
formed by trained endoscopists, although until the publication of the European
Society of Gastrointestinal Endoscopy training curriculum for optical diagnosis in
2020, there was no definition of what this training should consist of or what compe-
tence standards endoscopists should reach.26

Following several new studies demonstrating that VCE, specifically i-scan (Pentax,
Japan) and Narrow-band imaging (NBI, Olympus, Japan), has a non-inferior dysplasia
detection rate compared to DCE in IBD dysplasia surveillance, international guidelines
have started suggesting VCE as an alternative technique to DCE.4,13,16,17,27–32 VCE
has the additional advantage of being inherently more practical as well as less time-
consuming than performing a pancolonic dye stain.27–32

ENDOSCOPIC MUCOSAL CLASSIFICATIONS FOR INFLAMMATORY BOWEL DISEASE-
RELATED DYSPLASIA

Advanced endoscopic imaging techniques, such as DCE and VCE have been
described to improve dysplasia detection in IBD, but the accuracy of characterization

https://doi.org/10.1093/ecco-jcc/jjac187
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of these advanced techniques remains controversial. Some guidelines, such as the
SCENIC guidelines,22 either do not mention these techniques or offer conclusions
that are overly simplified and not easily applicable in everyday clinical practice.
Beyond the challenge of correctly distinguishing non-dysplastic from dysplastic le-
sions, the presence of inflammatory and post-inflammatory changes further compli-
cates the accurate characterization of IBD-related dysplasia.33

KUDO’S PIT PATTERN CLASSIFICATION

Even though the Kudo’s pit pattern classification (Fig. 2) was originally developed for
use in magnifying endoscopy in combination with Indigo Carmine and Cresyl Violet
staining, it offers a structured approach to differentiate dysplastic and non-
dysplastic colonic lesions based on their mucosal pit patterns.34 For practical applica-
tion in UC surveillance, a dichotomous approach to the Kudo classification has been
proposed: Kudo’s pit pattern type I (round pit pattern, typically indicative of normal
colonic mucosa) and type II (stellar or papillary pattern, typically indicative of hyper-
plastic mucosa) are indicative of benign lesions, whereas type III and V are typically
indicative of dysplastic changes.9 Comprehensive training in the Kudo classification
remains essential in enhancing its diagnostic reliability. In the absence of any prior
experience in dysplasia characterization in IBD, it is advised to biopsy any visible
lesion for histologic diagnosis and feedback. Additionally, it is important to recognize
that optical diagnosis using the Kudo classification is not without its limitations. There-
fore, the authors suggest taking biopsies from all visible lesions which are not typical
type I pseudopolyps or hyperplastic polyps, in order to avoid missing dysplastic le-
sions. In case of large lesions and especially when the confidence is low, biopsies
should be taken for histologic confirmation.23

The use of this dichotomous classification in non-magnified high definition chro-
moendoscopy (HD-CE) and NBI shows good diagnostic accuracy; however, a signif-
icant inter-observer variability was noted, largely due to differences in expertise.23 This
latter study also demonstrated that the assessment of pit pattern I or II with non-
magnified HD-CE or NBI had a high negative predictive value (88%) to rule out
dysplasia, with an acceptable sensitivity of 77%.23 However, due to regenerative
and inflammatory artifacts, which are very common in IBD, and because it was origi-
nally developed for magnification endoscopy, the use of the Kudo classification for
Fig. 2. Kudo’s pit pattern classification.
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IBD dysplasia characterization remains controversial. Therefore, it is important to
remember that the absence of active inflammation remains a prerequisite for good-
quality screening and to enable the optical diagnosis based on the pit pattern.

MODIFIED KUDO CLASSIFICATION (KUDO-INFLAMMATORY BOWEL DISEASE)

In a sub-analysis of a prospective study involving 205 lesions from UC patients under-
going surveillance endoscopy with Fujinon intelligent chromoendoscopy (FICE),
Cassinotti and colleagues identified 4 endoscopic predictors––pit heterogeneity,
micro-vessel positivity, presence of fibrin cap, and endoscopic inflammatory activ-
ity—to enhance the accuracy of the Kudo classification. Pit heterogeneity was signif-
icantly more frequently observed in dysplastic versus non-dysplastic lesions (91% vs
33%). Micro-vessel positivity (irregular, visible vessels) was also significantly associ-
ated with dysplastic lesions (48% vs 7%). The presence of a fibrin cap or inflammatory
activity on the surface of the lesion was on the other hand negatively associated with
dysplastic lesions.35 The implementation of these endoscopic predictors resulted in
the development of the Kudo-IBD classification (Fig. 3). The diagnostic performance
of the Kudo-IBD classification versus standardWLEwas significantly better (sensitivity
Fig. 3. Modified Kudo classification (Kudo-inflammatory bowel disease [IBD]). (From Cassi-
notti A, Fociani P, Duca P, Nebuloni M, Davies SEC, Sampietro G, Buffoli F, Corona A, Maconi
G, Ardizzone S. Modified Kudo classification can improve accuracy of virtual chromoendo-
scopy with FICE in endoscopic surveillance of ulcerative colitis. Endosc Int Open. 2020
Oct;8(10):E1414-E1422. https://doi.org/10.1055/a-1165-0169. Epub 2020 Sep 22. PMID:
33015345; PMCID: PMC7508663.)

https://doi.org/10.1055/a-1165-0169
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93% vs 64%, specificity 97% vs 86%).36 Additionally 2 recent studies by the same
research group support the use of the Kudo-IBD classification with other types of
VCE, namely i-scan and NBI.37,38

FRANKFURT ADVANCED CHROMOENDOSCOPIC INFLAMMATORY BOWEL DISEASE
LESIONS CLASSIFICATION

A more recent approach to the optical diagnosis of dysplastic lesions in IBD is the
FACILE classification (Fig. 4). This multimodal classification system leverages
advanced imaging techniques (DCE, i-scan and NBI), abandoning the traditional
Kudo’s pit pattern classification. The FACILE classification incorporates 4 key char-
acteristics predictive of dysplastic histology: non-polypoid morphology, irregular
surface and vascular patterns, and the presence of any inflammation within the
lesion. Diagnostic accuracy using this classification reached 85% when high-
confidence diagnoses were made by experienced endoscopists.24 Moreover, the
FACILE classification has shown potential for enhancing diagnostic capabilities
among trainees. After undergoing training with the FACILE system, trainees without
prior endoscopic expertise achieved a sensitivity of 80% and an accuracy of 77% in
lesion characterization, demonstrating significant improvement in their diagnostic
performance. This result highlights the FACILE classification’s utility in both expert
and novice settings, potentially standardizing and improving dysplasia detection
in IBD patients.24,39
Fig. 4. Frankfurt Advanced Chromoendoscopic IBD LEsions classification. (From Iacucci M,
McQuaid K, Gui XS, Iwao Y, Lethebe BC, Lowerison M, Matsumoto T, Shivaji UN, Smith
SCL, Subramanian V, Uraoka T, Sanduleanu S, Ghosh S, Kiesslich R. A multimodal (FACILE)
classification for optical diagnosis of inflammatory bowel disease associated neoplasia.
Endoscopy. 2019 Feb;51(2):133-141. https://doi.org/10.1055/a-0757-7759. Epub 2018 Dec 12.
PMID: 30541154.)

https://doi.org/10.1055/a-0757-7759
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NEXT GENERATION ENDOSCOPY
Confocal Laser Endomicroscopy

Confocal Laser Endomicroscopy (CLE) is a relatively new endoscopic technique which
was introduced approximately 15 years ago. Nowadays, classical CLE (using a propri-
etary CLE-capable endoscope) has mainly been replaced by Probe-based Confocal
Laser Endomicroscopy (pCLE). pCLE is performed by administering intravenous or
topical fluorescein, after which the colonic mucosa can be microscopically evaluated
with the use of a special probe that is passed through the working channel of the endo-
scope. This probe emits a laser light which penetrates the mucosa to a depth up to
250 mm. Through this technique, the endoscopist can in vivo evaluate the crypt archi-
tecture, microvessels, inflammatory cell infiltration in the lamina propria, and
increased vascular permeability as evidenced by intraluminal and intracryptic fluores-
cein leakage, enabling a comprehensive structural and functional assessment of the
colonic mucosa.40–42

The role of pCLE in IBD endoscopy has been investigated over the last years and
many studies have shown promising results in prediction of clinical response (eg, pre-
diction of clinical response to anti-tumor necrosis factor [TNF] therapy in CD),43 in
differentiating CD from UC,44 and assessment of disease activity.45 However, pCLE
can also play a role in the detection of dysplasia in patients with IBD. One randomized
study found that chromoendoscopy with CLE was able to detect 4.75 � more
dysplastic lesions compared to conventional endoscopy. Moreover, in this same
study, 50% fewer biopsies were required when using chromoendoscopy with
CLE.45 Another study confirmed the high diagnostic accuracy of CLE for the detection
of dysplasia compared to standard histology. In this study, CLE showed a sensitivity of
100% and a specificity of 90%, with a positive predictive value of 83% and a negative
predictive value of 100%.46 On the other hand, an RCT by Freire and colleagues
showed no improvement in diagnostic yield when using CLE in the setting of dysplasia
surveillance in longstanding IBD. This study confirmed, however, that the use of CLE
was associated with a decreased number of biopsies and an increased per-biopsy
yield for dysplasia, at the cost of a longer procedural time.47 When investigating the
incremental diagnostic yield and accuracy of CLE over CE, 3 prospective studies
showed that the use of CLE showed no additional advantage over the use of chro-
moendoscopy (CE) in dysplasia surveillance in IBD.48,49 Regarding the feasibility of
pCLE, van den Broek and colleagues calculated that the use of pCLE leads to an in-
crease of approximately 30 to 40 minutes in procedural time, with the possible addi-
tion of extra time when lesions are detected and need to be examined with pCLE.50

This same study also examined the specificity of CLE, which was only 82%. The rather
low specificity of CLE compared to standard histology can be explained because hy-
perplastic and inflamed patches of colon mucosa frequently display a reduction in
goblet cells and an increase in striped/irregular epithelium, which is also seen in
dysplasia.50

Despite the potential of (p)CLE, the high cost of equipment, increased procedural
time, frequent equipment failure due to lens distortion, and uncertain incremental ad-
vantages of (p)CLE over chromoendoscopy (CE) are significant hindrances to the
routine clinical adoption of (p)CLE for dysplasia screening in IBD.42
Endocytoscopy

Endocytoscopy (EC) is an endoscopic technique that allows ultra-high-magnification
(450 ��–1400 �) imaging of the gastrointestinal mucosa. This technique requires the
use of an absorptive staining agent, such as methylene blue, and a mucolytic agent (ie,
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N-acetylcysteine), which is sprayed upon the mucosa. Utilizing a proprietary EC sys-
tem, this technique provides a real-time view of the superficial mucosal cells, including
inflammatory cells, and allows for the observation of their cell morphology, mucosal
surfaces, and nuclear details.40,42

EC has been shown to be useful in the assessment of inflammation using the EC
scoring system “ECSS,” to predict mucosal healing (increase in goblet cells and
mucus production) or predict relapse using the ECSS. On the role of EC in dysplasia
characterization in IBD, little evidence is currently available. One study found that
irregularly formed nuclei (including fusiform nuclei and enlarged nuclei) was indicative
of colorectal dysplasia.51 A recent retrospective study by Kudo and colleagues
compared the diagnostic accuracy of EC compared to classical pit pattern analysis
for the diagnosis of UC-associated neoplasia (UCAN). This pilot study demonstrated
that EC could effectively be used to predict UCAN based on nuclear irregularities.52

While EC has the potential of becoming a powerful tool for dysplasia characterization
in IBD, it also has certain limitations which may hinder its clinical adoption for
dysplasia characterization. One significant challenge associated with the use of EC
in IBD dysplasia surveillance is that neo-vascularization, which commonly occurs dur-
ing inflammation, can mimic malignancy, leading to potential misclassifications.42

Furthermore, there is a lack of studies investigating the additional advantage of EC
over conventional endoscopy in IBD dysplasia surveillance, as well as EC has a
high procedural cost and learning curve.
Artificial intelligence (AI) has the potential to improve the diagnostic accuracy and to

reduce the interobserver variability, whilst reducing the learning curve for EC. Several
studies have already shown that EC has good compatibility with AI.53–55 The available
evidence regarding AI-assisted EC for IBD dysplasia surveillance is currently limited to
a case report of EndoBRAIN (Cybernet Systems Co, Tokyo, Japan) using NBI to iden-
tify UCAN.56 It is self-evident that further studies on the application of AI-assisted EC/
CLE for the characterization of dysplasia in IBD are necessary. Nevertheless, AI
models such as EndoBRAIN hold the potential to overcome some of the inherent lim-
itations of EC, such as accurately differentiating between inflammation-related neo-
vascularization versus dysplasia-related neo-vascularization.

Artificial Intelligence-Enhanced Endoscopy

AI is revolutionizing the medical field at an unprecedented pace. In particular, AI is
proving to be a valuable asset in digestive endoscopy, analyzing endoscopic footage
in real-time parallel to the endoscopist. This has the potential of reducing the likelihood
of errors and minimizing the inter-operator variability, ensuring a more consistent and
accurate endoscopic assessment. In non-IBD endoscopy, AI tools have been devel-
opedandvalidated that are aimed toenhance the lesiondetectionandcharacterization.
However, colorectal lesions of patients with IBD have traditionally been excluded from
the training and testingdatasets of thesemodels. Instead,most of theAI research in IBD
endoscopy has been focused on grading of disease activity, prediction of histologic
remission, automatic video capsule endoscopy reading, and differentiation/diagnosis
between the different types of IBD.57–61 These models are mostly developed using still
images rather than videos, potentially posing a hindrance for their application in
everyday clinical practice. Only recently, has the first computer-aided detection
(CADe) system been developed specifically for recognition of IBD-associated lesions.
This IBD-CADemodelwasable todetect colorectal lesions in still endoscopic imagesof
patients with IBD with high accuracy (AUC 0.85) in high definiteion White light endos-
copy (HD-WLE). This specific model was less accurate when detecting colorectal le-
sions in DCE (AUC 0.65).62 Again, this underlines the importance of the dataset that
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is usedduring the training of computer aideddetection (CADe)/computer aided charac-
terisation (CADx) models, since the backbone CADe model was trained solely on HD-
WLE images.
To the best of the authors’ knowledge, no CADx models for differentiating between

dysplastic and non-dysplastic lesions in IBD have been developed yet. However, a
Japanese research team has recently published upon a deep convolutional neural
network capable of differentiating lesions between “adenocarcinoma/high-grade
dysplasia” and “low-grade dysplasia/sporadic adenoma/normal mucosa.” This model
achieved a sensitivity of 72.5%, specificity of 82.9%, and an accuracy of 79.0%, out-
competing the expert endoscopists (respectively 60.5%/88.0%/77.8%).63
SUMMARY

IBD poses a significant risk for the development of colorectal dysplasia and cancer,
necessitating effective surveillance strategies. The presence of active inflammation,
mucosal scars, and (post-)inflammatory lesions can complicate the accurate character-
ization of IBD-related dysplasia. Advanced endoscopic imaging techniques (ie, DCE
and alternatively VCE) have been described to improve dysplasia detection in IBD.
Nevertheless, it remains unclear which technique should be favored for dysplasia char-
acterization after detection of a lesion. Recent research underscores that in the context
of IBD surveillance, the classification used to characterize the lesion (eg, Kudo-IBD or
FACILE) is of greater importance than the endoscopic imaging technique used.33 Never-
theless, the use of the conventional Kudo classification has become increasingly more
controversial for dysplasia characterization because of its low specificity, which is due
to the frequent misclassification of regenerative and inflammatory artifacts. The modi-
fied Kudo classification (Kudo-IBD), taking into account 4 endoscopic predictors (pit
heterogeneity, micro-vessel positivity, presence of fibrin cap, and endoscopic inflam-
matory activity), was shown to boast an improved accuracy compared to conventional
endoscopy. However, it should be noted that the current recommendation for the use of
Kudo-IBD is based on single-center results. Multicenter validation of this classification is
warranted, though its results seem promising. The FACILE classification is another note-
worthy recently developed classification. This multimodal classification is also based on
VCE and incorporates 4 key characteristics predictive of dysplastic histology: non-
polypoid morphology, irregular surface and vascular patterns, and the presence of
any inflammation within the lesion. Preliminary results indicate promising potential for
application in both expert and novice contexts.
While AI is rapidly advancing in gastrointestinal endoscopy, particularly through

CADe and CADx models, its application in the context of IBD dysplasia surveillance
remains in its infancy and is limited to a small number of studies and case reports.
An important consideration in the development of AI algorithms is acknowledging
the potential biases within the training dataset. Almost all developed CADe/CADx
models have currently been trained on non-IBD associated lesions, which do not
represent the diverse characteristics of IBD dysplasia. The development of a proprie-
tary IBD-CADe system, which has been trained using IBD-related lesions, holds the
potential to enhance dysplasia detection and characterization, guiding the targeted bi-
opsy sampling thereby potentially reducing the need for random biopsies during sur-
veillance colonoscopies. Addressing these challenges through focused research is
crucial in realizing the full potential of AI in IBD dysplasia surveillance.
Ultra-high-definition endoscopy, such as (p)CLE and EC, is a promising tool in the

field of IBD since it allows for real time in vivo histologic assessment of colonic lesions.
Unfortunately, evidence supporting its role in IBD dysplasia surveillance is lacking.
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Moreover, increased procedural time, learning curve, cost-effectiveness, the inability
to assess all types of endoscopic lesions, and the uncertain incremental yield of EC/(p)
CLE over conventional endoscopy are all hindrances in the routine clinical implemen-
tation of these technologies in IBD dysplasia surveillance. AI-assisted EC (Endo-
BRAIN) has the potential to overcome some of these inherent limitations, since it
can help distinguish inflammation-related neo-vascularization from dysplasia-related
neo-vascularization and can help in reducing the learning curve for EC.
Looking forward, the integration of advanced endoscopic techniques holds tremen-

dous potential to further enhance dysplasia surveillance in IBD. Future research
should focus on developing and validating proprietary AI models for IBD dysplasia
characterization, since these technologies could redefine the landscape of dysplasia
surveillance in IBD, offering clinicians powerful tools to improve patient outcomes and
reduce the burden of colorectal cancer in this high-risk population.

CLINICS CARE POINTS
� When characterizing IBD-related lesions, consider the use of novel advanced classifications,
such as Kudo-IBD or FACILE Frankfurt Advanced Chromoendoscopic IBD LEsions (FACILE);
however, be aware of the need for further validation studies to establish their efficacy across
different clinical settings (eg, active inflammation, suboptimal bowel preparation, mucosal
scarring etc.).

� Ultra-High-definition endoscopy (ie, Confocal Laser Endomicroscopy and Endocytoscopy)
shows a high potential for real-time in vivo histologic assessment of colonic lesions;
however, be aware of their limitations such as increased procedural time and the learning
curve associated with the use of these techniques.

� Recognize the potential of AI-assisted endoscopic technologies to distinguish between
inflammation-related and dysplasia-related neo-vascularization, which can help reduce the
learning curve and improve diagnostic accuracy.

� Be aware of the risks associated with the premature reliance on AI models trained on non-
IBD-associated lesions, as they may not accurately represent the diverse characteristics of
IBD dysplasia.
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