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ABSTRACT

Background and study aims Long-standing ulcerative co-

litis (UC) is associated with an increased risk of developing

colorectal neoplasia. Both dye-based chromoendoscopy

(DCE) and virtual chromoendoscopy (VCE) increase detec-

tion of neoplastic lesions. In this prospective randomized

controlled trial (RCT), we compared the neoplasia detection

rate between DCE and i-scan VCE in patients with long-

standing UC.

Patient and methods In four European hospitals, 131 pa-

tients with long-standing UC (disease duration > 8 years)

were randomized to either DCE with methylene blue 0.1%

(n =66) or i-scan VCE (n =65). All procedures were per-

formed by trained endoscopists. Biopsies were taken from

all visible lesions and the surrounding mucosa.

Results The mean number of neoplastic lesions detected

per colonoscopy was not significantly different between

DCE (0.27) and i-scan VCE (0.37) (P =0.41). Similarly, there

was no significant difference in neoplasia detection rate be-

tween DCE (19.7%) and VCE (27.7%) (odds ratio0.64, 95%

confidence interval 0.28–1.50, P =0.31). However, the per

lesion neoplasia detection rate was significantly higher

with i-scan VCE compared to DCE (27.6% vs 15.3%, P =

0.036). Both withdrawal and total procedure time were on

average 10.0 and 9.9 minutes shorter using i-scan VCE

(both P < 0.001).

Conclusions This multicenter, prospective RCT showed no

significant difference in neoplasia detection between DCE

and i-scan VCE in long-standing UC. However, use of i-scan

VCE was associated with a lower false-positive rate and a

significantly shorter procedure time compared with DCE. I-

scan VCE, therefore, could be a valid replacement for DCE in

UC surveillance colonoscopies.
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Introduction
Patients with long-standing ulcerative colitis (UC) are at in-
creased risk for development of colonic neoplastic lesions [1].
A recent systematic review estimated that the overall risk of
UC-associated colorectal cancer (CRC) is 1.4% (95% confidence
interval [CI] 1.2%-1.6%) in this patient population, increasing
with disease duration and extent [1]. Therefore, periodic sur-
veillance for detection of neoplasia is strongly recommended
by gastroenterology societies, such as the European Crohn’s
and Colitis Organization (ECCO) and the European Society of
Gastrointestinal Endoscopy (ESGE) [2, 3]. Surveillance should
either consist of a pan-colonic dye-based chromoendoscopy
(DCE) (e. g. 0.1% methylene blue or 0.1% to 0.5% indigo car-
mine) with targeted biopsies of any visible lesion and two biop-
sies every 10 cm to assess disease activity and extent, or alter-
natively white light endoscopy with random four-quadrant
biopsies every 10 cm, as well as targeted biopsies of all visible
lesions [2, 3, 4]. Multiple studies have shown that DCE has a su-
perior neoplasia detection rate compared with standard defini-
tion white light endoscopy (SDWLE) with random biopsies and,
therefore, is considered the current gold standard [5, 6]. How-
ever, notwithstanding its superior neoplasia detection rate,
adoption of DCE in UC surveillance has been slow. This is mainly
because DCE, even though it is less laborious than random four-
quadrant biopsies, remains very time-consuming and is unprac-
tical in patients with suboptimal bowel preparation, because no
additional rinsing of the colonic mucosa can be performed
while staining.

In recent years, dye-less or virtual chromoendoscopy (VCE)
has gained interest as a potential alternative technique for de-
tection of neoplasia. Examples of these novel technologies in-
clude i-scan (Pentax, Tokyo, Japan), Blue Light Imaging (BLI –
Fujifilm, Tokyo, Japan), and Narrow Band Imaging (NBI – Olym-
pus, Tokyo, Japan). Of these, i-scan virtual chromoendoscopy
allows the endoscopist to switch between three different
modes/algorithms, namely Surface Enhancement (SE), Tone
Enhancement (TE), and Contrast Enhancement (CE), at the flick
of a switch. The SE mode facilitates the visualization of the
edges of lesions. This helps to better delineate mucosal struc-
ture and tissue folds, making structures appear elevated and
blood vessels more accentuated. The TE mode, on the other
hand, changes colorization of the individual pixels and accentu-
ates mucosal patterns and vascular structures, enabling better
lesion characterization. Lastly, CE mode is useful for detection
of depressed areas by colored representation of these low-den-
sity areas. This is mainly used to accentuate surface vessels and
the surface texture of the mucosa [7].

In the latest guidelines from ESGE, use of VCE, in addition to
conventional DCE, was supported in UC [8]. Unfortunately only
a few studies have compared the efficacy of i-scan versus DCE
for detection of neoplasia in long-standing UC [9, 10, 11].
Therefore, we performed this multicenter, prospective, ran-
domized controlled trial (RCT) to compare i-scan to conven-
tional DCE in patients with long-standing ulcerative colitis (UC)
undergoing routine surveillance colonoscopy for detection of
neoplasia.

Patients and methods
Study design and patients

This study was designed as an international, multicenter,
prospective, non-blinded RCT (ClinicalTrials.gov ID:
NCT01882205). Participants were recruited in four European
centers (Copenhagen University Hospital Herlev, Copenhagen,
Denmark; Amphia Hospital, Breda, the Netherlands; Maastricht
University Hospital, Maastricht, the Netherlands and University
Hospitals Leuven, Leuven, Belgium) from September 2008 until
April 2018. The study protocol was reviewed and approved by
all local ethics committees and the ethics committee of UZ Leu-
ven (ML4291); this study was performed in accordance with the
principles of the Helsinki Declaration.

Because dysplasia and colorectal cancer rarely occurs within
the first 8 years after disease onset, the consensus among
guidelines is that surveillance colonoscopies should start after
approximately 8 years of disease duration [8, 12, 13, 14, 15].
Therefore, all adult patients (aged ≥ 18 years) with long-stand-
ing UC (> 8 years for extensive colitis or > 10 years for left-sided
colitis) who had not had a surveillance colonoscopy during the
past year were eligible for inclusion. Exclusion criteria were ac-
tive UC (defined as Mayo score > 1) extending above 20cm from
the anal margin [16], inadequate bowel preparation (defined as
stool remnants that could not be rinsed off, corresponding with
Boston Bowel Preparation Score [17] (BBPS) ≤ 2 in at least one
segment), personal history of colorectal cancer, known allergy,
or intolerance to methylene blue. Patients refusing or incapable
of giving written informed consent and pregnant or nursing
women were also excluded.

The primary objective was to compare the total number of
neoplastic lesions detected using DCE (methylene blue 0.1%)
versus i-scan VCE in patients with long-standing UC.

Secondary objectives were to compare: the neoplasia detec-
tion rate (the number of patients with at least one neoplasia de-
tected) between both groups; the per lesion neoplasia detec-
tion rate (ratio of number of neoplastic lesions/total number
of lesions) between both groups; the total number of non-neo-
plastic lesions detected between both groups; the total number
of biopsies taken per colonoscopy between both groups; and
the total duration of the endoscopic procedure and the with-
drawal time between both groups.

In addition, demographic and clinical data were collected
from each participant through interview by a study investigator
and review of digital patient medical records (when available).
Variables, which were prospectively collected, consisted of pa-
tient age, sex, date of diagnosis, duration of disease in years,
active medication at the time of endoscopy, as well as those
previously prescribed, number of flares in the past 2 years,
BPPS, withdrawal time, and total endoscopic procedure time.

Randomization

Patients were randomly assigned to the DCE or i-scan group in a
1:1 ratio. An independent researcher prepared sealed envel-
opes with the endoscopic surveillance method to be per-
formed. These envelopes were grouped in sets of 20 (block ran-
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domization) and sent to the various participating centers. An
independent research assistant randomly selected one envel-
ope and opened it immediately before the colonoscopy.

Endoscopic procedure

Prior to endoscopy, patients were given a standard bowel prep-
aration, using a split-dose polyethylene glycol-based solution,
either at home or in the endoscopy department. All colonosco-
pies were performed using the commercially available
EC3890Fi colonoscope from Pentax, Japan, which was connec-
ted to an HD screen via an EPK-i7000 processor using the HD
serial digital interface (SDI) signal. All endoscopies were per-
formed by a selected team of endoscopists, who underwent
standardized onsite theoretical training in DCE and i-scan by
RB as well as a minimum of three supervised CE procedures by
RB before the endoscopists could participate in the trial. As per
the study protocol, any visible mucosal abnormalities (detected
during DCE or i-scan) were either biopsied or resected, and two
extra biopsies were taken from the surrounding mucosa using
disposable biopsy forceps (Boston Scientific Radial Jaw 4 stand-
ard capacity forceps). Lesions were classified according to the
Kudo pit pattern classification [18]. With the exception of typi-
cal pseudopolyps with Kudo pit pattern 1, all visible lesions
were biopsied or resected.

Dye-based chromoendoscopy with 0.1% methylene
blue

In the DCE group, the procedure involved a normal HD white-
light endoscopy (HD-WLE) with water cleansing during pro-
gression of the scope. Once the cecum was reached and the co-
lon was adequately cleansed, a 7F spray catheter was inserted
through the biopsy channel of the endoscope to spray the mu-
cosa with a 0.1% solution (diluted with saline) of methylene
blue, whereafter the scope was slowly withdrawn. After 1 min-
ute, excess methylene blue was removed and the scope was re-
inserted in the stained segment to inspect the mucosa for sus-
picious lesions. Targeted biopsies of all visible lesions and extra
biopsies of the mucosa surrounding the lesion were acquired
for histological evaluation. The entire colon was endoscopically
assessed in concordance with this protocol. Besides dying the
entire colonic mucosa, no other manipulations were needed
for this technique. The endoscopes used in the DCE-group did
not differ from the ones used in the other randomization arm.

Virtual chromoendoscopy with i-scan

In patients randomized to the i-scan group, the same commer-
cially available colonoscope (Pentax EC3890Fi colonoscope)
was used. The procedure involved a standard HD-WLE during
progression of the scope. Once the cecum was reached, the
scope was slowly retracted in the i-scan TE-modus with surface
enhancement on medium (range low-medium-high). Similar to
the DCE group, targeted biopsies of all visible lesions and addi-
tional biopsies of the mucosa surrounding the lesion were ac-
quired and histologically analyzed.

Histological examination

Biopsies were placed into separate containers, in concordance
with guidelines on use of CE-directed screening colonoscopy
for UC [2, 4]. Histological samples were examined by expert
gastrointestinal pathologists in the different centers. In case of
doubt about presence of dysplasia, a second pathologist re-
viewed the tissue samples and a consensus diagnosis was
made. A lesion was considered neoplastic if it belonged to any
of the following pathological types: adenocarcinoma, any
grade of dysplasia, indefinite for dysplasia, sessile serrated le-
sion/polyp, tubular adenoma, or colitis-associated dysplasia.

Statistical analysis
Sample size calculation

Upon initiation of the study, no scientific data were available
about the potential lesion detection rate with DCE or i-scan
VCE for UC surveillance. To calculate the required sample size,
we applied a power calculation similar to the one we used in
previous studies of DCE in long-standing UC surveillance [5].
Assuming a neoplasia incidence of 10%, we calculated that 67
patients had to be enrolled per group (134 patients in total) to
allow for a threefold superior neoplasia detection rate for either
technique with a power of 80% (beta error 0.2; alpha error
0.05).

Rates of neoplastic lesions, detected with either endoscopic
technique, were analyzed using a statistics software program
(GraphPad Prism v9.5.1). Analyses were conducted on a “per
patient” and “per lesion” basis. The “per patient” analysis was
done by calculating the percentage of patients in whom true
neoplastic lesions were detected from biopsies of endoscopi-
cally suspicious lesions. On the other hand, in “per lesion” anal-
ysis, the percentage of neoplastic lesions among all endoscopi-
cally suspicious lesions was calculated. Fisher’s exact test and
χ2test, where deemed appropriate, were applied for dichoto-
mous variables. Two-sided t-test (or Mann-Whitney U for data
with a non-normal distribution) was used for continuous vari-
ables. P < 0.05 was considered significant.

Results
Between September 2008 and April 2018, 145 patients with
long-standing UC were included into the study (▶Fig. 1). Of
these patients, 14 were excluded after randomization (7 in the
DCE group and 7 in the i-scan VCE group): 10 patients had ac-
tive inflammation at the time of endoscopic evaluation, two pa-
tients had a disease duration < 8 years, and two patients were
excluded because of poor bowel preparation (BBPS ≤ 2 in at
least one segment). For the final analysis, 131 patients were in-
cluded (66 in the DCE group and 65 in the i-scan VCE group).
Baseline characteristics did not significantly differ between
both groups (▶Table1). Cecal intubation rate was 100%.
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Primary objective

A total of 205 lesions were detected during 131 colonoscopies
(▶Fig. 2), corresponding to an average of 1.56 lesions detected
per patient (/per colonoscopy). All detected lesions were
resected or biopsied and histologically examined. Of the total
205 detected lesions, 42 lesions (20.5%) were neoplastic
(▶Table2).

In the DCE group (n =66), 18 neoplastic lesions were detected
in 13 patients. In the i-scan VCE group (n =65) 24 neoplastic le-
sions were detected in 18 patients. The mean (SD) number of
neoplastic lesions detected per colonoscopy was 0.27 (0.62) in
the DCE group and 0.37 (0.72) in the i-scan VCE group (P =0.41).

Secondary objectives

Based on the detected number of neoplastic lesions, the neo-
plasia detection rate (ratio of the number of colonoscopies
with at least one neoplasia detected over the total number of
colonoscopies) in the DCE group was 19.7% (13/66) versus
27.7% (18/65) in the i-scan group, which was not statistically
significantly different (P =0.31) (▶Fig. 3).

However, when calculating the per lesion neoplasia detec-
tion rate, which is often used as an indirect parameter to esti-
mate the false-positive rate of detections, a significant differ-
ence was found between the groups. In the DCE group 18 le-
sions were neoplastic from the 118 total biopsies. In the i-scan
VCE group, 87 biopsies were performed, of which 21 were neo-
plastic. This resulted in a per lesion neoplasia detection rate of
0.15 (18/118) in the DCE group compared with 0.28 (24/87) in
the i-scan VCE group (P =0.036).

Similarly, when comparing the number of non-neoplastic le-
sions per colonoscopy between the groups, a significant differ-
ence was found: In the DCE group, a mean number of 1.52 non-
neoplastic lesions (95% CI 1.13 to 1.90) were biopsied per colo-
noscopy, compared with 0.97 non-neoplastic lesions (95% CI
0.66 to 1.28) per colonoscopy in the i-scan VCE group (P =
0.024). However, there was no significant difference in the total
number of lesions (neoplastic and non-neoplastic) when com-
paring DCE (n =118) with i-scan VCE (n =87) (P =0.11).

Lastly, both withdrawal and total procedure time were
significantly different in the i-scan VCE group compared with
the DCE group.On average, withdrawal time was 10.0 minutes
shorter in the i-scan group (P < 0.0001, 95% CI -13.43 to -6.47)
and total procedure time, on average, was 9.9 minutes shorter
in the i-scan group (P < 0.0001, 95% CI -14.19 to -5.65) (▶Fig. 4).

Discussion
In this RCT, we did not detect any statistically significant differ-
ence between DCE and i-scan VCE for detection of neoplasia in
patients with long-standing UC in clinical remission. This
finding concurs with the available literature comparing DCE

▶Table 1 Baseline characteristics of DCE group vs i-scan VCE group.

DCE (n =66) i-scan VCE

(n =65)

Age in years
(median, IQR (P25-P75))

50.0 (39.8–63.0) 49.0
(40.5–58.5)

Sex (M/F) 21/42 24/37

Disease duration in years
(median, IQR (P25-P75))

17.2 (12.0–22.5) 17.8
(12.8–25.5)

Age at onset in years
(median, IQR (P25-P75))

31.2 (21.8 – 40.4) 29.2
(22.7–37.5)

PSC 4 5

therapy

▪ ASA 34 (51.5%) 41 (54.7%)

▪ Immunosuppressant 18 (27.3%) 10 (15.4%)

▪ Biological 11 (16.7%) 10 (15.4%)

Quality of preparation

▪ Good 43 (66.1%) 50 (76.9%)

▪ Perfect 22 (33.9%) 15 (23.1%)

ASA, aminosalicylic acid; DCE, dye-based chromoendoscopy; PSC, primary
sclerosing cholangitis.

145 patients enrolled

i-scan VCE
65

DCE
66

72 patients 
randomized to i-scan VCE

73 patients 
randomized to DCE 

Exclusions:
▪ Active 
 inflammation: 5
▪Poor bowel prep: 1
▪Disease duration 
 <8y: 1 

Exclusions:
▪ Active 
 inflammation: 5
▪Poor bowel prep: 1
▪Disease duration 
 <8y: 1 

▶ Fig. 1 Study flowchart

Neoplasia No neoplasia

DCE

i-scan

150

100

50

0

▶ Fig. 2 Number of detected lesions (neoplastic vs non neoplastic)
in the DCE group and the i-scan VCE group.
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and i-scan VCE, showing a lack of difference in neoplasia detec-
tion rate between these two techniques [9, 10, 11]. In addition,
other studies have compared alternative VCE technologies with
similar results [19, 20, 21]. Even though our study was not
designed for non-inferiority, the comparable rates of neoplasia
detection in i-scan VCE compared with conventional DCE in a
large sample size advocates for adoption of i-scan VCE as an
alternative to traditional DCE in UC surveillance. At least, cer-
tainly numerically, there is no decreased detection with i-scan,
which is different from previous publications [9]. However, our
results show that i-scan VCE had a significantly better per lesion
neoplasia detection rate compared with DCE (0.28 vs 0.15, P =
0.036) and a lower number of non-neoplastic lesions detected
per colonoscopy (0.97 vs 1.52, P =0.024). In concordance with
one of our previous studies comparing DCE with NBI in long-
standing UC surveillance [19], DCE detected numerous hyper-
plastic lesions (37% of total resected lesions in DCE), suggest-
ing that DCE highlights minimal changes in the colonic mucosa
that have no prognostic significance, ultimately leading to low-
er accuracy and associated higher costs. Moreover, our study
showed a significant reduction in average withdrawal time
(-10.0 minutes, P < 0.001) and total procedure time (-9.9 min-
utes, P < 0.001) in favor of i-scan VCE. Other studies comparing
DCE and VCE confirm that use of VCE is associated with a signif-
icant reduction in procedure time compared with DCE [10, 11,
19, 20, 21].

One of the strengths of our study is that it was prospective,
randomized, and multicenter. Moreover, colonoscopies were
performed by expert endoscopists who had received prior
standardized training in DCE and i-scan VCE, limiting endos-
copist-related confounding factors such as individual endos-
copist experience and learning curve. Our study did also have
limitations. It was powered for superiority in neoplasia detec-
tion. Nevertheless, our group sizes fell short of the target group
size set during power calculation. A type II error, therefore, can-
not be excluded. Yet because our total sample size was > 130
patients, any possible missed differences in both groups would
probably be clinically irrelevant, given the high number needed
to treat. It can also not be fully ruled out that some lesions were
missed with use of DCE or i-scan VCE because no random biop-
sies were taken. Still, this risk is considered negligible because
the rate of neoplasia detection using random biopsies is very
small and no additional neoplasia was detected in the lesion-
surrounding biopsies [22.]. Finally, due to the inclusion criteria
for our study, our data only apply to patients with quiescent UC
and adequate bowel preparation.

Conclusions
In conclusion, this trial did not show any significant difference
in neoplasia detection when using i-scan VCE compared with
conventional DCE in detecting neoplasia in surveillance colo-
noscopy in long-standing UC. Moreover, use of i-scan is asso-

▶Table 2 Overview of lesion type and number per group.

DCE i-scan

Neoplastic lesion 18 24

▪ Tubular adenoma 16 (88.8%) 21 (87.5%)

HGD 0 1

MGD 0 1

LGD 16 18

Indefinite 0 0

Unknown 0 1

▪ Sessile serrated lesion/polyp 1 (5.6%) 2 (8.3%)

▪ Adenocarcinoma 0 1 (4.2%)

▪ Colitis-associated dysplasia 1 (5.6%) 0

Non-neoplastic lesions 100 63

▪ Hyperplastic polyp 44 (44.0%) 26 (41.2%)

▪ Inflammatory pseudopolyp 4 (4.0%) 5 (8.0%)

▪ Nonspecific changes 52 (52.0%) 32 (50,8%)

Total lesions 118 87

DCE, dye-based chromoendoscopy; HGD, high-grade dysplasia; MGD,
moderate-grade dysplasia; LGD, low-grade dysplasia.

DCE i-scan

P = 0.31

ns
30

20

10

0

▶ Fig. 3 Neoplasia detection rate in the DCE group vs the i-scan VCE
group.

DCE i-scan

P <0.0001

****60

40

20

0

▶ Fig. 4 Total procedure time in the DCE group vs the i-scan VCE
group.
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ciated with significantly better per lesion neoplasia detection
and is timesaving compared with conventional DCE. Hence,
our results support use of i-scan VCE as an alternative to con-
ventional DCE in patients undergoing surveillance colonoscopy
for long-standing UC.
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