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Abstract: Subjects affected by ulcerative colitis and Crohn’s disease with colonic localization have an
increased risk of colorectal cancer (CRC). Surveillance colonoscopy is recommended by international
guidelines as it can detect early-stage CRC. Based on previous evidence, in 2015 the Surveillance for
Colorectal Endoscopic Neoplasia Detection and Management in Inflammatory Bowel Disease Patients
International Consensus indicated dye chromoendoscopy (DCE) as the most effective technique for
detecting dysplasia. However, advances in endoscopic technology such as high-definition colono-
scopes and dye-less virtual chromoendoscopy (VCE) may change future practice. In this review,
we summarize the available evidence on CRC surveillance in IBD, focusing on the emerging role of
high-definition white light endoscopy (HD-WLE) and VCE over the standard DCE, and the current
role of random biopsies.

Keywords: inflammatory bowel disease; CRC surveillance; high-definition endoscopy; chromoen-
doscopy; random biopsies

1. Introduction

Inflammatory bowel diseases (IBD), which include ulcerative colitis (UC) and Crohn’s
disease (CD), are life-long disorders characterized by chronic relapsing inflammation of
the gastrointestinal tract [1,2]. IBD are a global burden, with higher prevalence in Europe
and North America and a rapidly increasing incidence in newly industrialized coun-
tries [3,4]. The etiology of IBD remains mostly unclear. Studies suggest a multifactorial
pathogenesis including genetic susceptibility, abnormal intestinal microbiota, different
environmental factors, and immunological alterations leading to an irregular and persistent
inflammatory response [5,6]. The chronic inflammatory stimulation of the colonic mucosa
increases the risk of developing dysplasia and colorectal cancer (CRC) in subjects affected
by IBD [7]. Indeed, the risk of CRC in IBD patients is 1.5-2 times greater than general pop-
ulation [8], with a reported incidence of CRC that ranges from 41.5/100,000 person-years
to 543.5/100,000 person-years (py) [9]. In particular, the incidence in CD ranges from 19.5
to 344.9,/100,000 py, while in UC the incidence rate varies from 54.5 to 543.5/100,000 py [9].
Furthermore, both UC and CD have a higher CRC-associated mortality [10]. Colonoscopy
surveillance can detect early-stage CRC in subjects with IBD, thus decreasing CRC de-
velopment and CRC-associated mortality [11]. Therefore, a CRC surveillance program
is recommended by several international guidelines, generally after 8-10 years from dis-
ease onset [12-15], even if some guidelines suggest a more cautious timing (after six to
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eight years) [16], as some studies showed that a significant proportion of CRC could de-
velop prior to eight years of disease [17,18]. A successive interval of one to five years
is then established on the basis of patient and disease risk factors [13]. Indeed, subjects
displaying high-risk characteristics (i.e., stricture, primary sclerosing cholangitis) should
undergo surveillance colonoscopy every year, while patients with intermediate risk fea-
tures (i.e., post-inflammatory polyps, family history of CRC) can be checked every two
to three years. On the other hand, if no risk factors for CRC are present, the surveillance
interval can be extended to five years [13]. The approach to CRC surveillance in IBD is
continuously evolving due to the expanding advance in endoscopic technology, and the
debate is still ongoing about the best method to detect dysplasia and CRC. Historically, the
traditional technique used to perform surveillance consisted in standard definition white
light endoscopy (SD-WLE) with multiple random biopsies (random 4 quadrant biopsies
every 10 cm for a minimum of 32) plus targeted biopsies of visible lesions [19]. Due to the
suboptimal quality image of the previous technology, dysplasia was not easily visible (or
“invisible”) and the majority of colonic dysplastic lesions were detected by nontargeted
biopsies [12,19,20]. Dye chromoendoscopy (DCE) with target biopsies has been proposed
as an innovative methodology for detecting dysplasia, overcoming SD-WLE shortcomings.
During DCE, the physician applies a contrast agent such as indigo carmine or methy-
lene blue to the colon epithelium providing contrast enhancement and highlighting the
poorly visible lesions of the mucosa [20,21] (Figure 1). Since its first use in a randomized
controlled trial for early detection of intraepithelial neoplasia in UC [22], various meta-
analysis showed that DCE had a higher diagnostic yield of dysplastic lesions than SD-WLE
(incremental yield of 7% on a per patient basis, 95% CI 3.2-11.3) [20,23]. Consequently,
the Surveillance for Colorectal Endoscopic Neoplasia Detection and Management in In-
flammatory Bowel Disease Patients: International Consensus (SCENIC) recommended
to use DCE over SD-WLE when performing surveillance [20]. However, SD-WLE is no
longer sufficient for CRC surveillance due to the development of high-definition white light
endoscopy (HD-WLE). High-resolution equipment offers a wider field of vision, a higher
pixel density, and faster line scanning on the monitor, producing sharper images with fewer
artifacts [24,25], leading to an improved targeted detection of dysplastic lesions [26].These
advances and findings have questioned whether DCE may offer a significant advantage in
dysplasia detection only when compared to SD-WLE and not to HD-WLE. Indeed, growing
evidence shows that in the near future, HD systems may achieve an equivalent dysplasia
detection yield without the addition of pan-colonic dye spray [24], and that invisible dyspla-
sia may be only a consequence of the less quality image of SD-WLE [27]. Furthermore, the
scenario of CRC surveillance in IBD has become more tricky with the development of the
dye-less, virtual chromoendoscopy (VCE). This technology has emerged as a valid contrast
enhancement system without dye application, thus being less time-consuming and less
expensive than DCE [28,29]. By simply pushing a button, VCE provides an instant digital
staining, enhancing colonic mucosal details and vascularization [24,29]. Such groundbreak-
ing novelties have risen concern about the position of HD-WLE, DCE, or VCE as the future
preferred method for surveillance [29] and about the benefit of random biopsies in this era
of constant advancing image technology [20]. In the last years, accumulating evidence on
this topic have been produced with heterogeneous results [30,31]. In this review, we aimed
to summarize the available evidence in the continuous expanding scenario of CRC surveil-
lance in IBD since the SCENIC consensus published in 2015, focusing on the emerging role
of HD-WLE and VCE over the standard DCE, and the current role of random biopsies.



J. Clin. Med. 2022, 11, 509

30f16

Figure 1. (A) High-definition dye-chromoendoscopy with methylene blue in a male patients with
ulcerative colitis highlighting a non-polypoid lesion of the sigma-rectum junction. (B) Enlarged
image showing edematous mucosa and the lengthening of the crypts. Histopathological staging after
surgery: high-grade dysplasia.

2. Virtual Chromoendoscopy: Technical Aspects

Various companies equipped their colonoscopes with VCE technology in order to
enhance details of the colonic mucosa without using further equipment. Narrow-band
imaging (NBI, Olympus, Tokyo, Japan) was introduced in 2005. It is a blue-light technol-
ogy that improves visualization of superficial mucosal structures, particularly superficial
microvessels, by filtering the illumination light to wavelengths which are absorbed by
hemoglobin [32,33]. Flexible spectral imaging color enhancement (FICE, Fujifilm, Tokyo,
Japan) is a post-processor application which enhances vascularization and colonic mucosa
images. This technology chooses only specific wavelengths from the white-light image
and reconstructs a composite color-enhanced image [33]. Also, iSCAN (Pentax, Tokyo,
Japan) is a post-processing image enhancement technology that produces digital contrast
for a more defined mucosal pattern and vascularization. Three iSCAN modes are available.
iSCAN 1 uses surface-enhancement (SE) plus contrast-enhancement (CE) technologies and
is recommended for detection. iISCAN 2 is a combination of SE and tone enhancement (TE)
technologies and is suggested for lesion characterization. iSCAN 3 comprises SE, CE, and
TE and is recommended for lesion delineation [33,34] (Figure 2). Linked color imaging
(LCI, Fyjifilm, Japan) has been developed as a new pre-process image-enhanced endoscopy
which differentiates the red color spectrum better than white-light imaging, making lesions
more reddish and the nearby mucosa more whitish, thus achieving an improved contrast
for identifying colonic alterations [35,36]. Blue Light Imaging (BLI, Fujifilm, Japan) is a
VCE based on the direct emission of blue light using a short wavelength (410 nm) which is
specifically absorbed by haemoglobin producing bright, high-intensity contrast imaging
that might increase optical diagnosis and adenoma detection [37,38].

Figure 2. Large polypoid lesion of the sigma in a female patient with Crohn’s disease, pit pattern
IIIL based on Kudo classification. (A) High-definition white light endoscopy. (B) High-definition
virtual chromoendoscopy with i-SCAN 3. Histopathological staging after endoscopic resection:
low-grade dysplasia.
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3. Methods

We conducted a literature search in the PubMed, Embase, and Scopus databases. The
keywords used were “Crohn’s disease”, “CD”, “ulcerative colitis”, “UC”, “inflammatory
bowel disease”, “IBD”, “surveillance”, “colorectal cancer”, “CRC”, “dysplasia”, “chro-
moendoscopy”, “virtual chromoendoscopy”, “dye chromoendoscopy”, “high definition
endoscopy”, “random biopsies”, and “targeted biopsies”. We selected all relevant full
text papers published since the SCENIC consensus up to October 2021 that used high-
definition colonoscopes. Additional articles were screened from the reference list of the

selected papers.

4. Results
4.1. DCE vs. HD-WLE

A prospective randomized trial by Wan et al. [39] compared the dysplasia-detection
rate between DCE with targeted biopsies (CET), HD-WLE with targeted biopsies (WLT), and
HD-WLE with random biopsies (WLR) in 122 UC patients undergoing 447 colonoscopies.
WLR and CET examinations displayed a similar detection rate that was better than WLT
(respectively 8.1% and 9.7% vs. 1.9%; p = 0.014 and 0.004). Nevertheless, during a long-term
follow-up (>3 years) CET detected better than both WLT (13.3% vs. 1.6%, p = 0.015) and
WLR (13.3% vs. 4.9%, p = 0.107) [39]. The superiority of DCE over HD-WLE in the field
of surveillance in IBD was also observed in the single-centre randomized, controlled trial
(RCT) by Alexanderson et al. [40]. In this study, 305 UC or CD patients were assigned
to DCE (n = 152) or HD-WLE (n = 153), each arm performing both random and targeted
biopsies. DCE showed a higher detection of dysplasia compared to HD-WLE (17 vs.
7; p = 0.032) [40]. Even in a retrospective study by Kim et al. DCE performed better
than HD-WLE in dysplasia detection [41]. In this study, a paired comparison between
159 DCE and 131 WLE controls (of which 124 HD-WLE and 7 SD-WLE) was performed.
A higher number of both polypoid and non-polypoid lesions was found in DCE group
compared with WLE. The overall neoplasia detection rate was 40.9% in the DCE group
and 23.7% in WLE (p = 0.002). Interestingly, these results did not change significantly
even after excluding the 7 SD-WLE procedures [41]. Similarly, another retrospective study
conducted by Sekra et al. [42] showed that DCE with targeted biopsies was associated with
a higher nonpolypoid dysplasia detection rate compared to HD-WLE. One hundred and
ten surveillance exams were performed (76 HD-WLE, 34 DCE), and seven nonpolypoid
dysplastic lesions were detected, all with DCE. On the other hand, the polypoid dysplasia
detection rate was similar in both techniques (p = 0.12) [42]. Furthermore, some studies
observed a higher detection rate of DCE also when performing the colonoscopy surveillance
with dye in the same session or soon after WLE. Indeed, Deepak and colleagues observed
that performing DCE in patients with a history of dysplasia on an index WLE could identify
new lesions previously not seen [43]. Of the 95 patients with dysplasia discovered on the
index WLE (55 found on targeted biopsies and 40 on random biopsies), the first subsequent
DCE identified dysplastic lesions in 50 cases, of which 34 were new lesions, suggesting
the use of DCE in this high-risk setting [43]. Similarly, in a prospective multicentre cohort
study by Carballal et al., DCE exhibited a 57.4% incremental yield of dysplasia compared
to WLE [44]. Each colonic tract was first examined with WLE and then with indigo carmine
CE in the same exam. This result remained similar when SD-WLE and HD-WLE were
considered separately (respectively 41.5% and 58.5% of total procedures) [44]. Somewhat
differently, a recent study by Coelho-Prabhu et al. found a comparable dysplasia diagnostic
yield between DCE and HD-WLE in subjects affected by IBD involving the colon [45]. In this
retrospective observational cohort study, 808 colonoscopies were carried out, including 150
procedures (18.6%) with DCE. Polypoid dysplasia was detected in 50 patients (33.0%) in the
DCE group and in 79 patients (12.0%) in the HD-WLE group (p < 0.01). Dysplasia in random
biopsies was observed in 15 subjects (10%) during DCE and 24 subjects (3.6%) during HD-
WLE (p < 0.001). However, when considering for other dysplasia risk factors at multivariate
analysis (i.e., older age at diagnosis, endoscopist expert in IBD, endoscopist with <10 years’
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experience, prior random dysplasia, primary sclerosing cholangitis), the detection of both
polypoid and random dysplasia between DCE and HD-WLE did not differ [45]. Similarly, in
a large retrospective study by Moojweer et al. in which 440 DCE procedures were compared
with 1802 WLE procedures with random and targeted biopsies, the dysplasia detection
between the two methodologies was similar (11% in the DCE group and 10% in WLE group;
p = 0.80) [46]. Furthermore, these results were also confirmed when taking into account
only targeted biopsies in the two techniques (p = 0.30). CRC risk factors were similar in
both categories except for more subjects with CD extensive colitis and with first-degree
relative with CRC in the DCE group. Nevertheless, it is important to consider that the
period study was between 2000 and 2013 and different types of colonoscopes were used, not
specifying how many endoscopic exams were performed with HD in the WLE group, while
DCE was performed in the recent years with probably better endoscopes [46]. Another
retrospective matched case-control study found no significant differences in dysplasia
surveillance between DCE and HD-WLE [47]. One hundred eighty-seven IBD patients
underwent colonoscopy for dysplasia surveillance (98 DCE, 89 HD-WLE). No significant
difference was observed in the detection of dysplastic lesions between DCE and HD-WLE
in both univariate analysis (10.2% vs. 6.7%, p = 0.39) and multivariate analysis, which were
adjusted for age, sex, duration and type of IBD, and history of dysplasia (OR 0.91, 95% CI
0.15-5.67, p = 0.92), supporting that extensive use of DCE for CRC surveillance in everyday
IBD clinical practice displays low cost-effectiveness [47]. In addition, several prospective
RCT confirmed these results. lacucci et al. found no significant difference in dysplasia
detection between HD-WLE and DCE [48]. In this randomized trial, 270 subjects with
longstanding UC undergoing surveillance colonoscopy were assigned to HD-WLE (n = 90),
DCE (n = 90), and VCE using iSCAN (n = 90). Dysplasia (polypoid and non-polypoid)
and CRC detection rates between the three techniques were comparable (HD-WLE 18.9%,
DCE 17.8%, VCE 11.1%; p = 0.91) [48]. Another multicentre prospective RCT of 210 patients
with long-standing UC conducted by Yang DH et al. [49] found that DCE with targeted
biopsy was not significantly different from HD-WLE with random plus targeted biopsy
for identifying colitis-associated dysplasia (CAD) (respectively 3.9% vs. 5.6%; p = 0.749).
However, although not statistically significant, DCE showed a tendency for higher detection
of CRC than HD-WLE (20.6% vs. 12.0%, p = 0.093) [49]. Table 1 summarizes the above
mentioned studies.

Table 1. Studies comparing surveillance colonoscopy using white light endoscopy or dye chromoen-
doscopy.

Authors Stu.d y Methods Colonqs cope Results
Design Technique
WLR and CET had more
122 UC with 447 colonoscopies. examinations that detected
Randomization 1:1:1 to: dysplasia than WLT (8.1%,
Multi-center HD-WLE with targeted 9.7% vs. 1.9%; p = 0.014 and
Wan et al. [39] prospective biopsies (WLT) (n = 43) DCE w‘ﬁiﬁh lene 0.004).
o randomized HD-WLE with random blue Y During a long-term follow-up
controlled trial biopsies (WLR) (1 = 40) (>36 months), CET exhibited
HD-DCE with targeted more exams with dysplasia
biopsies (CET) (n = 39) detection than WLT (13.3% vs.
1.6%, p = 0.015)
305 IBD.
Single-center Lpandomization 11 to: WLE vs. DCE identified more colonic
Alexandersson et al. [40] prospect yIth targ P DCE with indigo dysplasia than HD-WLE (17
randomized random biopsies (1 = 153) carmine vs. 7, p = 0.032)
controlled trial HD-DCE with targeted plus P D

random biopsies (n = 152)
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Table 1. Cont.
Authors ]§ tu.d y Methods COlono.s cope Results
esign Technique
DCE achieved a higher
dysplasia diagnostic yield
98 IBD with 290 colonoscopies. WLE vs compared to WLE (40.9% vs.
Kim et al. [41] Slngle-Fenter Comparison of HD-DCE (1 = DCE with methylene 23.7%, p = 0.002).
retrospective study

159) vs. WLE (HD n = 124, SD
n=7)

blue or indigo carmine

DCE identified a higher
number of both polypoid and
non-polypoid lesions than
WLE.

Sekra et al. [42]

Single-center
retrospective cohort
study

110 IBD.
Comparison of HD-DCE with
targeted biopsies (1 = 34) vs.
HD-WLE with targeted plus
random biopsies (1 = 76)

WLE vs.
DCE with methylene
blue or indigo carmine

DCE detected nonpolypoid
dysplasia in 11.8% patients
while HD-WLE did not
identified any dysplastic
lesion (risk difference 11.8,
95% C10.9-22.6, p = 0.008).
No difference were observed
in the polypoid dysplasia
detection rate (p = 0.12)
between the two techniques.

95 IBD.

95 patients had an index WLE
with dysplasia (55 found on
targeted biopsies and 40 on

Multi-center Subjects with dysplasia on WLE vs. random biopsies)
Deepak et al. [43] retrOsztCl’ilc‘ife cohort index WLE who subsequently DCEC‘;frtr?irllreldlgo DCE displayed a higher
y underwent CE likelihood to identify flat
dysplasia compared to WLE
(OR 19.3, 95% CI19.5-39.3).
94 dysplastic lesions were
identified.
350 IBD. WLE missed 40/94 dysplastic
Multi-centre Comparison of WLE (SD-WLE WLE vs. lesions with a 57.4%
Carballal et al. [44] prospective 41.5%, HD-WLE 58.5%) and DCE with indigo incremental yield for DCE.
cohort study DCE performed in the same carmine The incremental diagnostic
procedure. yield was similar in SD and
HD-WLE (51.5% vs. 52.3%,
p=0.30).
Polypoid dysplasia and
dysplasia on random biopsies
808 IBD. were both higher in DCE than
. . HD-WLE (Polypoid: 33.0% vs.
. Comparison of HD-WLE with N ;
Single-center tareeted plus random biopsies WLE vs. 12.0% respectively, p < 0.01.
Coelho-Prabhu et al. [45] retrospective cohort 8 P P DCE with indigo Random: 10% vs. 3.6%
(n = 658) vs. HD-DCE with . .
study Lo carmine respectively, p < 0.001).
targeted plus random biopsies . L
Adjustment for dysplasia risk
(n =150). S
factors revealed a similar
diagnostic yield between the
two techniques.
Dysplasia detection rate was
2242 IBD. similar in each group (DCE
Multi-center Comparison of DCE with WLE vs. 11% vs. WLE 10%, p = 0.80).
Mooiweer et al. [46] retrospective stud targeted biopsies (n = 440) vs. ~ DCE with methylene = Targeted biopsies displayed a
P y WLE with targeted plus blue or indigo carmine comparable dysplasia

random biopsies (1 = 1802).

diagnostic yield in both
techniques (p = 0.30).

Clarke et al. [47]

Single-center
retrospective
case-control study

187 IBD.
Comparison of HD-DCE (1 =
98) vs. HD-WLE (n = 89).

WLE vs.
DCE with methylene
blue or indigo carmine

Dysplastic lesions detection
rate was not significantly
different between DCE and
HD-WLE (10.2% vs. 6.7%
respectively, p = 0.39).




J. Clin. Med. 2022, 11, 509

7 of 16

Table 1. Cont.

Authors Stu.d y Methods CO]OHO.S cope Results
Design Technique

The diagnostic yield for
Sinele-cent Rand 2.7 0 ’{'BD.T1~1 tor WLE vs. neoplastic lesions (polypoid,
Tacucci et al. [48] rlar;gdf)r;eigeg ar;{]gr_l]gzcaEl?:_ 90) o DCE with methylene ~ non-polypoid, and CRC) was

’ . tive trial HD-VCE (n B 90) blue or indigo carmine similar in the three groups
prospective tna - vs. VCE (i-SCAN 2-3)  (WLE 18.9%, DCE 17.8%, VCE
HD-WLE ( = 90) 11.1%; p = 091).

Multicenter Randoriligaggﬁ 1:1 to: HD-WLE and DCE achieved

rospective HD-DCE with tar' ete& WLE vs. similar colitis-associated
Yang et al. [49] f; n dg mizz d biopsies (1 = 1 §8) DCE with methylene dysplasia detection rate (5.6%

controlled trial HD-WLE with targeted plus blue or indigo carmine > 3.?7/236;%?“}61},’

random biopsies (n = 102)

Abbreviations: CRC, colorectal cancer; HD-WLE, high-definition white light endoscopy; HD-DCE, high-definition
dye chromoendoscopy; HD-VCE, high-definition virtual chromoendoscopy; IBD, inflammatory bowel disease;
SD-WLE, standard-definition white light endoscopy; UC, ulcerative colitis.

4.2. VCE

There is an expanding growth of data about the performance of VCE in the CRC
surveillance in the field of IBD (Table 2). In a prospective multicenter study by Leifeld
et al., 159 subjects affected by long-standing UC underwent two colonoscopies (one with
HD-WLE and one with VCE using NBI) in a randomized sequence in a period between
three weeks and three months [50]. During HD-WLE, four random biopsies every 10 cm
(stepwise biopsies), two segmental random biopsies in 5 tract (segmental biopsies), and
targeted biopsies were performed. During VCE using NBI, segmental and targeted biopsies
were carried out. Overall, VCE with targeted plus segmental biopsies and HD-WLE with
targeted plus stepwise biopsies displayed a similar intraepithelial neoplasia detection rate
(NBI: 31 vs. HD-WLE 26, p = 0.888), but VCE collected less biopsies (NBI 11.9 vs. HD-WLE
38.6, p < 0.001) and took less time to withdraw (NBI 13 min vs. HD-WLE 23 min, p < 0.001).
Furthermore, even though not statistically significant, NBI exhibited a trend in the direction
of a higher detection rate (1.6 times) of targeted biopsies [50]. Similar results were observed
in a multicentre RCT in which 188 patients with long standing UC or CD colitis were
randomized 1:1 to undergo surveillance colonoscopy either with VCE (i-scan OE mode
2) or HD-WLE performing targeted and random biopsies in each arm [51]. No difference
was observed in the neoplasia detection (VCE 14.9% vs. HD-WLE 24.2%; p = 0.14) and
withdrawal time (VCE 25.5 min vs. HD-WLE 24 min, p = 0.216) between the two techniques.
In addition, the yield of random biopsies was considerably low. Overall, 6751 random
biopsies of the colon identified one neoplasia (low grade dysplasia with active background
disease) [51]. VCE has also been compared to DCE in several studies. A multicentre RCT
including 131 long-standing UC showed no significant difference for the detection of CAD
between DCE with methylene blue (n = 66) and VCE with NBI (1 = 65) [respectively 21.2%
vs. 21.5%; odd ratio 1.02 (95% CI 0.44 to 2.35, p = 0.964)] [52]. Furthermore, the withdrawal
time was significantly shorter in the NBI arm (NBI 18.5 min vs. DCE 27.0 min, p < 0.001),
even after clustering the patients according to the whole number of biopsies obtained
during the exam [52]. Also VCE using FICE, in a randomized delayed crossover trial by
Gulati et al., showed a dysplasia detection rate no lower than DCE with indigo carmine [53].
Forty-eight IBD candidates to CRC surveillance underwent either DCE or VCE as index
colonoscopy and, after three to eight weeks, repeated colonoscopy with the other method.
The diagnostic accuracy for the endoscopic diagnosis of dysplasia applying DCE or VCE
was 76.9% vs. 93.7%, respectively, with DCE missing two dysplastic lesions (18.2%) and
VCE missing one dysplastic lesion (9.1%) [odds ratio 2.0 (95% CI 0.10 to 118.0)] [53]. These
findings were also confirmed in a prospective study conducted by Gonzalez-Bernardo
et al [54]. One hundred twenty-nine patients with long standing IBD were enrolled and
randomized to receive either DCE (n = 67) or VCE using the iSCAN 1 system (n = 62). All
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endoscopic exams were performed by the same expert physician. The rates of detection of
neoplastic lesions were similar between the two groups (DCE 17.9% vs. VCE 11.3%; p = 0.2).
Similarly, no differences were observed also in the detection of all lesions, neoplastic or
non-neoplastic. On the other hand, VCE exhibited a lower withdrawal time compared
to DCE (10 vs. 14 min, respectively; p < 0.001) [54]. Similarly, a recent retrospective case-
control study observed a comparable colonic dysplasia detection among DCE with indigo
carmine and VCE with iSCAN (twin-mode 1-3) in subjects with colonic IBD [55]. DCE
was performed in 98 patients, while VCE was performed in 93 patients. No significant
differences were observed in the per lesion (p = 0.526) and per patient analysis (p = 0.647).
Even in this retrospective analysis, VCE displayed a reduced exploration time (VCE 9 min
vs. DCE 14 min, p < 0.001) [55]. Finally, to the best of our knowledge, no studies exploring
VCE using LCI or BLI in the IBD surveillance program have been published.

Table 2. Studies comparing surveillance colonoscopy using virtual chromoendoscopy versus white

light or dye chromoendoscopy.

Authors ]§ tu.d Y Methods COlono.s cope Results
esign Technique
NBI detected a comparable
number of intraepithelial
159 UC neoplasia to HD-WLE (31 vs.

Leifeld et al. [50]

Multi-center
prospective
randomized study

Subjects underwent two
colonoscopies (HD-WLE
and HD-VCE) in a
randomized sequence.

WLE vs. VCE (NBI)

26, p = 0.888).
Considering only targeted
biopsies in both groups, NBI
showed a trend of more
detection of dysplasia (1.6
times) than HD-WLE (24 vs.
15, p = 0.175).

Kandiah et al. [51]

Multi-center
randomized
controlled trial

188 IBD.
Randomization 1:1 to
HD-VCE (n = 94) or
HD-WLE (n = 94) with
targeted plus random
biopsies in both arms

WLE vs. VCE
(i-SCAN OE mode 2)

No difference was observed
in the neoplasia detection
between the two techniques
(VCE 14.9% vs. WLE 24.2%;
p=0.14).

Multi-center

131 UC. Randomization 1:1
to HD-VCE (n = 65) or

VCE (NBI) vs.

No difference was found in
the detection of
colitis-associated neoplasia

Bisschops et al. [52] randomized HD-DCE (n = 66) with DCE with methylene between DCE and NBI
controlled trial targeted biopsies in both blue [21.2% vs. 21.5%; OR 1.02
arms (95% C10.44-2.35,
p =0.964)].
The diagnostic accuracy for
48 TBD. the di‘agnosis of dysplasia
Single-center Subjects underwent two VCE (FICE) vs. rZEP;ZtI;:/%lD(;g;’Z\\]/S%;V ;;04
Gulati et al. [53] randomized crossover  colonoscopies (HD-DCE and DCE with indigo DpCE =y d 2 d .l t ’
trial HD-VCE) in a randomized carmine . mlsseo ysplastic
sequence (1:1). lesions (.18.2 /?) while VCE 1
dysplastic lesion (9.1%) [OR
2.0 (95% CI10.10 to 118.0)].
129 IBD. No difference in the rate of
Single-center Randomization 1:1 to VCE detection of neoplastic

Gonzalez-Bernardo et al. [54]

prospective
randomized study

HD-VCE (n = 62) or
HD-DCE (1 = 67) with
targeted biopsies in both
arms.

(i-SCAN 1) vs. DCE
with indigo carmine

lesions was observed
between the two techniques
(DCE 17.9% vs. VCE 11.3%;
p=0.2).
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Table 2. Cont.

Authors Stu.d Y Methods CO]OHO.S cope Results
Design Technique
No significant difference in
191 IBD. VCE dysplasia detection was

Lépez-Serrano et al. [55]

Single-center
retrospective
case-control study

Comparison of HD-DCE (n
=98) vs. HD-VCE (n = 93)
with targeted biopsies in

both groups.

observed in the per lesion
(DCE 14.6% vs. VCE 15.6%,
p = 0.526) and per patient
analysis (DCE 12.2% vs.
VCE 9.7%, p = 0.647).

(i-SCAN twin-mode
1-3) vs. DCE with
indigo carmine

Abbreviations: FICE, flexible spectral imaging color enhancement; HD-WLE, high-definition white light en-
doscopy; HD-DCE, high-definition dye chromoendoscopy; HD-VCE, high-definition virtual chromoendoscopy;
NBI, narrow band imaging; IBD, inflammatory bowel disease; UC, ulcerative colitis.

4.3. Random Biopsies in the Era of HD

The role of random biopsies IBD-CRC surveillance in the era of HD is contradictory
due to improved detection of subtle colonic dysplastic lesions. In the retrospective study
by Bopanna et al. [56], 28 subject affected by UC with associated high-risk factors for CRC
(26 pancolitis with disease duration >15 years, two UC with primary sclerosing cholan-
gitis), underwent surveillance HD-WLE with random biopsies every 10 cm. Overall, 924
biopsies were obtained, showing no dysplasia in any sample with only seven indefinite
for dysplasia (0.7%) [56]. In a retrospective study by Gasia et al., 454 IBD patients who
underwent surveillance colonoscopy were included to investigate the most effective en-
doscopic technique for CRC surveillance (SD-WLE, HD-WLE, VCE with iSCAN, or DCE;
random plus targeted biopsies or only targeted biopsies were acquired) [57]. Interestingly,
in the random biopsies group (1 = 318, 126 with SD and 192 with HD), 32 colonic neoplastic
lesions were identified, and only three lesions (9.3%) were detected exclusively by random
biopsies without any visible alterations of the mucosa. Furthermore, even after excluding
SD-WLE from the analysis, the targeted biopsies group showed a higher performance in
the detection of neoplastic lesions (19.1% targeted biopsies vs. 10.4% random biopsies;
p = 0.02) [57]. Accordingly, in a multicenter RCT by Watanabe et al. in which HD-WLE was
applied in the majority of cases, it has been shown that targeted biopsies could detect a
similar amount of neoplasia compared to random plus targeted biopsies (11.4% vs. 9.3%,
respectively; p = 0.617) [58]. Furthermore, the percentage of dysplasia among the collected
tissue samples was superior in the target arm [6.9% (24 of 350)] than in the random plus
target arm [0.5% (18 of 3725)] (p < 0.001). Thus, the authors concluded that surveillance with
only targeted biopsies could emerge as a more cost-effective strategy [58]. These results
were consolidated by a subsequent retrospective cohort study based on the follow-up data
of this RCT demonstrating the long-term effectiveness of targeted biopsies [59]. Indeed, no
death by CRC was observed in both arms with a median 8.8-year follow-up. In addition,
the incidence of advanced neoplasia was similar in each group, and the likelihood of
developing high grade dysplasia/CRC in subjects characterized by a negative colonoscopy
was low. Once more, the authors suggested targeted biopsy over random biopsies in real-
life settings [59]. However, Moussata et al. demonstrated that random biopsies, despite
their low yield, may still be useful when associated with DCE [60]. Indeed, this large
prospective study which included 1000 patients with IBD that underwent surveillance DCE
reported a low yield of random biopsies that was assessed at 0.2% per biopsy (68/31865).
Nevertheless, random biopsies identified dysplasia in 12 out of 94 patients (12.8%) with
dysplasia. Furthermore, factors like personal history of neoplasia, tubular appearing colon
and PSC were independently associated with the detection of colonic dysplasia by random
biopsies suggesting that they can be still used during DCE in patients with these high-risk
features [60]. Along these lines, in a retrospective study of 442 examinations, Hu et al. also
observed that random biopsies could be useful in increasing the diagnostic yield of CRC
surveillance colonoscopies in a selected set of patients [61]. In particular, features such as
longer disease duration, active inflammation, and PSC were independent risk factors for
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dysplasia detection on random biopsies, thus confirming that a subset of increased risk
patients might benefit from random biopsies in surveillance colonoscopies [61]. Table 3
summarizes the aforementioned studies.

Table 3. Studies evaluating the role of random biopsies in IBD surveillance colonoscopy using

HD systems.
Authors Stu.d y Methods COIOHO.S cope Results
Design Technique
No dysplasia was found in
Single-center 28 UC. the 924 biopsy samples.
Bopanna et al. [56] prospective HD-WLE with 4 quadrantic HD-WLE Indefinite for dysplasia was

randomized study

random biopsies every 10 cm.

observed in only seven
biopsies (0.7%).

Gasia et al. [57]

Single-center
retrospective audit

454 IBD.
Assessing the role of
surveillance strategies:
SD-WLE, HD-WLE, VCE,
DCE, random plus targeted
biopsies, targeted biopsies
only.

SD-WLE, HD-WLE,
VCE (iSCAN) DCE with
methylene blue or
indigo carmine

Targeted biopsies with HD
systems achieved a higher
neoplasia diagnostic yield
than random plus targeted
biopsies with HD systems
(respectively 19.1% vs.
10.4%, p = 0.02).

Watanabe et al. [58]

Multi-center
randomized controlled
trial

221 UC.
Randomization 1:1 to
HD-WLE with targeted plus

random biopsies (1 = 107) and

HD-WLE with only targeted
biopsies (n = 114).

HD-WLE in the majority
of cases

Targeted biopsies group

detected a similar amount of

neoplasia compared to
random plus targeted
biopsies group

(respectively 11.4% vs. 9.3%;

p=0.617).

Hata et al. [59]

Multi-center
retrospective
cohort study

195 UC.

Comparing long-term efficacy

of targeted vs. targeted plus
random biopsies using
follow-up data of the
Watanabe et al. trial.

HD-WLE in the majority
of cases

The likelihood to develop
CRC in subjects with a
negative examination was

low (Invasive CRC: 0.77 per

1000 patient-years.
Advanced neoplasia
HGD/CRC-TIS: 2.3 per
1000 patient-years).

Moussata et al. [60]

Multi-center
prospective cohort study

1000 IBD.
Evaluation of the role of

additional random biopsies in

HD-DCE.

HD-DCE with indigo
carmine

Random biopsies exhibited a

low dysplasia diagnostic
yield (0.2% per biopsy,
68/31865).
Personal history of
neoplasia, tubular colon,
and PSC were

independently associated
with the detection of
dysplasia by random

biopsies.

Hu et al. [61]

Multi-center
retrospective study

300 IBD contributing 442

colonoscopes with detection of

dysplasia.
Determination of the
additional dysplasia
diagnostic yield by random

HD-WLE and HD-DCE

Dysplasia discovered by

random biopsies was linked

to longer disease duration

(OR 1.04, 95% CI 1.01-1.07),

active inflammation (OR

2.89,95% CI1.26-6.67), PSC

biopsies in HD-WLE and (OR 3.66, 95% CI 1.21-11.08).

HD-DC.

Abbreviations: CRC, colorectal cancer; HD-WLE, high-definition white light endoscopy; HD-DCE, high-definition
dye chromoendoscopy; HD-VCE, high-definition virtual chromoendoscopy; IBD, inflammatory bowel disease;
SD-WLE, standard-definition white light endoscopy; UC, ulcerative colitis.

5. Discussion

Since the SCENIC consensus, an exponential growth of data has been published in the
field of dysplasia surveillance in IBD. However, studies and meta-analyses produced con-
flicting and heterogeneous results [21,62-72]. Hence, to date there is no strong agreement
on the best routine strategy, and this remains an unsolved topic in IBD. The turning point
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that probably narrowed the gap of the detection yield between DCE and WLE is the intro-
duction of HD system [64]. Indeed, the advent of HD colonoscopy raised questions about
the redundancy of DCE due the fact that the majority of dysplasia is visible with HD [27,73].
DCE also displays the limits of a longer examination time, the need for supplementary
training, and may be considered impractical by the physicians [73]. Furthermore, a good
quality surveillance with DCE demands an optimal view of the colonic mucosa [74], which
is frequently affected by the quality of bowel preparation [75]. After the SCENIC consensus,
two RCT and three retrospective studies observed a similar detection rate between DCE
and HD-WLE [45-49]. Additionally, in recent years, two meta-analysis and three network
meta-analysis agreed that DCE may add a benefit over WLE only in the setting of SD but
not of HD systems, confirming the necessity of the latter technology when performing
surveillance colonoscopy [21,63,64,68,69]. However, other recent studies have conversely
shown an incremental yield of DCE over HD-WLE [39-44]. Therefore, discontinuing DCE
during surveillance should be carefully evaluated and further RCT are needed. In the
near future, surveillance with HD-WLE may be enough for patients with average risk,
since a meticulous colonic mucosa examination is probably what is most important [76].
Furthermore, VCE is increasingly being proposed as an effective alternative surveillance
technique in IBD. After the SCENIC consensus, four RCT exhibited a similar dysplasia
detection rate between VCE and DCE with a shorter examination time in the VCE arm
in most of the trials [48,52-54]. Interestingly, different virtual chromoendoscopy methods
(iSCAN, NBI, FICE) were used, and all of them achieved similar results. Thus, differently
from the SCENIC consensus, the recent guidelines published by the European Society of
Gastrointestinal Endoscopy (ESGE) strongly recommend an equivalent use of DCE or VCE
when performing surveillance in IBD [31]. However, competence in neoplasia detection is
recommended for this purpose. Indeed, ESGE suggests self-learning by performing at least
20 pan-chromoendoscopies with at least 20 targeted biopsies with histological report [77].
To date, none of the aforementioned VCE techniques can be recommended over the other
ones. RCTs directly comparing the different VCE will better define their role in the CRC
surveillance program. In addition, a novel groundbreaking and promising technology
such as artificial intelligence (AI) may further revolutionize the IBD surveillance colono-
scopies [78,79]. This real-time computer-aided diagnosis system can help the endoscopist
due to its ability to identify the lesions during the examination by flagging the suspicious
colonic alteration with an optical and acoustic alert. A recent meta-analysis showed an
improvement of the detection of colorectal neoplasia in a non-IBD setting [80]. However,
this technology has not been applied for IBD colonic lesions yet. The magnitude of this new
technology may mitigate the advantage of HD systems in the near future [79]. The role
of random biopsies in the surveillance program with the HD system is another unsettled
issue. Random biopsy protocols have been supported in the past, assuming the discovery
of non-visible dysplasia with 90% confidence if present in 5% of the colon [27]. The SCENIC
consensus demonstrated that only one out of 1000 random biopsies detects dysplasia with
HD system. Furthermore, in only 1% to 1.5% subjects undergoing HD surveillance dys-
plasia would not be detected without performing random biopsies, differently from the
SD system where 20% of dysplasia cases were discovered only by random biopsies. Thus,
the panelists did not reach consensus about random biopsies [20]. Subsequent studies
confirmed the low yield of random biopsies [51,56-58]. Interestingly, these findings were
corroborated by the retrospective study of Hata et al., where HD-WLE with only targeted
biopsies have proven to be as effective over the long-term as targeted plus random biopsies
with no death from CRC in both groups with median 8.8-year follow-up [59]. In addition,
a cost-effectiveness analysis by Konijeti et al. found that DCE with targeted biopsies was
more effective and less costly than WLE with random biopsies. DCE was the most cost
effective approach at sensitivity levels >23 for dysplasia detection and cost <$2200, de-
spite the level of sensitivity of WLE for dysplasia identification [81]. However, prudence
must be used in quitting random biopsies, as two recent large studies demonstrated they
could improve the diagnostic yield of dysplasia and that the detection of dysplasia on
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random biopsies was associated with features such as PSC, tubular appearing colon, per-
sonal history of neoplasia, longer disease duration, and active inflammation. Therefore, it
may be worthwhile continuing performing random biopsies in subjects displaying these
risk factors.

6. Conclusions

Many studies on CRC surveillance in IBD are available after the SCENIC consensus.
Promising data demonstrated that VCE is comparable to DCE, reducing the examination
time and overcoming the need for additional equipment. RCTs comparing DCE and HD-
WLE exhibited contradictory results, thus the role of HD-WLE with targeted biopsies still
remains a matter of debate. Random biopsies display a low dysplasia yield; however,
evidence suggests that they may be useful in a set of high-risk subjects with symptoms such
as concomitant PSC, tubular colon, personal history of neoplasia, longer disease duration,
and active inflammation.

Author Contributions: R.G., A.D.M. and M.T. wrote the article and created tables and figures. F.D.,
AZ.,EF,M.A., G.F and S.D. critically reviewed the content of the paper and supervised the project.
The manuscript was approved by all authors. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Informed Consent Statement: Not applicable.
Data Availability Statement: No new data were generated or analyzed in support of this research.

Conflicts of Interest: R. Gabbiadini declares no conflict of interest. A. De Marco declares no conflict
of interest. M Terrin declares no conflict of interest. F. D’ Amico declares no conflict of interest. A. Zilli
declares no conflict of interest. F. Furfaro received consulting fees from MSD and Abbvie and lecture
fees from Janssen and Pfizer. M. Allocca received consulting fees from Nikkiso Europe and lecture
fees from Janssen and Pfizer. G. Fiorino received consultancy fees from Ferring, MSD, AbbVie, Takeda,
Janssen, Amgen, Sandoz, Samsung Bioepis, Celltrion. S. Danese has served as a speaker, consultant,
and advisory board member for Schering-Plough, AbbVie, Actelion, Alphawasserman, AstraZeneca,
Cellerix, Cosmo Pharmaceuticals, Ferring, Genentech, Grunenthal, Johnson and Johnson, Millenium
Takeda, MSD, Nikkiso Europe GmbH, Novo Nordisk, Nycomed, Pfizer, Pharmacosmos, UCB Pharma

and Vifor.

References

1.  Ungaro, R.; Mehandru, S.; Allen, P.B.; Peyrin-Biroulet, L.C.; Colombel, J.F. Ulcerative Colitis. Lancet 2017, 389, 1756-1770.
[CrossRef]

2. Torres, ].; Mehandru, S.; Colombel, J.F.; Peyrin-Biroulet, L. Crohn’s Disease. Lancet 2017, 389, 1741-1755. [CrossRef]

3. Kaplan, G.G. The Global Burden of IBD: From 2015 to 2025. Nat. Rev. Gastroenterol. Hepatol. 2015, 12, 720-727. [CrossRef]
[PubMed]

4. Ng, S.C.; Shi, H.Y.; Hamidi, N.; Underwood, EE.; Tang, W.; Benchimol, E.I; Panaccione, R.; Ghosh, S.; Wu, ].C.Y.; Chan, EK.L,; et al.
Worldwide Incidence and Prevalence of Inflammatory Bowel Disease in the 21st Century: A Systematic Review of Population-
Based Studies. Lancet 2017, 390, 2769-2778. [CrossRef]

5. Khor, B.; Gardet, A.; Xavier, R.J. Genetics and Pathogenesis of Inflammatory Bowel Disease. Nature 2011, 474, 307-317. [CrossRef]

6. Cohen, L.J.; Cho, ].H,; Gevers, D.; Chu, H. Genetic Factors and the Intestinal Microbiome Guide Development of Microbe-Based
Therapies for Inflammatory Bowel Diseases. Gastroenterology 2019, 156, 2174-2189. [CrossRef] [PubMed]

7. Ttzkowitz, S.H.; Yio, X. Inflammation and Cancer IV. Colorectal Cancer in Inflammatory Bowel Disease: The Role of Inflammation.
Am. ]. Physiol. Gastrointest. Liver. Physiol. 2004, 287, G7-G17. [CrossRef]

8.  Beaugerie, L,; Itzkowitz, S. Cancers Complicating Inflammatory Bowel Disease. N. Engl. |. Med. 2015, 372, 1441-1452. [CrossRef]

9.  Wheat, C.L.; Clark-Snustad, K.; Devine, B.; Grembowski, D.; Thornton, T.A.; Ko, C.W. Worldwide Incidence of Colorectal Cancer,
Leukemia, and Lymphoma in Inflammatory Bowel Disease: An Updated Systematic Review and Meta-Analysis. Gastroenterol.
Res. Pract. 2016, 2016, 1632439. [CrossRef]

10. Bewtra, M.; Kaiser, L.M.; TenHave, T.; Lewis, ].D. Crohn’s Disease and Ulcerative Colitis Are Associated with Elevated Standard-

ized Mortality Ratios: A Meta-Analysis. Inflamm. Bowel Dis. 2013, 19, 599-613. [CrossRef] [PubMed]


http://doi.org/10.1016/S0140-6736(16)32126-2
http://doi.org/10.1016/S0140-6736(16)31711-1
http://doi.org/10.1038/nrgastro.2015.150
http://www.ncbi.nlm.nih.gov/pubmed/26323879
http://doi.org/10.1016/S0140-6736(17)32448-0
http://doi.org/10.1038/nature10209
http://doi.org/10.1053/j.gastro.2019.03.017
http://www.ncbi.nlm.nih.gov/pubmed/30880022
http://doi.org/10.1152/ajpgi.00079.2004
http://doi.org/10.1056/NEJMra1403718
http://doi.org/10.1155/2016/1632439
http://doi.org/10.1097/MIB.0b013e31827f27ae
http://www.ncbi.nlm.nih.gov/pubmed/23388544

J. Clin. Med. 2022, 11, 509 13 of 16

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Bye, W.A.; Ma, C.; Nguyen, TM.; Parker, C.E.; Jairath, V.; East, ].E. Strategies for Detecting Colorectal Cancer in Patients with
Inflammatory Bowel Disease: A Cochrane Systematic Review and Meta-Analysis. Am. ]. Gastroenterol. 2018, 113, 1801-1809.
[CrossRef] [PubMed]

Rubin, D.T.; Ananthakrishnan, A.N.; Siegel, C.A.; Sauer, B.G.; Long, M.D. ACG Clinical Guideline: Ulcerative Colitis in Adults.
Am. ]. Gastroenterol. 2019, 114, 384—413. [CrossRef]

Maaser, C.; Sturm, A.; Vavricka, S.R.; Kucharzik, T.; Fiorino, G.; Annese, V.; Calabrese, E.; Baumgart, D.C.; Bettenworth, D.;
Borralho Nunes, P.; et al. ECCO-ESGAR Guideline for Diagnostic Assessment in IBD Part 1: Initial Diagnosis, Monitoring of
Known IBD, Detection of Complications. J. Crohns Colitis 2019, 13, 144-164. [CrossRef] [PubMed]

Cairns, S.R.; Scholefield, ].H.; Steele, R.J.; Dunlop, M.G.; Thomas, H.J.; Evans, G.D.; Eaden, J.A.; Rutter, M.D.; Atkin, W.P,;
Saunders, B.P,; et al. Guidelines for Colorectal Cancer Screening and Surveillance in Moderate and High Risk Groups (Update
from 2002). Gut 2010, 59, 666-689. [CrossRef] [PubMed]

Farraye, F.A.; Odze, R.D.; Eaden, ].; Itzkowitz, S.H.; McCabe, R.P,; Dassopoulos, T.; Lewis, ].D.; Ullman, T.A.; James, T., III;
McLeod, R.; et al. AGA Medical Position Statement on the Diagnosis and Management of Colorectal Neoplasia in Inflammatory
Bowel Disease. Gastroenterology 2010, 138, 738-745. [CrossRef]

Kucharzik, T.; Dignass, A.U.; Atreya, R.; Bokemeyer, B.; Esters, P.; Herrlinger, K.; Kannengiesser, K.; Kienle, P.; Langhorst, J.;
Luegering, A. Updated S3-Guideline Ulcerative Colitis. German Society for Digestive and Metabolic Diseases (DGVS). Z.
Gastroenterol. 2019, 57, 162-241.

Winther, K.V;; Jess, T.; Langholz, E.; Munkholm, P,; Binder, V. Long-Term Risk of Cancer in Ulcerative Colitis: A Population-Based
Cohort Study from Copenhagen County. Clin. Gastroenterol. Hepatol. 2004, 2, 1088-1095. [CrossRef]

Lutgens, M.W,; Vleggaar, EP; Schipper, M.E.; Stokkers, P.C.; van der Woude, C.J.; Hommes, D.W.; de Jong, D.J.; Dijkstra, G.; van
Bodegraven, A.A.; Oldenburg, B.; et al. High Frequency of Early Colorectal Cancer in Inflammatory Bowel Disease. Gut 2008, 57,
1246-1251. [CrossRef]

Axelrad, ].E.; Shah, S.C. Diagnosis and Management of Inflammatory Bowel Disease-Associated Neoplasia: Considerations in the
Modern Era. Therap. Adv. Gastroenterol. 2020, 6, 1756284820920779. [CrossRef] [PubMed]

Laine, L.; Kaltenbach, T.; Barkun, A.; McQuaid, K.R.; Subramanian, V.; Soetikno, R.; SCENIC Guideline Development Panel.
SCENIC International Consensus Statement on Surveillance and Management of Dysplasia in Inflammatory Bowel Disease.
Gastroenterology 2015, 148, 639—-651.€28. [CrossRef] [PubMed]

Iannone, A.; Ruospo, M.; Wong, G.; Principi, M.; Barone, M.; Strippoli, G.EM.; Di Leo, A. Chromoendoscopy for Surveillance
in Ulcerative Colitis and Crohn’s Disease: A Systematic Review of Randomized Trials. Clin. Gastroenterol. Hepatol. 2017, 15,
1684-1697.e11. [CrossRef] [PubMed]

Kiesslich, R.; Fritsch, J.; Holtmann, M.; Koehler, H.H.; Stolte, M.; Kanzler, S.; Nafe, B.; Jung, M.; Galle, PR.; Neurath, M.F.
Methylene Blue-Aided Chromoendoscopy for the Detection of Intraepithelial Neoplasia and Colon Cancer in Ulcerative Colitis.
Gastroenterology 2003, 124, 880-888. [CrossRef]

Subramanian, V.; Mannath, J.; Ragunath, K.; Hawkey, C.J. Meta-Analysis: The Diagnostic Yield of Chromoendoscopy for Detecting
Dysplasia in Patients with Colonic Inflammatory Bowel Disease. Aliment. Pharmacol. Ther. 2011, 33, 304-312. [CrossRef] [PubMed]
Iacucci, M.,; Furfaro, F; Matsumoto, T.; Uraoka, T.; Smith, S.; Ghosh, S.; Kiesslich, R. Advanced Endoscopic Techniques in the
Assessment of Inflammatory Bowel Disease: New Technology, New Era. Gut 2019, 68, 562-572. [CrossRef]

Subramanian, V.; Ragunath, K. Advanced Endoscopic Imaging: A Review of Commercially Available Technologies. Clin.
Gastroenterol. Hepatol. 2014, 12, 368-376. [CrossRef] [PubMed]

Subramanian, V.; Ramappa, V.; Telakis, E.; Mannath, J.; Jawhari, A.U.; Hawkey, C.J.; Ragunath, K. Comparison of High Definition
with Standard White Light Endoscopy for Detection of Dysplastic Lesions during Surveillance Colonoscopy in Patients with
Colonic Inflammatory Bowel Disease. Inflamm. Bowel Dis. 2013, 19, 350-355. [CrossRef] [PubMed]

American Society for Gastrointestinal Endoscopy Standards of Practice Committee; Shergill, A.K.; Lightdale, J.R.; Bruining, D.H.;
Acosta, R.D.; Chandrasekhara, V.; Chathadi, K.V.; Decker, G.A.; Early, D.S.; Evans, J.A.; et al. The Role of Endoscopy in
Inflammatory Bowel Disease. Gastrointest. Endosc. 2015, 81, 1101-1121.e13. [CrossRef] [PubMed]

Matsuda, T.; Ono, A.; Sekiguchi, M.; Fujii, T.; Saito, Y. Advances in Image Enhancement in Colonoscopy for Detection of
Adenomas. Nat. Rev. Gastroenterol. Hepatol. 2017, 14, 305-314. [CrossRef]

Tacucci, M.; Cannatelli, R.; Tontini, G.E.; Panaccione, R.; Danese, S.; Fiorino, G.; Matsumoto, T.; Kochhar, G.S.; Shen, B.;
Kiesslich, R.; et al. Improving the Quality of Surveillance Colonoscopy in Inflammatory Bowel Disease. Lancet Gastroenterol.
Hepatol. 2019, 4, 971-983. [CrossRef]

Clarke, W.T.; Feuerstein, ].D. Colorectal Cancer Surveillance in Inflammatory Bowel Disease: Practice Guidelines and Recent
Developments. World ]. Gastroenterol. 2019, 25, 4148-4157. [CrossRef] [PubMed]

Bisschops, R.; East, J.E.; Hassan, C.; Hazewinkel, Y.; Kaminiski, M.E;; Neumann, H.; Pellisé, M.; Antonelli, G.; Bustamante
Balen, M.; Coron, E.; et al. Advanced Imaging for Detection and Differentiation of Colorectal Neoplasia: European Society of
Gastrointestinal Endoscopy (ESGE) Guideline-Update 2019. Endoscopy 2019, 51, 1155-1179.

Atkinson, N.S.S.; Ket, S.; Bassett, P.; Aponte, D.; De Aguiar, S.; Gupta, N.; Horimatsu, T.; Ikematsu, H.; Inoue, T,
Kaltenbach, T.; et al. Narrow-Band Imaging for Detection of Neoplasia at Colonoscopy: A Meta-Analysis of Data From
Individual Patients in Randomized Controlled Trials. Gastroenterology 2019, 157, 462—471. [CrossRef]


http://doi.org/10.1038/s41395-018-0354-7
http://www.ncbi.nlm.nih.gov/pubmed/30353058
http://doi.org/10.14309/ajg.0000000000000152
http://doi.org/10.1093/ecco-jcc/jjy113
http://www.ncbi.nlm.nih.gov/pubmed/30137275
http://doi.org/10.1136/gut.2009.179804
http://www.ncbi.nlm.nih.gov/pubmed/20427401
http://doi.org/10.1053/j.gastro.2009.12.037
http://doi.org/10.1016/S1542-3565(04)00543-9
http://doi.org/10.1136/gut.2007.143453
http://doi.org/10.1177/1756284820920779
http://www.ncbi.nlm.nih.gov/pubmed/32523622
http://doi.org/10.1053/j.gastro.2015.01.031
http://www.ncbi.nlm.nih.gov/pubmed/25702852
http://doi.org/10.1016/j.cgh.2016.11.021
http://www.ncbi.nlm.nih.gov/pubmed/27890853
http://doi.org/10.1053/gast.2003.50146
http://doi.org/10.1111/j.1365-2036.2010.04525.x
http://www.ncbi.nlm.nih.gov/pubmed/21128987
http://doi.org/10.1136/gutjnl-2017-315235
http://doi.org/10.1016/j.cgh.2013.06.015
http://www.ncbi.nlm.nih.gov/pubmed/23811245
http://doi.org/10.1002/ibd.23002
http://www.ncbi.nlm.nih.gov/pubmed/22552948
http://doi.org/10.1016/j.gie.2014.10.030
http://www.ncbi.nlm.nih.gov/pubmed/25800660
http://doi.org/10.1038/nrgastro.2017.18
http://doi.org/10.1016/S2468-1253(19)30194-3
http://doi.org/10.3748/wjg.v25.i30.4148
http://www.ncbi.nlm.nih.gov/pubmed/31435169
http://doi.org/10.1053/j.gastro.2019.04.014

J. Clin. Med. 2022, 11, 509 14 of 16

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

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]

ASGE Technology Committee; Manfredi, M.A.; Abu Dayyeh, B.K.; Bhat, YM.; 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]
Paggi, S.; Mogavero, G.; Amato, A.; Rondonotti, E.; Andrealli, A.; Imperiali, G.; Lenoci, N.; Mandelli, G.; Terreni, N;
Conforti, ES.; et al. Linked Color Imaging Reduces the Miss Rate of Neoplastic Lesions in the Right Colon: A Randomized
Tandem Colonoscopy Study. Endoscopy 2018, 50, 396—402.

Yoshida, N.; Dohi, O.; Inoue, K.; Yasuda, R.; Murakami, T.; Hirose, R.; Inoue, K.; Naito, Y.; Inada, Y.; Ogiso, K.; et al. Blue Laser
Imaging, Blue Light Imaging, and Linked Color Imaging for the Detection and Characterization of Colorectal Tumors. Gut Liver
2019, 13, 140-148. [CrossRef]

Subramaniam, S.; Hayee, B.; Aepli, P.; Schoon, E.; Stefanovic, M.; Kandiah, K.; Thayalasekaran, S.; Alkandari, A.; Bassett, P;
Coron, E.; et al. Optical Diagnosis of Colorectal Polyps with Blue Light Imaging Using a New International Classification. United
Eur. Gastroenterol. ]. 2019, 7, 316-325. [CrossRef]

Rondonotti, E.; Paggi, S.; Amato, A.; Mogavero, G.; Andrealli, A.; Conforti, F.S.; Conte, D.; Spinzi, G.; Radaelli, F. Blue-Light
Imaging Compared with High-Definition White Light for Real-Time Histology Prediction of Colorectal Polyps Less than 1
Centimeter: A Prospective Randomized Study. Gastrointest. Endosc. 2019, 89, 554-564.e1. [CrossRef]

Wan, J.; Zhang, Q.; Liang, S.H.; Zhong, J.; Li, ].N.; Ran, Z.H.; Zhi, EC.; Wang, X.D.; Zhang, X.L.; Wen, Z.H.; et al. Chromoendoscopy
with Targeted Biopsies Is Superior to White-Light Endoscopy for the Long-Term Follow-up Detection of Dysplasia in Ulcerative
Colitis Patients: A Multicenter Randomized-Controlled Trial. Gastroenterol. Rep. 2020, 9, 14-21. [CrossRef]

Alexandersson, B.; Hamad, Y.; Andreasson, A.; Rubio, C.A.; Ando, Y.; Tanaka, K.; Ichiya, T.; Rezaie, R.; Schmidt, P. High-Definition
Chromoendoscopy Superior to High-Definition White-Light Endoscopy in Surveillance of Inflammatory Bowel Diseases in a
Randomized Trial. Clin. Gastroenterol. Hepatol. 2020, 18, 2101-2107. [CrossRef]

Kim, K.O.; Chiorean, M. Advanced Neoplasia Detection Using Chromoendoscopy and White Light Colonoscopy for Surveillance
in Patients with Inflammatory Bowel Disease. Intest. Res. 2020, 18, 438—446. [CrossRef]

Sekra, A.; Schauer, C.; Mills, L.; Vandal, A.C.; Rose, T.; Lal, D.; Ogra, R. Chromoendoscopy versus Standard Colonoscopy for
Detection of Nonpolypoid Dysplasia in Patients with Inflammatory Bowel Disease. N. Z. Med. |. 2018, 131, 32-38.

Deepak, P.; Hanson, G.J.; Fletcher, ]J.G.; Tremaine, W.J.; Pardi, D.S.; Kisiel, ].B.; Schroeder, KW.; Wong Kee Song, L.M.;
Harmsen, W.S,; Loftus, E.V,, Jr,; et al. Incremental Diagnostic Yield of Chromoendoscopy and Outcomes in Inflammatory Bowel
Disease Patients with a History of Colorectal Dysplasia on White-Light Endoscopy. Gastrointest. Endosc. 2016, 83, 1005-1012.
[CrossRef] [PubMed]

Carballal, S.; Maisterra, S.; Lopez-Serrano, A.; Gimeno-Garcia, A.Z.; Vera, M.I.; Marin-Garbriel, ].C.; Diaz-Tasende, J.; Marquez, L.;
Alvarez, M.A.; Hernandez, L.; et al. Real-Life Chromoendoscopy for Neoplasia Detection and Characterisation in Long-Standing
IBD. Gut 2018, 67, 70-78. [CrossRef]

Coelho-Prabhu, N.; Bruining, D.H.; Faubion, W.A.; Kane, S.V,; Kisiel, ].B.; Papadakis, K.A.; Pardi, D.S.; Raffals, L.E,;
Schroeder, K.W.; Tremaine, W.J.; et al. A 1-Year Cross-Sectional Inflammatory Bowel Disease Surveillance Colonoscopy Cohort
Comparing High-Definition White Light Endoscopy and Chromoendoscopy. Inflamm. Bowel Dis. 2021, 27, 594-602. [CrossRef]
[PubMed]

Mooiweer, E.; van der Meulen-de Jong, A.E.; Ponsioen, C.Y.; Fidder, H.H.; Siersema, P.D.; Dekker, E.; Oldenburg, B. Chromoen-
doscopy for Surveillance in Inflammatory Bowel Disease Does Not Increase Neoplasia Detection Compared With Conventional
Colonoscopy With Random Biopsies: Results From a Large Retrospective Study. Am. ]. Gastroenterol. 2015, 110, 1014-1021.
[CrossRef]

Clarke, K.; Kang, M.; Gorrepati, V.S.; Stine, ].G.; Tinsley, A.; Williams, E.; Moyer, M.; Coates, M. Dysplasia Detection Is
Similar between Chromoendoscopy and High-Definition White-Light Colonoscopy in Inflammatory Bowel Disease Patients: A
US-Matched Case-Control Study. Int. J. Color. Dis. 2020, 35, 2301-2307. [CrossRef] [PubMed]

Tacucci, M.; Kaplan, G.G.; Panaccione, R.; Akinola, O.; Lethebe, B.C.; Lowerison, M.; Leung, Y.; Novak, K.L.; Seow, C.H;
Urbanski, S.; et al. A Randomized Trial Comparing High Definition Colonoscopy Alone with High Definition Dye Spraying and
Electronic Virtual Chromoendoscopy for Detection of Colonic Neoplastic Lesions During IBD Surveillance Colonoscopy. Am. J.
Gastroenterol. 2018, 113, 225-234. [CrossRef]

Yang, D.H.; Park, S.J.; Kim, H.S,; Park, Y.S.; Park, D.I; Lee, K. M.; Jung, S.A.; Choi, C.H.; Koo, J.S.; Cheon, J.H.; et al. High-
Definition Chromoendoscopy Versus High-Definition White Light Colonoscopy for Neoplasia Surveillance in Ulcerative Colitis:
A Randomized Controlled Trial. Am. J. Gastroenterol. 2019, 114, 1642-1648. [CrossRef]

Leifeld, L.; Rogler, G.; Stallmach, A.; Schmidt, C.; Zuber-Jerger, I.; Hartmann, F; Plauth, M.; Drabik, A.; Hofstadter, F;
Dienes, H.P; et al. White-Light or Narrow-Band Imaging Colonoscopy in Surveillance of Ulcerative Colitis: A Prospective
Multicenter Study. Clin. Gastroenterol. Hepatol. 2015, 13, 1776-1781.el. [CrossRef]

Kandiah, K.; Subramaniam, S.; Thayalasekaran, S.; Chedgy, FJ.; Longcroft-Wheaton, G.; Fogg, C.; Brown, J.E; Smith, S.C,;
Tacucci, M.; Bhandari, P. Multicentre Randomised Controlled Trial on Virtual Chromoendoscopy in the Detection of Neoplasia
during Colitis Surveillance High-Definition Colonoscopy (the VIRTUOSO Trial). Gut 2021, 70, 1684-1690. [CrossRef]


http://doi.org/10.1055/s-0042-118087
http://doi.org/10.1016/j.gie.2014.06.020
http://doi.org/10.5009/gnl18276
http://doi.org/10.1177/2050640618822402
http://doi.org/10.1016/j.gie.2018.09.027
http://doi.org/10.1093/gastro/goaa028
http://doi.org/10.1016/j.cgh.2020.04.049
http://doi.org/10.5217/ir.2019.00090
http://doi.org/10.1016/j.gie.2015.09.021
http://www.ncbi.nlm.nih.gov/pubmed/26408903
http://doi.org/10.1136/gutjnl-2016-312332
http://doi.org/10.1093/ibd/izaa146
http://www.ncbi.nlm.nih.gov/pubmed/32529198
http://doi.org/10.1038/ajg.2015.63
http://doi.org/10.1007/s00384-020-03719-3
http://www.ncbi.nlm.nih.gov/pubmed/32812090
http://doi.org/10.1038/ajg.2017.417
http://doi.org/10.14309/ajg.0000000000000341
http://doi.org/10.1016/j.cgh.2015.04.172
http://doi.org/10.1136/gutjnl-2020-320980

J. Clin. Med. 2022, 11, 509 150f 16

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Bisschops, R.; Bessissow, T.; Joseph, J.A.; Baert, F; Ferrante, M.; Ballet, V.; Willekens, H.; Demedts, I.; Geboes, K,
De Hertogh, G.; et al. Chromoendoscopy versus Narrow Band Imaging in UC: A Prospective Randomised Controlled
Trial. Gut 2018, 67, 1087-1094. [CrossRef] [PubMed]

Gulati, S.; Dubois, P; Carter, B.; Cornelius, V.; Martyn, M.; Emmanuel, A.; Haji, A.; Hayee, B. A Randomized Crossover Trial of
Conventional vs Virtual Chromoendoscopy for Colitis Surveillance: Dysplasia Detection, Feasibility, and Patient Acceptability
(CONVINCE). Inflamm. Bowel Dis. 2019, 25, 1096-1106. [CrossRef]

Gonzalez-Bernardo, O.; Riestra, S.; Vivas, S.; de Francisco, R.; Pérez-Martinez, I.; Castafio-Garcia, A.; Jiménez-Beltran, V.; Rollé, V.;
Suérez, P; Suarez, A. Chromoendoscopy With Indigo Carmine vs Virtual Chromoendoscopy (ISCAN 1) for Neoplasia Screening
in Patients With Inflammatory Bowel Disease: A Prospective Randomized Study. Inflammm. Bowel Dis. 2021, 27, 1256-1262.
[CrossRef] [PubMed]

Lopez-Serrano, A.; Sudrez, M.].; Bes6, P.; Algarra, A.; Latorre, P; Barrachina, M.M.; Paredes, ]. Virtual Chromoendoscopy
with ISCAN as an Alternative Method to Dye-Spray Chromoendoscopy for Dysplasia Detection in Long-Standing Colonic
Inflammatory Bowel Disease: A Case-Control Study. Scand. ]. Gastroenterol. 2021, 56, 820-828. [CrossRef]

Bopanna, S.; Roy, M,; Das, P.; Dattagupta, S.; Sreenivas, V.; Mouli, V.P,; Kedia, S.; Dhingra, R.; Pradhan, R.; Kumar, N.S.; et al. Role
of Random Biopsies in Surveillance of Dysplasia in Ulcerative Colitis Patients with High Risk of Colorectal Cancer. Intestig. Res.
2016, 14, 264-269. [CrossRef]

Gasia, M.E; Ghosh, S.; Panaccione, R.; Ferraz, ].G.; Kaplan, G.G.; Leung, Y.; Novak, K.L.; Seow, C.H.; Iacucci, M. Targeted Biopsies
Identify Larger Proportions of Patients With Colonic Neoplasia Undergoing High-Definition Colonoscopy, Dye Chromoendoscopy,
or Electronic Virtual Chromoendoscopy. Clin. Gastroenterol. Hepatol. 2016, 14, 704-712.e4. [CrossRef] [PubMed]

Watanabe, T.; Ajioka, Y.; Mitsuyama, K.; Watanabe, K.; Hanai, H.; Nakase, H.; Kunisaki, R.; Matsuda, K.; Iwakiri, R.; Hida, N.; et al.
Comparison of Targeted vs Random Biopsies for Surveillance of Ulcerative Colitis-Associated Colorectal Cancer. Gastroenterology
2016, 151, 1122-1130. [CrossRef]

Hata, K; Ishihara, S.; Ajioka, Y.; Mitsuyama, K.; Watanabe, K.; Hanai, H.; Kunisaki, R.; Nakase, H.; Matsuda, K.; Iwakiri, R; et al.
Long-Term Follow-Up of Targeted Biopsy Yield (LOFTY Study) in Ulcerative Colitis Surveillance Colonoscopy. J. Clin. Med. 2020,
9, 2286. [CrossRef]

Moussata, D.; Allez, M.; Cazals-Hatem, D.; Treton, X.; Laharie, D.; Reimund, ].M.; Bertheau, P; Bourreille, A.; Lavergne-Slove, A,;
Brixi, H.; et al. Are Random Biopsies Still Useful for the Detection of Neoplasia in Patients with IBD Undergoing Surveillance
Colonoscopy with Chromoendoscopy? Gut 2018, 67, 616—624. [CrossRef]

Hu, A.B.; Burke, K.E.; Kochar, B.; Ananthakrishnan, A.N. Yield of Random Biopsies During Colonoscopies in Inflammatory
Bowel Disease Patients Undergoing Dysplasia Surveillance. Inflamm. Bowel Dis. 2021, 27, 779-786. [CrossRef]

El-Dallal, M.; Chen, Y.; Lin, Q.; Rakowsky, S.; Sattler, L.; Foromera, J.; Grossberg, L.; Cheifetz, A.S.; Feuerstein, ]. Meta-Analysis
of Virtual-Based Chromoendoscopy Compared With Dye-Spraying Chromoendoscopy Standard and High-Definition White
Light Endoscopy in Patients With Inflammatory Bowel Disease at Increased Risk of Colon Cancer. Inflamm. Bowel Dis. 2020, 26,
1319-1329. [CrossRef]

Bessissow, T.; Dulai, P.S.; Restellini, S.; Landry, T.; Bisschops, R.; Murad, M.H.; Singh, S. Comparison of Endoscopic Dysplasia
Detection Techniques in Patients With Ulcerative Colitis: A Systematic Review and Network Meta-Analysis. Inflamm. Bowel Dis.
2018, 24, 2518-2526. [CrossRef]

Gondal, B.; Haider, H.; Komaki, Y.; Komaki, F.; Micic, D.; Rubin, D.T.; Sakuraba, A. Efficacy of Various Endoscopic Modalities in
Detecting Dysplasia in Ulcerative Colitis: A Systematic Review and Network Meta-Analysis. World ]. Gastrointest. Endosc. 2020,
12,159-171. [CrossRef]

Resende, R.H.; Ribeiro, I.B.; de Moura, D.T.H.; Galetti, F.; Rocha, R.S.P,; Bernardo, W.M.; Sakai, ., de Moura, E.G.H. Surveillance in
Inflammatory Bowel Disease: Is Chromoendoscopy the Only Way to Go? A Systematic Review and Meta-Analysis of Randomized
Clinical Trials. Endosc. Int. Open. 2020, 8, E578-E590. [CrossRef]

Imperatore, N.; Castiglione, F.; Testa, A.; De Palma, G.D.; Caporaso, N.; Cassese, G.; Rispo, A. Augmented Endoscopy for
Surveillance of Colonic Inflammatory Bowel Disease: Systematic Review With Network Meta-Analysis. |. Crohns Colitis 2019, 13,
714-724. [CrossRef]

Har-Noy, O.; Katz, L.; Avni, T.; Battat, R.; Bessissow, T.; Yung, D.E.; Engel, T.; Koulaouzidis, A.; Eliakim, R.; Ben-Horin, S.; et al.
Chromoendoscopy, Narrow-Band Imaging or White Light Endoscopy for Neoplasia Detection in Inflammatory Bowel Diseases.
Dig. Dis. Sci. 2017, 62, 2982-2990. [CrossRef]

Feuerstein, ].D.; Rakowsky, S.; Sattler, L.; Yadav, A.; Foromera, J.; Grossberg, L.; Cheifetz, A. Meta-Analysis of Dye-Based
Chromoendoscopy Compared with Standard-and High-Definition White-Light Endoscopy in Patients with Inflammatory Bowel
Disease at Increased Risk of Colon Cancer. Gastrointest. Endosc. 2019, 90, 186-195. [CrossRef]

Iannone, A.; Ruospo, M.; Palmer, S.C.; Principi, M.; Barone, M.; Di Leo, A; Strippoli, G.EM. Systematic Review with Network
Meta-Analysis: Endoscopic Techniques for Dysplasia Surveillance in Inflammatory Bowel Disease. Aliment. Pharmacol. Ther. 2019,
50, 858-871. [CrossRef]

Lv, X.H.; Wang, B.L.; Cao, G.W. Narrow Band Imaging for Surveillance in Inflammatory Bowel Disease: A Systematic Review and
Meta-Analysis. J. Clin. Gastroenterol. 2019, 53, 607-615. [CrossRef]

Wan, J.; Wang, X.; Yang, Z.P.; Wu, K.C. Systematic Review with Meta-Analysis: Chromoendoscopy versus White Light Endoscopy
in Detection of Dysplasia in Patients with Inflammatory Bowel Disease. J. Dig. Dis. 2019, 20, 206-214. [CrossRef]


http://doi.org/10.1136/gutjnl-2016-313213
http://www.ncbi.nlm.nih.gov/pubmed/28698230
http://doi.org/10.1093/ibd/izy360
http://doi.org/10.1093/ibd/izaa291
http://www.ncbi.nlm.nih.gov/pubmed/33169787
http://doi.org/10.1080/00365521.2021.1925339
http://doi.org/10.5217/ir.2016.14.3.264
http://doi.org/10.1016/j.cgh.2015.12.047
http://www.ncbi.nlm.nih.gov/pubmed/26804384
http://doi.org/10.1053/j.gastro.2016.08.002
http://doi.org/10.3390/jcm9072286
http://doi.org/10.1136/gutjnl-2016-311892
http://doi.org/10.1093/ibd/izaa205
http://doi.org/10.1093/ibd/izaa011
http://doi.org/10.1093/ibd/izy188
http://doi.org/10.4253/wjge.v12.i5.159
http://doi.org/10.1055/a-1120-8376
http://doi.org/10.1093/ecco-jcc/jjy218
http://doi.org/10.1007/s10620-017-4772-y
http://doi.org/10.1016/j.gie.2019.04.219
http://doi.org/10.1111/apt.15493
http://doi.org/10.1097/MCG.0000000000001101
http://doi.org/10.1111/1751-2980.12714

J. Clin. Med. 2022, 11, 509 16 of 16

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Azizi, S.; Al-Rubaye, H.; Turki, M.A.A ; Siddiqui, M.R.S.; Shanmuganandan, A.P.; Ehsanullah, B.; Brar, R.; Abulafi, A.M. Detecting
Dysplasia Using White Light Endoscopy or Chromoendoscopy in Ulcerative Colitis Patients without Primary Sclerosing
Cholangitis: A Systematic Review and Meta-Analysis. Int. ]. Surg. 2018, 52, 180-188. [CrossRef]

Wijnands, A.M.; Mahmoud, R.; Lutgens, M.W.M.D.; Oldenburg, B. Surveillance and Management of Colorectal Dysplasia and
Cancer in Inflammatory Bowel Disease: Current Practice and Future Perspectives. Eur. ]. Intern. Med. 2021, 93, 35-41. [CrossRef]
Adamina, M.; Feakins, R.; Iacucci, M.; Spinelli, A.; Cannatelli, R.; D’Hoore, A.; Driessen, A.; Katsanos, K.; Mookhoek, A.;
Myrelid, P; et al. ECCO Topical Review Optimising Reporting in Surgery, Endoscopy, and Histopathology. J. Crohns Colitis 2021,
15,1089-1105. [CrossRef]

Megna, B.; Weiss, |.; Ley, D.; Saha, S.; Pfau, P.; Grimes, I.; Li, Z.; Caldera, F. Clear Liquid Diet before Bowel Preparation Predicts
Successful Chromoendoscopy in Patients with Inflammatory Bowel Disease. Gastrointest. Endosc. 2019, 89, 373-379.e2. [CrossRef]
Ten Hove, ].R.; Bernstein, C.N.; Oldenburg, B. Putting Evidence into Practice: IBD Surveillance, Chromoendoscopy and Future
Directions. Am. J. Gastroenterol. 2018, 113, 313-316. [CrossRef]

Dekker, E.; Houwen, B.B.S.L.; Puig, I.; Bustamante-Balén, M.; Coron, E.; Dobru, D.E.; Kuvaev, R.; Neumann, H.; Johnson, G;
Pimentel-Nunes, P.; et al. Curriculum for Optical Diagnosis Training in Europe: European Society of Gastrointestinal Endoscopy
(ESGE) Position Statement. Endoscopy 2020, 52, C10. [CrossRef]

Zilli, A.; Capogreco, A.; Furfaro, F,; Allocca, M.; Roda, G.; Loy, L.; Fiorino, G.; Danese, S. Improving Quality of Care in Endoscopy
of Inflammatory Bowel Disease: Can We Do Better? Expert Rev. Gastroenterol. Hepatol. 2020, 14, 819-828. [CrossRef]

Parigi, T.L.; Peyrin-Biroulet, L.; Danese, S. Endoscopic Surveillance in IBD: The Virtue Is in High Definition. Gastroenterology 2021.
[CrossRef]

Hassan, C.; Spadaccini, M.; Iannone, A.; Maselli, R.; Jovani, M.; Chandrasekar, V.T.; Antonelli, G.; Yu, H.; Areia, M,;
Dinis-Ribeiro, M.; et al. Performance of Artificial Intelligence in Colonoscopy for Adenoma and Polyp Detection: A Systematic
Review and Meta-Analysis. Gastrointest. Endosc. 2021, 93, 77-85.€6. [CrossRef]

Konijeti, G.G.; Shrime, M.G.; Ananthakrishnan, A.N.; Chan, A.T. Cost-Effectiveness Analysis of Chromoendoscopy for Colorectal
Cancer Surveillance in Patients with Ulcerative Colitis. Gastrointest. Endosc. 2014, 79, 455-465. [CrossRef]


http://doi.org/10.1016/j.ijsu.2018.02.028
http://doi.org/10.1016/j.ejim.2021.08.010
http://doi.org/10.1093/ecco-jcc/jjab011
http://doi.org/10.1016/j.gie.2018.09.039
http://doi.org/10.1038/ajg.2017.390
http://doi.org/10.1055/a-1264-2634
http://doi.org/10.1080/17474124.2020.1780913
http://doi.org/10.1053/j.gastro.2021.10.025
http://doi.org/10.1016/j.gie.2020.06.059
http://doi.org/10.1016/j.gie.2013.10.026

	Introduction 
	Virtual Chromoendoscopy: Technical Aspects 
	Methods 
	Results 
	DCE vs. HD-WLE 
	VCE 
	Random Biopsies in the Era of HD 

	Discussion 
	Conclusions 
	References

