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Abstract
Background Longstanding colonic IBD increases
the risk of developing colorectal cancer. The utility of
chromoendoscopy with standard-definition white light
technology has been established. However, the use of
high-definition virtual chromoendoscopy (HDV) in colitis
surveillance remains undefined.
Objective To compare the performance of HDV (i-scan
OE mode 2) with high-definition white light (HDWL) for
detection of neoplasia in patients with IBD undergoing
surveillance colonoscopy. Additionally, we assessed the utility
of protocol-guided quadrantic non-targeted biopsies.
Design A multioperator randomised controlled trial was
carried out in two centres in the UK. Total of 188 patients
(101 men, mean age 54) with longstanding ulcerative
or Crohn’s colitis were randomised, prior to starting the
surveillance colonoscopy, to using either HDV (n=94) or
HDWL (n=94) on withdrawal. Targeted and quadrantic non-
targeted biopsies were taken in both arms per-randomisation
protocol. The primary outcome was the difference in
neoplasia detection rate (NDR) between HDV and HDWL.
Results There was no significant difference between
HDWL and HDV for neoplasia detection. The NDR was
not significantly different for HDWL (24.2%) and HDV
(14.9%) (p=0.14). All intraepithelial neoplasia (IEN)
detected contained low-grade dysplasia only. A total of
6751 non-targeted biopsies detected one IEN only. The
withdrawal time was similar in both arms of the study;
median of 24 min (HDWL) versus 25.5 min (HDV).
Conclusion HDV and HDWL did not differ significantly
in the detection of neoplasia. Almost all neoplasia were
detected on targeted biopsy or resection. Quadrantic
non-targeted biopsies have negligible additional gain.
Trial registration number Clinical Trial.gov ID
NCT02822352.

Introduction

Longstanding colonic IBD increases the risk of
developing colorectal cancer (CRC). The estimated
prevalence of CRC in patients with longstanding
UC is 3.7% (95% CI 3.2% to 4.2%).1 The risk of
developing CRC is similarly high in patients with
longstanding Crohn’s colitis (CC).2 The duration
of the disease is directly proportional to the rates

Significance of this study
What is already known on this subject?

►► Longstanding ulcerative and Crohn’s colitis

increases the risk of developing colorectal
cancer (CRC).
►► Surveillance colonoscopy is recommended by
national and international guidelines to reduce
the risk of developing CRC.
►► Chromoendoscopy using standard-definition
endoscopes has been shown to improve
neoplasia detection rate, but the uptake of this
technique has been low.
►► The role of high-definition white light (HDWL)
endoscopy and a novel high-definition virtual
chromoendoscopy (i-scan OE Mode 2) is not
known.
What are the new findings?

►► Our randomised controlled trials did not

demonstrate the superiority of high-definition
virtual chromoendoscopy (HDV) over HDWL.
►► The control group (HDWL) outperformed the
intervention group (HDV) where targeted
biopsies with HDWL alone can detect all the
neoplasia in colitic bowel.
►► The yield of quadrantic non-targeted biopsies
in detecting neoplasia is extremely low. A total
of 6751 non-targeted colonic biopsies detected
one neoplasia in this study.
How might it impact on clinical practice in the
foreseeable future?
►► Targeted biopsies with HDWL endoscopy
systems may be adequate in detecting
neoplasia in the colitis surveillance population.

of developing CRC, with a variable cumulative
incidence of 1%–2% by 10 years, 4%–8% by 20
years and 14%–18% by 30 years.1 3 Therefore,
national and international guidelines recommend
patients with colonic IBD of 8–10 years duration to be enrolled in an endoscopic surveillance
programme.4 5
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Multicentre randomised controlled trial on virtual
chromoendoscopy in the detection of neoplasia
during colitis surveillance high-definition colonoscopy
(the VIRTUOSO trial)
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Methods
Study design

This was a multicentre prospective RCT. The study participants
were recruited from two centres in the UK (Queen Alexandra
Hospital, Portsmouth and University Hospital Birmingham,
Birmingham) between August 2016 and February 2018 (see
online supplemental file 1)—study protocol).

Patient and public involvement

Patients and a member of public were involved in the trial development stage. The group is representative of the local population eligible for the trial, and included patients or carers with
bowel disease. We discussed the trial questions, acceptability
of trial designs including parallel group versus cross-over and
methods of recruitment. This group also reviewed patient-facing
documents such as the informed consent and information sheet.

Patients

All consecutive patients with IBD above the age of 18 years with
longstanding colitis (UC: 8 years after onset of symptoms for
patients with subtotal or total colitis and 10 years after onset of
Kandiah K, et al. Gut 2021;70:1684–1690. doi:10.1136/gutjnl-2020-320980

symptoms for patients with left-sided colitis, CC: 8 years after
diagnosis) referred for a surveillance colonoscopy and who were
able to provide consent were invited to participate.
Exclusion criteria were persistent coagulopathy, known colonic
neoplasia, pregnant women, fulminant colitis and inability to
consent. Persistent coagulopathy was defined as patients who were
on warfarin and had an international normalised ratio (INR) of
>1.5 despite cessation of the drug or had not stopped their direct
oral anticoagulants as per the British Society of Gastroenterology
and European Society of Gastrointestinal Endoscopy guidelines
on endoscopy in patients on anticoagulant therapy.16

Procedure
All patients received standard polyethylene glycol-based bowel
preparation prior to the procedure. The patients were consented
for the study following consent for the surveillance colonoscopy. Thereafter, demographic and clinical data were obtained.
Patients were randomised on a 1:1 ratio to two study arms via
an online randomisation platform (Sealed Envelope, UK) using
random permuted blocks of randomly varying sizes prior to
commencing the surveillance colonoscopy. The disease activity
and bowel preparation were assessed during the insertion phase
of the surveillance colonoscopy. Patients with active colitis
(defined as modified Baron’s score of <3 and Simple Endoscopic
Score for Crohn’s Disease of <6) and poor bowel preparation
(defined as >20% of the mucosa obscured by solid stool after
suction) were withdrawn from the study.
All colonoscopies were carried out using i10 series Pentax
colonoscopes without zoom and OPTIVISTA EPK-i7010 high-
definition video processors (Pentax, Germany), which were
connected to high-definition monitors. The colonoscopies were
undertaken by six dedicated endoscopists who have been trained
to perform IBD surveillance colonoscopy by the two senior
endoscopists in the study (PB and MI). All the endoscopists
involved had carried out more than a 100 cases using HDV and
HDWL prior to the commencement of the study. The procedures were performed with the patients under conscious sedation using intravenous midazolam and fentanyl.
Intubation up to the caecum was carried out using HDWL
in both arms. Once the caecum was reached, withdrawal was
carried out using i-scan OE mode 2 for patients randomised to
the HDV arm. For patients in the HDWL arm, withdrawal was
carried out using HDWL only. A research nurse who was present
for the whole duration of the procedure documented the times
for the start of the procedure, caecal intubation and the end of
the procedure where the colonoscope has been completely withdrawn from the patient using an electronic clock.

Biopsy protocol
The assessment for lesions was carried out on withdrawal of the
endoscope from the caecum. The size, location and Paris classification of all lesions detected in both arms of the study were documented. These lesions were either resected or targeted biopsies
were taken. No additional imaging technologies or techniques
were used to assess the lesions prior to resection or biopsy. In addition, quadrantic non-targeted biopsies were taken every 10 cm in
all patients in both arms of the study, starting at the caecum.

Histopathological assessment

Pathological specimens were analysed by the pathologist of each
centre for the presence of neoplasia. A second pathologist expert
in gastrointestinal pathology reviewed all specimens containing
neoplasia. The following pathological diagnoses were considered
1685
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These guidelines recommend surveillance colonoscopy using
chromoendoscopy with targeted biopsy as standard practice.
Several studies have demonstrated up to threefold increase in
neoplasia detection (per-patient basis) using chromoendoscopy
when compared with standard-
definition white light endoscopy.6–9 Despite the higher neoplasia yield by chromoendoscopy,
the technique has not been widely adopted by endoscopists. This
is partly due to the perceived additional time taken to carry out
chromoendoscopy, lack of validated standards and training on
the chromoendoscopy technique and inability to use the dyes in
the presence of poor bowel preparation.10
The seminal trials showing the efficacy of chromoendoscopy
in the detection of neoplasia in colitis were conducted using
standard-definition white light technology. Carrying out surveillance colonoscopy using high-
definition white light (HDWL)
has been demonstrated to have a higher neoplasia detection rate
(NDR) when compared with standard-definition white light.11
The per-
patient NDR using HDWL in two recent trials was
between 0.12 and 0.26, an improvement from the per-patient
NDR of 0.07 with chromoendoscopy using standard-definition
white light in the older studies.6 12–14
Advances in technology have led to the development of, dye-
free virtual chromoendoscopy technologies such as HD i-scan
(Pentax, Tokyo, Japan) and NBI (Olympus, Tokyo, Japan). These
technologies enhance the mucosal surface details, thereby theoretically improving the detection of neoplasia. However, two
randomised controlled trials (RCTs) assessing the effectiveness
of virtual chromoendoscopy over dye spray chromoendoscopy
have been inconclusive.13 15
The i-
scan OE-
mode 2 (Pentax, Tokyo, Japan) is a high-
definition virtual chromoendoscopy (HDV) system that uses
a combination of bandwidth-
limiting filter and digital post-
processing technology. This technology uses red light emission
as well as emission at 415 nm and 540 nm to enhance the surface
of mucosa and the underlying blood vessels while maintaining a
bright overall appearance, thus making it potentially efficient in
detecting mucosal lesions in the colon.
The aim of this study was to evaluate the performance of
HDV when compared with HDWL in patients with longstanding
colonic IBD undergoing surveillance colonoscopy for neoplasia
and to evaluate the additional yield of neoplasia detection with
protocol-guided quadrantic but non-targeted colonic biopsies.
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to be neoplastic: adenoma, any grade of dysplasia, serrated or
adenocarcinoma. Hyperplastic, regenerative, inflammatory and
pseudopolyps were considered as non-neoplastic.

Statistical analysis

In previous studies using the older virtual chromoendoscopy technologies, the NDR using HDV has been reported to be between
12% and 39%.17–19 We have used an expected NDR in the HDV
arm of 24% and of 9% in the HDWL (control) arm. With a significance level (alpha) of 5% and power of 80%, the number needed
was 93 in each group, leading to a total of 186. However, we anticipated a 10% attrition rate after the colonoscopy has been started
(eg, poor bowel preparation, endoscopically confirmed moderate to
severe colitis). To adjust for this, we decided to recruit 204 patients.
The rate of neoplastic lesions detected with either endoscopic
technique was analysed using a statistics software programme
(SPSS V.24.0, IBM Armonk, New York, USA). The 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 endoscopically
suspicious lesions. On the other hand, in ‘per-lesion’ analysis, the
percentage of neoplastic lesion among all endoscopically suspicious
lesions was calculated. Fisher’s exact test and χ2 test, where deemed
appropriate, were applied for dichotomous variables. A Mann-
Whitney U test or Student’s t-test was used for continuous variables.
P values <0.05 were considered significant for the analysis.
1686

Results

We enrolled 204 patients in the study between August 2016 and
February 2018. Sixteen patients were excluded after randomisation due to poor bowel preparation, severe colitis, impassable
inflammatory stricture, unresolvable looping, impassable diverticular stricture and withdrawal of consent. (figure 1). A total
of 184 patients (92 in the HDWL and 92 in the HDV arms)
were included in the final analysis. The baseline characteristics
of patients in both arms did not differ (table 1). There were no
adverse events in this study.

Primary endpoint

A total of 27 neoplastic lesions were detected in 22 patients in
the HDWL arm (n=92) and 25 neoplastic lesions were detected
in 14 patients in the HDV arm (n=92). The NDR was slightly
higher in the HDWL arm (23.4%) when compared with the HDV
arm (14.9%) but the difference was not statistically significant
(p=0.14). (table 2) An example of a neoplastic lesion detected
using HDWL and HDV is shown in figure 2. The number of
patients in each arm with neoplastic lesions and the characteristics of the lesions detected are detailed in table 3.

Secondary endpoints

The mean neoplasia per-patient in the HDWL arm was 0.29 and
in the HDV arm was 0.26. This difference was not statistically
significant (p=0.75). The number of non-targeted quadrantic
biopsies taken in the HDWL and HDV arm was 3373 and 3378,
Kandiah K, et al. Gut 2021;70:1684–1690. doi:10.1136/gutjnl-2020-320980
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Figure 1 Study flowchart. CC, Crohn’s colitis; HDV, high-definition virtual chromoendoscopy; HDWLE, high-definition white light.
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Table 1

Baseline patient characteristics

Sex (M:F)

HDV
OR (95% CI)

53.7 (20 to 79)

54.3 (21 to 80)

Fisher’s exact p value
0.786

46:48

55:39

0.242

60 (64)

69 (73)

0.204

1 (1)

1 (1)

33 (35)

24 (26)

Type of colitis, n (%)
 UC
 Concurrent primary sclerosing cholangitis
 Crohn’s colitis

0.204

Distribution of colitis, n (%)
 Left sided

15 (16)

23 (24)

0.203

 Subtotal/total

79 (84)

71 (76)

0.203

 Duration of illness in years, median (IQR, p25–p75)

17.0 (13 to 27.5)

18.0 (13.3 to 25.8)

 Left sided

19.0 (15.5 to 22.5)

23.0 (17.5 to 26.0)

 Subtotal/total

17.0 (12.5 to 28.0)

16.0 (12.5 to 25.5)

0.635

Therapy, n (%)
2 (2)

1 (1)

 ASA

76 (81)

80 (85)

0.561

 Immunosuppressant

29 (31)

27 (29)

0.873

9 (10)

6 (6)

0.592

 Steroids

 Biologics

1

ASA, aminosalicylic acid; HDV, high-definition virtual chromoendoscopy; HDWLE, high-definition white light.

respectively. The mean number of biopsies taken per-
patient
was 35.9 in each arm. Only one neoplasia (low-grade dysplasia
within a segment of active colitis in the HDWL arm) was detected
on quadrantic non-targeted biopsies in this study, otherwise all
neoplasias were detected on targeted biopsy.
The number of sessile serrated lesions (SSL) detected was 13
in the HDWL arm and 4 in the HDV arm of the study. These
lesions were all located in the right colon; nine in the transverse
colon, seven in the ascending colon and one in the caecum. On
a per-patient analysis, SSLs were seen more frequently in the
HDWL arm (8/98 vs 4/98 patients).
There was no difference in the total withdrawal time in either
arm of the study; 24.0 (IQR 20.0–30.0) min in the HDWL arm and
25.5 (IQR 21.0–31.0) min in the HDV arm (p=0.216). The difference in the mean total withdrawal time in patients where targeted
lesions were biopsied or resected in either study arm was not statistically significant; 29.0 (IQR 22.8–31.3) min in the HDWL arm
and 31.6 (IQR 25.0–37.0) min in the HDV arm (p=0.11).

Discussion

In this multioperator multicentre randomised control trial,
we did not demonstrate a significant difference between HDV
and HDWL in the detection of neoplasia in patients with longstanding IBD. Furthermore, we did not find any difference in
the total number of neoplasia and the ratio of non-neoplastic
to neoplastic lesions detected in either arm of the study. To our
knowledge, this is the first multicentre randomised control trial

Table 2

Per-patient neoplasia detection rate
HDWL
(n=94)

HDV
(n=94)

Total number of targeted lesions detected

71

78

Number of neoplastic lesions detected

27

25

Number of patients with at least one neoplastic lesion

22

14

Neoplasia detection rate

23.4%

14.9%

Neoplasia detection rate: Fisher’s exact p value=0.14.
HDV, high-definition virtual chromoendoscopy; HDWLE, high-definition white light.
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assessing the utility of a novel i-scan OE mode 2 in the detection
of neoplasia during colitis surveillance.
The NDR in this study was similar to other studies investigating
the utility of NBI.15 20 However, unlike these studies, a larger
proportion of the neoplastic lesions detected in our study were
flat (Paris IIa/IIb): 81% versus 32%–58% in previously reported
literature. This is possibly due to the overall bright appearance
of the mucosa in both arms of this study that is not usually seen
easily with narrow band technologies due to the darkening effects
of these technologies. In addition, more intraepithelial neoplasias
were detected with HDV and HDWL detected more SSLs. SSLs
tend to have mucous caps, thereby obscuring the surface patterns
altogether. With HDV, faecal residue and mucous have the same
colour. The small numbers of these lesions make it difficult to
make meaningful statistical conclusions.
This study did not compare chromoendoscopy versus HDWL.
However, previous guidelines including Surveillance for Colorectal
Endoscopic Neoplasia Detection and Management in Inflammatory Bowel Disease Patients: International Consensus Recommendations (SCENIC) recommend the use of chromoendoscopy based
on the evidence from a single observational study that found that
the NDR with HDWL alone was 9% and when used with chromoendoscopy, the NDR was 21%.21 22 The findings in our RCT
show that HDWL on its own has an NDR of 23.4%. This detection rate is comparable to other established techniques in colitis
surveillance colonoscopy including high-definition chromoendoscopy.14 15 20 23 24 This will certainly add to the discussion in future
guidelines that HDWL on its own may be sufficient to carry out an
effective colitis surveillance colonoscopy.
International IBD surveillance guidelines recommend chromoendoscopy in IBD surveillance. However, adherence to
these guidelines has been poor.25 26 The basic minimum for IBD
surveillance colonoscopy has been and still is quadrantic non-
targeted colonic biopsies. In a recent survey among international
IBD physicians and endoscopists, up to 43% of respondents
stated that they perform non-targeted colonic biopsies in >75%
of cases when performing surveillance with chromoendoscopy.10 In our study, a total of 6751 non-targeted biopsies were
taken and only 1 was reported to contain neoplasia (low-grade
1687
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Age in years, median (IQR, p25–p75)

HDWL
OR (95% CI)
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dysplasia with active background disease). Our findings add to
the body of evidence on the futility of non-targeted biopsies in
detecting neoplasia.27 28 In the era of high-definition endoscopy
systems, it is time to abandon costly and ineffective quadrantic
non-targeted biopsies during IBD surveillance colonoscopy.
Increased withdrawal times have been shown to increase
adenoma detection rates in colonoscopies done on patients
with non-IBD.29 In our study, the withdrawal time was between
a median of 24.0 and 25.5 min in each study arm. This is likely
to be due to the 6751 non-targeted biopsies that were taken as
part of the study protocol. The design of our study allows us to
conclude that quadrantic non-targeted biopsies do not make any
significant additional contribution to NDR over and above the
targeted biopsies. However, we cannot completely exclude the
impact of long withdrawal time on NDR rate in our study. If
quadrantic non-targeted biopsies were to be abandoned, the withdrawal times could be shortened. A recent systematic review and
experts’ opinion recommends that the withdrawal time of 17 min
should be considered as one of the key performance indexes of
Table 3 The number of patients with lesions and the characteristics
of lesions detected

HDWL (n=94)

HDV (n=94)

Fisher’s exact
p value

71

78

0.21

Total number of neoplastic 27
lesions

25

0.49

Total number of lesions
identified

Paris classification of lesions
 IIa

18

19

0.55

 IIb

2

3

0.32

 IIa–c

1

0

0.33

 Is

6

3

0.33

Size of neoplastic lesions
in mm, median (range)

4.30 (2–15)

3.16 (1–20)

0.24

Number of lesions according to histology
 Sessile serrated lesions
(without dysplasia)

13

4

 Intraepithelial neoplasia (colitis areas)
 Low grade

13

22

  
High grade

0

0

  Adenocarcinoma

1

0

HDV, high-definition virtual chromoendoscopy; HDWLE, high-definition white light.
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colitis surveillance.30 Therefore, it may be beneficial for patients’
undergoing colitis surveillance to be allocated extra time to allow
for careful assessment of the colonic mucosa during withdrawal.
One of the strengths of this study is the randomised multicentre
design involving several endoscopists. While previous studies
were often carried out in tertiary referral centres, patients in this
study were recruited through a general IBD surveillance population. An additional strength of our study is that quadrantic non-
targeted biopsies were taken in both arms, thereby reducing the
risk of missing ‘invisible’ neoplastic lesions.
There were several limitations to this study. As it is a
parallel study, it was not possible to calculate the miss rate
of neoplasia. However, a cross-over trial will require a long
washout period and a second colonoscopy. A back-to-back
look’ bias. Both of these
trial would introduce a ‘double-
trial designs were found to be unacceptable to our patient
and public involvement group. The second limitation is that
although the participating endoscopists were experienced in
the use of advanced imaging technologies including i-scan
and in IBD surveillance, there was no validated classification for characterisation of neoplastic lesions in IBD colon
with i-scan at the time the study was conducted. Despite this,
however, the NDR was comparable to other similar studies.
The NDR in the HDV group was lower compared with other
studies. However, non-targeted biopsies in the HDV group
did not pick up any additional neoplasia. Our trial design
that includes targeted and non-targeted quadrantic biopsies
provide the confidence to state that the lower HDV detection
rate was not due to high miss rate of HDV.
Patients recruited in this study were not stratified based on their
type of IBD or by gender. Therefore, the imbalance of the number
of patients with UC and the male preponderance of patients in the
HDV arm of the study arose by chance. The study was focused on
the overall detection by the different imaging platforms, and therefore, we did not focus on gender or specific lesions identified. There
is no convincing evidence in the literature that such gender differences occur or that lesions are different in UC versus CC. An interesting finding was that the neoplasia per-patient detected was higher
with HDV (25 lesions in 14 patients) than it was with HDWL (27
lesions in 22 patients). This is a useful marker of efficacy but it has
not been adopted by other similar studies, thereby making it difficult
to compare and contrast the study findings. Additionally, our study
was not powered based on the neoplasia per-patient rate. A meaningful deduction, therefore, cannot be made based on this finding.
Kandiah K, et al. Gut 2021;70:1684–1690. doi:10.1136/gutjnl-2020-320980
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Figure 2 Example of a neoplastic lesion detected with HDWL and HDV. In picture (A), the lesion is seen using HDWL and in picture (B), the same
lesion is seen using HDV. The histology of this lesion was tubular adenoma with low grade dysplasia. HDV, high-definition virtual chromoendoscopy;
HDWLE, high-definition white light.
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In conclusion, in this multicentre RCT, we could not demonstrate a
significant difference in NDR between HDV (i-scan OE mode 2) and
HDWL. However, IBD surveillance using a high-definition endoscopy system achieved high NDR. This technology on its own may
be sufficient to detect neoplasia in patients with longstanding IBD.
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2. SYNOPSIS
Study Title

A Comparison Of High Definition White Light Chromoendoscopy
and High Definition Virtual Chromoendoscopy for the Detection of
Intraepithelial Neoplasia in Longstanding Colitis: A Randomised
Controlled Superiority Trial

Study acronym

VIRTUOSO: Virtual Chromoendoscopy in Colitis Surveillance

Internal reference
number

PHT/2016/02

Problem statement

The risk for large bowel (colon) cancer in patients with longstanding
ulcerative colitis exceeding the rectum is increased and therefore
patients should be enrolled in a surveillance program eight years after
the diagnosis. Up to date, official international guidelines for endoscopic
screening in patients with ulcerative and Crohn’s colitis advise to take 4
biopsies every 10 centimeters (with a minimum of 32) and of each
suspected visible lesion. These guidelines are merely based on
consensus during expert opinion meetings rather than evidence based.
Recent studies have shown that chromoendoscopy guided biopsies
reduced the number of biopsies for each procedure and detected more
neoplastic lesions. However pan-colonic dye spraying is timeconsuming, and tedious. The uptake of this technique in the UK has not
been uniform. Therefore virtual chromoendoscopy has been studied as
alternative method to improve intra-epithelial neoplasia (IN) detection in
longstanding colitis.
Virtual chromoendoscopy systems enhance surface patterns and
mucosal vasculature thereby theoretically increasing the detection of IN
compared to high definition white light endoscopy alone. Optical
Enhancement or OE Scan by Pentax uses optical light filters to select
particular narrow spectrums of red, green and blue light with a relative
decrease in the proportion of red light. It provides the ability to enhance
the mucosal surface to better highlight mucosal changes.

Study design

There has been promising evidence that optical enhancement
technology, such as OE scan, is efficient at detecting intraepithelial
neoplasia in patients with long standing chronic inflammatory bowel
disease.
Is the use of high definition virtual chromoendoscopy (HDV), using
Pentax OE scan, superior in the detection of intraepithelial neoplasia
compared to the use of high definition white light (HDWL) endoscopy in
the surveillance for neoplastic lesions in patients with longstanding
colitis?
Parallel group, single blinded randomised controlled trial

Study participants

Patients with long standing colitis attending for their routine surveillance

Research
question/Hypothesis
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Planned sample size

colonoscopy
204

Follow-up duration
Planned study
period

N/A
Approximately 300 patients with long-term colitis undergo surveillance
colonoscopy per year in Queen Alexandra Hospital, Portsmouth. Of
these patients, we estimate 280 patients would be eligible to enter the
study. Assuming a consent rate of 70%, we anticipate recruitment of
196 patients per year. Therefore, the planned study period is 14
months.

Primary objective

To compare the rates of neoplasia detection using virtual
chromoendoscopy compared to high definition white light (HDWL)
endoscopy

Secondary
objectives

•

•

To assess the neoplasia detection rate in targeted biopsies versus
non-targeted (segmental) biopsies within each arm of the study
To compare the duration of time taken using each technique:
i) Total endoscopic procedure time, ii) withdrawal time
To compare the difference in nurse recorded comfort scores

Primary endpoint

•

The number of dysplastic areas detected during endoscopy

Secondary
endpoints

•
•
•

Total endoscopic procedure time
Withdrawal time
Nurse reported comfort score recorded at the end of procedure

Interventions

Control group: Surveillance colonoscopy with HDWL where targeted
and mapping biopsies are taken

•

Intervention group: Surveillance colonoscopy with HDV where
targeted and mapping biopsies are taken

7

Kandiah K, et al. Gut 2020;0:1–7. doi: 10.1136/gutjnl-2020-320980

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

Gut

Version number: 2.0
Date: 25th of March 2016

3. LAY SUMMARY
The large bowel or colon is the last part of the digestive system where water and
salt are extracted from solid waste before they are eliminated from the body.
Colitis is an inflammation (redness and soreness) of the inner lining of the large
bowel and it is often caused by conditions known as ulcerative colitis and Crohn’s
disease. In these conditions, the body attacks the bowel, and causes a lot of
inflammation. We do not know exactly why this happens at the moment.
However, there is evidence that patients who have had colitis affecting most of
the large bowel for more than 8 years are at increased risk of abnormalities which
may lead to cancer of the large bowel . To be able to pick up any areas of
abnormalities that could lead to cancers, it is recommended that such patients
have a colonoscopy (using a colonoscope which is a thin flexible tube that is
used to look inside the bowel) at regular intervals. These regular colonoscopies
are known as surveillance colonoscopies. If these abnormal areas are picked up
early, they can be treated earlier with better outcomes for patients.

During a surveillance colonoscopy, doctors take around 4 tiny tissue samples of
large bowel tissue (biopsies) for every 10 centimeters of bowel, and also take a
sample of any areas that look abnormal. This is quite a lot of tissue samples to
analyse for the laboratory, and because they are taken randomly there is no
guarantee that they will detect abnormalities or cancer. However, studies carried
out a decade ago have shown that spraying dye such as indigo carmine (a type
of food dye) onto the lining of colon helps highlight abnormal areas that could
indicate cells that could turn into cancer so that the endoscopist can remove
them. This is a technique known as ‘chromoendoscopy-guided biopsy’ and it has
been shown to reduce the number of biopsies needed for each procedure and is
able to detect more pre-cancerous tissue.

However, there are weaknesses to the dye spray technique. Studies of the dye
spray technique were carried out using older endoscope technologies where the
image quality is poor. In addition, using the dye spray takes a long time, which
means the time taken for the whole colonoscopy is longer. Finally, there are not
yet any set standards for what is considered a good dye spray colonoscopy. In
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view of all of this, dye spray colonoscopy is not yet used by every hospital in the
UK.

Newer colonoscopes that are available at the moment can give a clearer picture
of the bowel. This technology is known as high definition white light. A fair
analogy is to compare the images seen with old television sets with new
television sets that have high definition. The new generation of high definition
colonoscopes without dye spray have been shown to be able to detect abnormal
areas in the large bowel as well as using a standard colonoscope (colonoscopes
with the older technology) with dye spray.

We would like to test a new technology, known as ‘virtual chromoendoscopy’, that
is built into the colonoscope. This new technology uses different types of lights to
highlight areas on the surface of the bowel that have changed from a normal
appearance. Previous studies have shown that this technology is good at finding
abnormal areas in the large bowel. However, there are no studies comparing this
new technology of virtual chromoendoscopy with high definition white light
colonoscopy.

In this study, 204 patients who have been referred to have a routine surveillance
colonoscopy to assess their large bowel will be randomly assigned to have their
colonoscopy done using either a high definition colonoscope without any dye or a
high definition colonoscope with virtual chromoendoscopy. All patients will also
have 4 tiny tissue samples of large bowel tissue (biopsies) for every 10
centimeters of bowel.

If virtual chromoendoscopy can be shown to make it easier to see abnormal
areas on the bowel surface, then it could be a very good alternative to using the
dye spray. This should reduce the time taken to carry out the colonoscopy whilst
picking up more abnormal areas that might have otherwise been missed.
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4. ABBREVIATIONS AND DEFINITIONS
Abbreviations
BLI

----------

Blue Laser Imaging

CD

----------

Crohn’s Disease

CRC

-----------

Colorectal Cancer

FICE

----------

Fujinon Intelligent Colour Enhancement

GCP

----------

Good Clinical Practice

HD

----------

High Definition

HDC

---------

High Definition Chromoendoscopy

HDV

----------

High Definition Virtual chromoendoscopy

HDWL

---------

High Definition White Light

IBD

---------

Inflammatory Bowel Disease

IC

----------

Indigo Carmine

IN

-----------

Intra-epithelial neoplasia

NBI

----------

Narrow Band Imaging

OE

----------

Pentax Optical Enhancement

PHT

----------

Portsmouth Hospitals NHS Trust

PPI

----------

Patient and Public Involvement

PSC

----------

Primary Sclerosing Cholangitis

SD

----------

Standard Definition

TSP

----------

Trial Specific Procedures

UC

----------

Ulcerative Colitis

Definitions
•

Neoplasia – dysplasia, polyps, cancer

•

Dysplasia – an abnormality in the development of cells
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•

Polyp – a benign fleshy growth on the inner lining of the
gastrointestinal tract. If not removed can potentially develop into
cancer

•

Adenoma – A type of polyp composed of glandular tissue. Most
bowel cancers develop from adenomas.

•

Hyperplastic polyp – a type of polyp with no malignant potential

5. BACKGROUND AND RATIONALE
5.1. Risk of Intraepithelial Neoplasia and Colorectal Cancer in patients with
Colitis
Ulcerative Colitis and Crohn’s colitis are both forms of inflammatory bowel
disease causing chronic inflammation of the large bowel. It has long been
recognised that both forms of colitis lead to a significantly increased risk of
developing colorectal cancer (CRC) when compared to patients without colitis
with a relative risk of approximately 2.7.1,2,3 Rates of CRC between 7.6-18% have
been reported in patients with ulcerative colitis of 30 years duration. CRC
remains a major cause of mortality in this group, accounting for 1 in 3 to 1 in 6
deaths in patients with colitis. 4 , 5 Patients with concomitant UC and Primary
Sclerosing Cholangitis (PSC) have a four fold increase of CRC compared to
patients with UC alone.6

Because of this increased risk of CRC, patients with colitis are offered
surveillance colonoscopy that aims to detect early cancers or preferably precancerous areas of intraepithelial neoplasia (IN – previously referred to as
dysplasia). Colonoscopic surveillance is recommended after 8 years disease
duration in patients with colitis affecting the whole colon (large bowel) and after
15 years disease duration in those with colitis affecting the left side of the colon.
Frequency of surveillance is now determined by severity of colonic inflammation
plus other risk factors for CRC eg Family history of CRC, Primary Sclerosing
Cholangitis, Strictures) and is performed at intervals of 1,3 or 5 years.7
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5.2. Detection of Neoplasia
Areas of IN within the colonic luminal surface in IBD are notoriously difficult to
identify on standard white light endoscopy as it is often present in flat lesions and
can be multifocal. Hence the traditional method of colonoscopic surveillance
involves taking 4 quadrantic non-targeted biopsies every 10cm throughout the
length of the colon. This policy aims to pick up any ‘invisible’ areas of IN.
However this method has been shown to be time-consuming and costly with a
very low yield for detecting IN - in the combined results of 8 studies an average of
1 biopsy detecting IN for every 1266 biopsies taken.8

Due to the lack of satisfaction amongst endoscopists with the policy of random
quadrantic biopsies, various methods have been studied with the aim of
increasing the visibility of IN within the colitic colon and therefore allowing
targeted biopsies of visible abnormalities, rather then random ‘non-targeted’
biopsies. These methods can be divided into two main categories:

1) Chromoendoscopy (dye-spraying) involves the spraying of coloured
contrast dyes onto the colonic mucosal surface, which highlight abnormal
areas such as IN.
2) Virtual chromoendoscopy incorporates a number of techniques involving
manipulation of the emitted or detected spectrum of light to enhance features
of the colonic mucosal surface and thus highlight areas of IN.

5.3. Chromoendoscopy for detection of IN
Kiesslich et al examined IN detection in patients with colitis using the contrast dye
methylene

blue

compared

to

standard

white

light

endoscopy.

9

They

demonstrated a 3-fold increase in the identification of areas of IN when using
methylene blue chromoendoscopy compared to standard white light endoscopy.
Rutter

et

al

compared

chromoendoscopy

using

another

contrast

dye,

indigocarmine, to standard white light endoscopy with quadrantic biopsies in
patients with longstanding colitis.10 No areas of IN were detected in 2904 random
biopsies. There was a strong trend towards increased IN detection with IC
chromoendoscopy compared to standard white light endoscopy (7% vs 2%,
P=0.06). Hurlstone et al also compared IC chromoendoscopy to standard white
12
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light endoscopy in patients with longstanding colitis.11 A 2.5-fold increase in the
number of areas of IN was demonstrated using IC chromoendoscopy compared
to

standard

WL

colonoscopy

(P

<0.0001). IN

was

found

in

8%

of

chromoendoscopy guided targeted biopsies compared to 0.16% of non-targeted
biopsies in this study. Marion et al showed that methylene blue guided targeted
biopsies found IN in 16 of 34 patients compared to 3 of 34 patients with nontargeted biopsies (P=0.001).12 These results have led to pan-colonic dye spray
chromoendoscopy being the preferred method of IN surveillance recommended
in national guidelines.

However, pan-colonic dye spraying is time-consuming (it can take approximately
5 to 10 minutes longer to a standard 20 minute procedure), tedious for the
endoscopy team and not uniformly adapted by endoscopists in the UK.
Additionally, there are no agreed and validated standards on what is considered
good quality chromoendoscopy. In view of this, many centres throughout the UK
continue to take segmental biopsies only.13 Therefore virtual chromoendoscopy
has been studied as alternative method to improve IN detection in longstanding
colitis.

5.4. High definition white light (HDWL) for detection of IN
The

majority

of

the

studies

looking

at

the

IN

detection

rate

with

chromoendoscopy were done using standard definition (SD) endoscope systems
in a research setting. Endoscope systems have since evolved and in the last
decade, endoscopy units throughout the country have been switching over to
high definition systems. HDWL has been shown to improve the detection of
dysplastic lesions when compared to SD endoscopes in the detection of polyps
in patients without colitis. In a meta-analysis comparing SD and HDWL
colonoscopes, HDWL has been shown to detect more colorectal polyps and
adenomas. 14 The additional benefit of chromoendoscopy when used with HDWL
in the detection of colonic polyps and adenomas found only a marginal (nonsignificant) increase in adenoma detection. 15 HDWL has shown promise in
improving the detection of dysplastic lesions in patients with colitis. A
retrospective cohort study found that surveillance colonoscopy using HDWL
detected more dysplastic lesions when compared to standard definition white
13
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light. In this study, no chromoendoscopy was used.16 When chromoendoscopy is
used in clinical practice, it does not increase dysplasia detection when compared
to HDWL and random biopsies. 17

5.5. Virtual chromoendoscopy for detection of IN
The principle of virtual chromoendoscopy is to filter white light images to enhance
superficial structural and vascular changes in the mucosa. Three different
commercially available systems are Narrow Band imaging (NBI, Olympus, Tokyo,
Japan), Blue Laser Imaging or Fujinon Intelligent Chromo-Endoscopy (FICE,
Fujifilm, Tokyo, Japan), and OE-Scan or i-Scan (Pentax, Tokyo, Japan).
NBI, BLI and OE are technologies that have been developed as an alternative to
traditional dye-based chromoendoscopy. These technologies use optical light
filters to select particular narrow spectrums of red, green and blue light with a
relative decrease in the proportion of red light. This technique enhances surface
patterns and mucosal vasculature and has been shown to be effective in the
assessment of colonic polyps and neoplasia.18,19,20,21 However, studies of NBI in
the setting of IN detection in patients with longstanding colitis have shown
conflicting results.22,23,24
The Fujinon Intelligent Chromo-Endoscopy (FICE) and Pentax i-Scan systems
enhance the mucosal surface structures by using an image-processing algorithm.
Unlike the light filtration technologies, these systems are software driven rather
than using optical filters.

6. HYPOTHESIS
The use of high definition virtual chromoendoscopy (HDV) is superior in the
detection of intraepithelial neoplasia compared to the use of high definition white
light endoscopy (HDWL) in the surveillance for neoplastic lesions in patients with
longstanding colitis.
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7. PRELIMINARY STUDIES AND EXPERIENCE OF INVESTIGATORS
Experience of Investigators
Professor Pradeep Bhandari – Professor of gastroenterology at Portsmouth
University and Consultant Gastroenterologist at Queen Alexandra Hospital,
Portsmouth. He is a leading and widely published UK expert in the field of in vivo
diagnosis and the endoscopic treatment of early gastrointestinal neoplasia and
advanced imaging of the gastrointestinal tract.
Dr Kesavan Kandiah – Research Fellow in gastrointestinal endoscopy, Queen
Alexandra Hospital, Portsmouth. Research registrar with experience of
participation in previous and on-going endoscopy-based trials. Current GCP
certification. Experience in interaction with patients and gaining informed consent.
Ms Carole Fogg – Trials methodologist, University of Portsmouth. Expertise in
design and delivery of clinical trials.
Mr Bernie Higgins – Statistician, University of Portsmouth. Expertise in analysis
of trial data and methodology. Experience of previous clinical trials in
gastroenterology.
Ms Lisa Gadeke – Research nurse, Portsmouth Hospitals NHS Trust. Expertise
in the identification and recruitment of research participants to clinical trials, and
maintaining Good Clinical Practice (GCP) standards in trial delivery.
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8. AIMS AND OBJECTIVES

8.1. Aims
•

To investigate if HDV is superior to HDWL in the detection of
intraepithelial neoplasia in patients with longstanding colitis

8.2. Objectives

Primary objective:
•

To compare the rates of neoplasia detection using virtual
chromoendoscopy compared to high definition white light (HDWL)
endoscopy

Secondary objectives:
•

To assess the neoplasia detection rate in targeted biopsies versus nontargeted (segmental) biopsies within each arm of the study

•

To compare the duration of time taken using each technique:
o

Total endoscopic procedure time – defined as the duration of time
between the insertion of the colonoscope into the patient and
complete withdrawal of the same colonoscope out of the patient.

o

Total withdrawal time – defined as the duration of time between
the start of the withdrawal of the colonoscope once the caecum is
reached and the complete withdrawal of the same colonoscope
out of the patient

•

To compare the difference in nurse recorded comfort scores

9. STUDY DESIGN

9.1. Summary of study design
This will be a randomised controlled superiority trial in which patients with
longstanding ulcerative colitis or Crohn’s colitis will be randomised to have a
surveillance colonoscopy with either high definition white light endoscopy or
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virtual chromoendoscopy. All the endoscopies performed will be with high
definition systems by endoscopists trained in carrying out pan-colonic
chromoendoscopy. The endoscopies will be carried out using a Pentax processor
and Pentax high definition colonoscopes. The endoscopes used are not different
in terms of design or size compared to standard colonoscopes and are all
commercially available. All endoscopes and the processor are CE approved. The
virtual chromoendoscopy is likely to have no influence on patient comfort or
introduce any novel side effects as the function is switched on at a push of a
button on the endoscope.

9.2. Surveillance colonoscopy

The endoscopic procedure is not much different from a standard colonoscopic
procedure that patients would be advised to undergo according to current British
Society of Gastroenterology guidelines. Bowel preparation will be administered
according to the usual departmental colonoscopy protocol.

Currently, the policy on surveillance colonoscopy in patients with long standing
colitis in our unit is to use either high definition or standard definition
colonoscopes. All patients have non-targeted segmental biopsies taken every
10cms (also known as mapping biopsies). Depending on the endoscopist,
patients may have indigo carmine dye spray and targeted biopsies.

In this study, all colonoscopies will be undertaken using the Pentax processor
and colonoscopes, which have the capability of carrying out high definition
colonoscopies and the ability of switching on the function of virtual
chromoendoscopy at a push of a button. In other words, the Pentax system can
be used to carry out colonoscopies for patients in either arm of the study.

10. ENDPOINTS
10.1.

Primary Endpoint
The number of dysplastic areas detected during endoscopy
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10.2.
•
•
•

Secondary Endpoints

Total endoscopic procedure time
Withdrawal time
Nurse reported comfort score recorded at the end of procedure

11. STUDY PARTICIPANTS
11.1.

Study setting

The study will be carried out in a single centre (Queen Alexandra Hospital,
Portsmouth Hospitals NHS Trust) and the colonoscopies will be carried out by
endoscopists trained in colitis surveillance.

11.2.

Overall description of study participants

All patients with colitis referred for colonoscopic surveillance for IN who meet the
eligibility criteria will be invited to participate.

11.3.

Eligibility criteria
Inclusion criteria

Eligible participants must meet all inclusion criteria:
•

Ulcerative Colitis or Crohn’s colitis with a disease duration of >8
years for pancolitis or >15 years duration for left-sided colitis

•

Aged 18 years and above

•

Patients able to give informed consent

Exclusion criteria
Eligible participants must not meet any exclusion criteria:
•

Persistent coagulopathy or platelet count <50x1012 which may
preclude mucosal biopsy
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•

Known colonic IN or CRC

•

Fulminant colitis

•

Patients who have been previously randomised and withdrawn on
2 occasions due to poor bowel preparation

•

Patients who are pregnant

12. SAMPLING
We hypothesise that HDV is a superior endoscopic technique to detect
dysplasia as compared to HDWL. A study carried out by Mohammed et al
found that the neoplasia detection rate with HDWL is 9.4% and 22% with HD
chromoendoscopy.

25

In

previous

studies

using

the

older

virtual

chromoendoscopy technology, the neoplasia detection rate using HDV is
between 12-39%.22,24,26,27 This range is quite wide and the neoplasia detection
rate is expected to be at the higher end of the range with the current
technology. Therefore, we have used an expected neoplasia detection rate in
the HDV arm of 24% and of 9% in the HDWL (control) arm.

With a significance level (alpha) of 5% and power of 80%, the number needed
is 93 for the HDWL group and 93 for the HDV group, leading to a total of 186.
However, we anticipate 10% of recruited patients will require withdrawal (e.g.
poor bowel preparation, endoscopically confirmed moderate to severe colitis
and new diagnosis of cancer) only after the colonoscopy has been started. To
compensate for this, we would need to recruit 10% more patients in the HDWL
and HDV groups. Therefore, the final number of patients that would need to be
recruited are as follows:

HDWL: 102 patients
HDV:

102 patients

Total number of patients to be recruited = 204

Approximately 300 patients with long-term colitis undergo surveillance
colonoscopy per year in Queen Alexandra Hospital, Portsmouth. Of these
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patients, we estimate 280 patients would be eligible to enter the study.
Assuming a consent rate of 70%, we anticipate recruiting 196 patients per year.
Therefore, the planned study period is 14 months.

13. STUDY PROCEDURES

13.1.

Recruitment

Patients with ulcerative colitis and Crohn’s colitis under regular follow up in the
gastroenterology clinic at PHT referred for IN surveillance colonoscopy will be
invited to participate in the study.

13.2.

Screening and enrolment

Patients who meet the eligibility criteria can be provided with information about
the study through a patient information sheet (PIS) when they are seen in the
outpatients’ clinic. A PIS will also be sent with their appointment for colonoscopy
pre-assessment. A colonoscopy pre-assessment is carried out in all patients
approximately 1-2 weeks prior to their colonoscopy. During this visit patients can
discuss the study further with an endoscopy research fellow or research nurse,
who will be able to answer any questions or concerns.
If a patient is willing to participate in the study then consent will be taken on the
day of the procedure once inclusion and exclusion criteria have been checked
and any further questions answered.

13.3.

Randomisation

Patients who have consented to participate will be randomised to a 1:1 ratio
among the 2 study arms (HDWL and HDV) by a computer-generated list using
random permuted blocks of randomly varying sizes. The generated list will be
submitted to ‘Sealed Envelope’, which will provide an online randomisation
service. Once the patient is determined eligible and written consent to enter the
trial is obtained, the successive patients will be given a sequential study number.
The patient’s trial number will be entered into the Sealed Envelope website which
will then assign the associated intervention from the random list. A randomisation
20
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log will be kept and monitored by the Research and Development Department of
the sponsor site.

13.4.

Study assessments

13.4.1. Baseline
All baseline information will be collected by the endoscopy research
team (consisting of research nurses and research fellows).
The following baseline information is recorded after written consent
to enter the trial is obtained:
•
•
•

•
•

Demographic data - Age, sex
Colitis history – Year of first diagnosis, extent of colitis, co-existent
primary sclerosing cholangitis
Current disease activity:
o Number of bowel movements per day (prior to starting
bowel preparation for the surveillance colonoscopy)
o Amount of rectal bleeding
Smoking history
Current medications – use of aminosalicylates, and
immunomodulators such as azathioprine and anti-TNF therapy

The following baseline information will be recorded after the colonoscopy
procedure (not recorded if patient is withdrawn due to poor bowel
preparation):
Haemoglobin
Platelet count
C-Reactive Protein
Erythrocyte Sedimentation Rate
Serum Albumin
Serum/Faecal Calprotectin (if available)

•
•
•
•
•
•

13.4.2. During colonoscopy
•
•
•

Endoscopist
Amount of sedation administered
Type and amount of pain relief used:
o Fentanyl
o Pethidine
o Entonox (dose amount not required)
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•
•
•
•
•
•
•
•
•

•

Whether HDWL or HDV was used
Number and location of neoplastic lesions detected
Paris classification of detected neoplastic lesions
Total number and location of targeted biopsies taken
The Baron’s UC endoscopic severity score or the Simplified
Endoscopic activity Score for Crohn’s Disease (SES-CD)28
Procedure time (from scope insertion into patient to final scope
withdrawal from patient)
Caecal intubation time (from scope insertion to time when caecum is
reached)
Withdrawal time (start of withdrawal from caecum to final scope
withdrawal from patient)
Patient comfort score recorded by nurse (not blinded) as described
below:
0. No discomfort
1. Minimal discomfort
2. Mild discomfort
3. Moderate discomfort
4. Severe discomfort
Adverse events during the procedure

13.4.3. Post-colonoscopy
Adverse events will be recorded at the time of discharge from the
recovery bay and the endoscopy suite. Participant follow-up ends at
the time of discharge from the recovery bay.

13.4.4. When histopathology results of the obtained biopsies area
available
•
•

Number of IN detected
Type of IN detected – e.g. Hyperplastic/sessile serrated
polyp/dysplasia/cancer
Microscopic examination of all biopsy samples and resected polyps
will be performed by expert consultant gastrointestinal pathologists,
who will be blinded to whether virtual chromoendoscopy was used or
not. Biopsy samples will be processed as per standard protocol.

13.5.

Discontinuation or withdrawal of participants from study treatment
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The following are criteria for withdrawal of the patient from the study:
•

Poor bowel preparation.
The assessment of bowel preparation is made once the caecum is
reached as follows:
i. Excellent (Entire mucosa of colon segment seen well with
no residual staining, small fragments of stool or opaque
liquid)
ii. Good (only liquid stool present removable with suction)
iii. Adequate (some semi-formed stool obscuring < 20% of the
mucosa after suction)
iv. Poor (>20 % of the mucosa obscured by solid stool after
suction)
It is normal clinical practice for patients with poor bowel preparation to be
offered to have a repeat colonoscopy. Such patients will be approached
to be re-recruited into the study.

•

Obstructing tumour
Large tumours that prevent the safe passage of the colonoscope past the
obstruction caused by the tumour.

•

Acute severe colitis

Patients will have the right to withdraw from the study at any time for any reason.
This will not compromise their care in any way. The reason for withdrawal will be
recorded. This will be reflected in the caecal intubation rate. These patients will
be included in the intention to treat analysis but not in the per protocol analysis.
It is understood by all concerned that an excessive rate of withdrawal can render
the study uninterpretable; therefore, unnecessary withdrawal of patients should
be avoided. Should a patient decide to withdraw from the study, all efforts will be
made to report the reason for withdrawal as thoroughly as possible.
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13.6.

Definition of end of study

The study will end when the required numbers of patients (102 in the control
group and 102 in the intervention group giving a total of 204 patients) have been
randomised and colonoscopy attempted. There is no study follow up once they
have been discharged from the recovery area following the colonoscopy.
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15. INTERVENTIONS

15.1.

Description of study interventions

Each patient will attend for a single visit during which a surveillance colonoscopy
procedure will be performed as described. Patients will be randomized between one
of the following techniques:
I.

HDWL
The patient will undergo a colonoscopy where a Pentax high definition
colonoscope is used. Once the caecum is reached, the colonoscope will be
withdrawn using high definition white light only. Any mucosal abnormalities
identified will be documented and biopsied or removed. In addition, mapping
biopsies will be taken routinely.

II.

HDV
The patient will undergo a colonoscopy where a Pentax high definition
colonoscope

is

used.

Once

the

caecum

is

reached,

the

virtual

chromoendoscopy, The Pentax OE Scan, setting will be switched on. Any
mucosal abnormalities identified will be documented and biopsied or
removed. In addition mapping biopsies will be routinely taken.

Each patient will have 2 sets of biopsies taken:
1) HDWL targeted biopsies OR HDV targeted biopsies
2) Non-targeted quadrantic biopsies

Blinding of the endoscopist will not be done, as the endoscopist will have to be aware
of whether or not virtual chromoendoscopy is switched on. All the endoscopists
would have done at least 400 colonoscopies and trained to carry out colitis
surveillance colonoscopies.
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15.2.

Adherence to study treatment
The

endoscopist’s

adherence

to

either

the

HDWL

or

HDV

colonoscopy (as per randomisation) will be monitored during the
procedure and the reasons for any deviation, if any, will be recorded
using a study deviation form.

15.3.

Trial stopping rules
The trial may be prematurely discontinued by the Sponsor, Chief
Investigator or Regulatory Authority on the basis of new safety
information or for other reasons given by the Sponsor (oversight
provided by the Research Quality Committee). If the study is
prematurely discontinued, active participants will be informed and no
further participant data will be collected. There is no expectation that
there will be significant safety concerns or early evidence of significant
efficacy difference of the two trial arms.

15.4.

Concomitant medication/therapy
No additional concomitant medications or therapies will be required or
recorded as part of this study.

16. ASSESSMENT OF SAFETY

16.1.
•

Definitions

Adverse Event (AE) - Any untoward medical occurrence in a patient taking
part in a clinical trial which does not necessarily have to have a causal
relationship with the device under investigation.

•

Serious Adverse Event (SAE) – Any untoward medical occurrence that:
§

Results in death

§

Is life threatening – life threatening in the definition of a serious
adverse event or serious adverse reaction refers to an event in which
the participant was at risk of death at the time of event. It does not
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refer to an event that hypothetically might have caused death if it were
more severe.
§

Requires hospitalisation or prolongation of existing hospitalisation

§

Results in persistent or significant disability or incapacity

§

Consists of a congenital anomaly or birth defect

§

Results in other important medical events

Other events that may not result in death, are not life threatening, or do not
require hospitalisation, may be considered a serious adverse event when, based
upon appropriate medical judgement, the event may jeopardise the participant
and may require medical or surgical intervention to prevent one of the outcomes
listed above.
To ensure no confusion or misunderstanding of the difference between the terms
‘serious’ and ‘severe’, which are not synonymous, the following note of
clarification is provided:
The term ‘severe’ is often used to describe the intensity (severity) of a specific
event (as in mild, moderate or severe myocardial infarction). The event itself
however, may be of relatively minor medical significance (such as severe
headache).
This is not the same as ‘serious’, which is based on patient/event outcome or
action criteria usually associated with events that pose a threat to a participant’s
life or functioning. Seriousness (not severity) serves as a guide for defining
regulatory reporting obligations.
16.2.

Safety reporting procedures

As part of the department policy, any serious adverse events are routinely
reported and the data collected. However, additional safety monitoring will be
undertaken during this study as outlined below.

16.3.

Recording and reporting procedures of all adverse events

As with any interventional medical procedure, there are certain expected risks
associated with colonoscopy. The risks of complications would be the same as
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any standard colitis surveillance colonoscopy. Patients are counselled in detail
about these risks before they provide informed consent.
•

Perforation – making a hole in the bowel wall as a result of trauma from
the colonoscope. Depending on the type of perforation, this can be
managed endoscopically during the procedure or may require surgery.

•

Bleeding – Small amounts of bleeding can happen during colonoscopy,
especially if polyps or dysplastic appearing lesions are removed. Any
significant amounts of bleeding may require specific endoscopic therapy
to stop the bleeding or very rarely, surgery.

•

Any of the above possible adverse events are likely to occur during the
procedure, or in the period immediately after the procedure, Therefore all
Adverse events that occur before discharge from the recovery area shall be
recorded in the CRF recording the following as a minimum data set:
o

A verbatim description of the event

o

The date of onset

o

Intensity (mild, moderate, severe)

o

Relatedness to the study intervention (unrelated, unlikely, possibly,
probably, definitely)

o

Serious adverse event (yes, no)

o

Action taken

o

Outcome of the event

o

The date of resolution (if resolved)

Any of the above possible adverse events are likely to occur during the
procedure, or in the period immediately after the procedure. We will be
monitoring for these during the actual procedure and in the recovery
room thereafter till their discharge from the unit. There will be no further
follow up as part of the study.
All Serious Adverse Events (SAEs) occurring during this time will be reported
immediately to the sponsor’s research office in line with PHT/RDSOP/007 – SOP for
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Investigators: Recording, Assessing and Reporting Adverse Events in Clinical
Research

http://www.porthosp.nhs.uk/Research-Department/policies.htm.

All

assessments shall be made in accordance with this SOP and all recorded adverse
event data shall be collated and included in the study analysis.

17. DATA HANDLING AND RECORD KEEPING
17.1.

Case report forms

The case report form, including baseline data and primary and secondary endpoints
will be filled out by the research assistant together with the endoscopist and then
collected by the trial coordinator. The pathology reports will also be entered on the
CRF when they become available on the computerised result reporting system.
17.2.

Data management

Study data including the primary and secondary outcome measures will be
collected on a case report form at the time of the colonoscopy. The data collection
forms will be stored in a secure location in the research office and data will
subsequently be entered onto a secure password protected access custom built
database.
The Investigator(s) will permit trial-related monitoring and audits by providing the
Sponsor(s) with direct access to all trial documents plus source data (e.g. patients’
medical records and study digital photographs).
The Chief Investigator will act as custodian for the trial data. The following will be
strictly adhered to:
•
•
•
•

Patient data will be anonymised
All anonymised data will be stored on a password protected computer in a
bespoke database
Data will be held on a protected area of the trust’s shared drive to ensure that
it is backed up on a regular basis.
All trial data will be stored in line with the Data Protection Act and archived in
line with Trust procedures.
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17.3.

Data protection

Following publication of the results the trial documentation will be stored for 10
years in a secure environment that complies with the Data Protection Act (1998).

17.4.

Data analysis

Baseline characteristics will be presented descriptively. The endpoints `will be
represented by their statistical means or medians where appropriate. To compare
detection rates, categorical variables will be compared using Chi-Square or
Fisher’s exact test:
• The difference in total number of neoplastic lesions detected by targeted
biopsies using HDWL and virtual chromoendoscopy
• The difference in the proportion of neoplastic lesions/ total number of lesions
between HDWL and virtual chromoendoscopy
In view of the large sample size, the dysplasia detection rate on per biopsy basis,
the patient comfort score and the time taken for each endoscopy procedure (i.e.
the continuous variables) will be compared using a two-sample t-test (Welch
version) or a Mann–Whitney sum of ranks test as appropriate. For advanced
analysis, Poisson regression may used for the detection rates and the Log-rank
test for the duration of the colonoscopy. Outcomes will be adjusted for withdrawal
time, family history of CRC, and previous history of a dysplastic lesion.

18. ETHICS AND REGULATORY APRROVAL
The trial will be conducted in compliance with the principles of the Declaration of
Helsinki (1996), the principles of GCP and in accordance with all applicable
regulatory requirements including but not limited to the Research Governance
Framework and the Medicines for Human Use (Clinical Trial) Regulations 2004,
as amended in 2006 and any subsequent amendments. This protocol and related
documents will be submitted for review to a regional Research Ethics Committee
(REC).
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19. PATIENT AND PUBLIC INVOLVEMENT
By patient and public involvement (PPI), we mean patient and members of the
public who are not part of the study as participants, but invited to share a
collaborative relationship with the researchers. Our Gastroenterology Research
Nurse identified patients and a member of the public to be contacted. Those
identified were previously involved in other studies run by our department. Initial
contact was made via telephone by the gastroenterology research nurse and
consent to discuss the study was obtained. Following this, the lead research
registrar contacted each PPI team member individually and discussed in detail the
research proposal.

19.1.

Study design

The proposal was originated from clinicians but supported by the PPI as the
study outcome has the potential to change current practice of colitis surveillance
to the benefit of patients.

The PPI group was involved in the study design and protocol preparation stage.
The group is happy with the current study design for several reasons. The first is
that all patients recruited will be receiving the minimum standard of care, which is
colonoscopy with segmental biopsies. They feel that the current design does help
address the question asked. They are pleased that patients do not have to go
through two colonoscopies (i.e. a cross-over trial design) and therefore avoiding
taking the bowel preparation twice. The group has reviewed the lay summary,
patient information sheet, letter of invitation and consent form.

19.2.

Screening and enrolment

During this visit patients can discuss the study further with an endoscopy
research fellow or research nurse, who will be able to answer any questions or
concerns. This approach in recruiting patients was discussed and approved to be
ideal by the PPI group.
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19.3.

Post-colonoscopy follow up

This was discussed with the PPI group who agrees that as patients will be
undergoing a standard colonoscopy without any additional interventions, there is
no requirement for further follow up outside that of normal clinical practice.

19.4.

Study dissemination

The PPI members are keen to assist in the dissemination of the results of this
study, and will work with the study team to write a summary of results, which can
be shared with the participants, the wider patient group and bowel cancer
charities.

20. RESEARCH MANAGEMENT
The trial will be carried out by the endoscopy research group, who will meet
together with sponsor representatives prior to the study start, after enrolment of
the first ten patients or 1 month of study process (whichever comes first), and at
regular intervals thereafter.

21. FINANCING AND INSURANCE
The trial coordinator (TC) is funded by Portsmouth Hospitals NHS Trust as part of
the Trust Research Fellowship scheme. The TC Is also part of the clinical care
team for these patients and is expected to conduct most of the direct research
activities supported by specialist nurses and an experienced departmental
research team.
Pentax Medical UK will support this study by supplying equipment valued at
£150,000. The equipment includes an EPK-i7010 processor and EC38 i10F
colonoscopes. Pentax will also contribute £20,000 towards research expenses.
The NHS indemnity scheme shall apply for the management, design and conduct
of the study. All the endoscopes and processors have a CE mark and are
covered by product liability insurance from the company, the evidence of which
can be provided upon request. There are no excess treatment costs associated
with the study.
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22. STUDY SPONSORHSIP
Portsmouth Hospitals NHS Trust shall act as sponsor
23. TIMETABLE
Month 1 and 2: ethical and R+D approvals, set-up of randomisation procedure,
finalisation and piloting of CRF, completion of trial specific procedures (TSPs)
Month 3: begin patient recruitment
Month 4: review current recruitment, CRF and TSPs
Month 16: complete recruitment
Month 17 and 18: final data checks, analysis, meeting with PPI group and
dissemination

24. RESOURCES, EQUIPMENT AND PHYSICAL FACILITIES
This study will be conducted for patients who require surveillance colonoscopy
and no added procedures are being undertaken. All colonoscopies will be
undertaken using a Pentax high definition processor and high definition
colonoscopes. The Endoscopy department is experienced in conducting clinical
research and has the physical facilities to host this activity to high standards of
GCP. The Trust pathology department shall provide pathology resources.

25. LAB METHODS
Pathology samples will be reported by accredited GI pathologists as per normal
clinical practice. These will be reviewed by the study coordinator to confirm
neoplasia detection rate and the number of neoplasia per patient.

26. DISSEMINATION AND OUTCOME
It is intended that the results of the study will be reported and disseminated at
international conferences such as the British Society of Gastroenterology annual
meeting, the United European Gastroenterology Week (UEGW) and the
Digestive Diseases Week (DDW) and in peer-reviewed scientific journals such as
Endoscopy, Gastrointestinal Endoscopy and Gut.
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Results will also be disseminated to the local primary care groups, the Oxford
and Wessex ‘Gut Club’ and also to patients via the endoscopy staff and patient
forum.

27. REFERENCES
1

Ekbom A, Helmick C, Zack M, Adami HO. Ulcerative colitis and colorectal cancer. A
population-based study. The New England journal of medicine. 1990; 323(18): 1228-33.
2
Ekbom A, Helmick C, Zack M, Adami HO. Increased risk of large-bowel cancer in Crohn's
disease with colonic involvement. Lancet. 1990; 336(8711): 357-9.
3
Dyson JK, Rutter MD. Colorectal cancer in inflammatory bowel disease: what is the real
magnitude of the risk? World journal of gastroenterology : WJG. 2012; 18(29): 3839-48.
4
Gyde S, Prior P, Dew MJ, Saunders V, Waterhouse JA, Allan RN. Mortality in ulcerative
colitis. Gastroenterology. 1982; 83(1 Pt 1): 36-43.
5
Eaden JA, Mayberry JF. Colorectal cancer complicating ulcerative colitis: a review. The
American journal of gastroenterology. 2000; 95(10): 2710-9.
6
Soetikno RM, Lin OS, Heidenreich PA, Young HS, Blackstone MO. Increased risk of
colorectal neoplasia in patients with primary sclerosing cholangitis and ulcerative colitis: a
meta-analysis. Gastrointest Endosc. 2002 Jul;56(1):48-54
7
Cairns SR, Scholefield JH, Steele RJ, Dunlop MG, Thomas HJ, Evans GD, et al. Guidelines
for colorectal cancer screening and surveillance in moderate and high risk groups (update
from 2002). Gut. 2010; 59(5): 666-89.
8
Rutter MD. Surveillance programmes for neoplasia in colitis. Journal of gastroenterology.
2011; 46 Suppl 1: 1-5.
9
Kiesslich R, Fritsch J, Holtmann M, Koehler HH, Stolte M, Kanzler S, et al. Methylene blueaided chromoendoscopy for the detection of intraepithelial neoplasia and colon cancer in
ulcerative colitis. Gastroenterology. 2003; 124(4): 880-8.
10
Rutter MD, Saunders BP, Schofield G, Forbes A, Price AB, Talbot IC. Pancolonic indigo
carmine dye spraying for the detection of dysplasia in ulcerative colitis. Gut. 2004; 53(2):
256-60.
11
Hurlstone DP, Sanders DS, Lobo AJ, McAlindon ME, Cross SS. Indigo carmine-assisted
high-magnification chromoscopic colonoscopy for the detection and characterisation of
intraepithelial neoplasia in ulcerative colitis: a prospective evaluation. Endoscopy. 2005;
37(12): 1186-92.
12
Marion JF, Waye JD, Present DH, Israel Y, Bodian C, Harpaz N, et al. Chromoendoscopytargeted biopsies are superior to standard colonoscopic surveillance for detecting
dysplasia in inflammatory bowel disease patients: a prospective endoscopic trial. The
American journal of gastroenterology. 2008; 103(9): 2342-9.
13
Subramanian V, Mannath J, Ragunath K, et al. Meta-analysis: the diagnostic yield of
chromoendoscopy for detecting dysplasia in patients with colonic inflammatory bowel
disease. Aliment Pharmacol Ther. 2011;33: 304–312.
14
Subramanian V, Mannath J, Hawkey CJ, et al. High definition colonoscopy vs. standard
video endoscopy for the detection of colonic polyps: a meta-analysis. Endoscopy.
2011;43:499–505.
15
Kahi CJ, Anderson JC, Waxman I, et al. High-definition chromocolonoscopy vs. highdefinition white light colonoscopy for average-risk colorectal cancer screening. Am J
Gastroenterol. 2010;105:1301–1307.
16
Subramanian V, Ramappa V, Telakis E, et al. Comparison of high definition with standard
white light endoscopy for detection of dysplastic lesions during surveillance colonoscopy in

35

Kandiah K, et al. Gut 2020;0:1–7. doi: 10.1136/gutjnl-2020-320980

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

Gut

Version number: 2.0
Date: 25th of March 2016

patients with colonic inflammatory bowel disease. Inflamm Bowel Dis. 2013 Feb;19(2):3505.
17
Mooiweer E, van der Meulen-de Jong AE, Ponsioen CY, et al Chromoendoscopy 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 J Gastroenterol. 2015 Jul;110(7):1014-21.
18
Katagiri A, Fu KI, Sano Y, et al. Narrow band imaging with magnifying colonoscopy as
diagnostic tool for predicting histology of early colorectal neoplasia. Alimentary
pharmacology & therapeutics. 2008; 27(12): 1269-74.
19
Wada Y, Kudo SE, Kashida H, et al. Diagnosis of colorectal lesions with the magnifying
narrow-band imaging system. Gastrointest Endosc. 2009; 70(3): 522-31.
20
East JE, Suzuki N, Bassett P, et al. Narrow band imaging with magnification for the
characterization of small and diminutive colonic polyps: pit pattern and vascular pattern
intensity. Endoscopy. 2008; 40(10): 811-7.
21
Sano Y, Ikematsu H, Fu KI, et al. Meshed capillary vessels by use of narrow-band imaging
for differential diagnosis of small colorectal polyps. Gastrointest Endosc. 2009; 69(2): 27883.
22
Dekker E, van den Broek FJ, Reitsma JB, et al.. Narrow-band imaging compared with
conventional colonoscopy for the detection of dysplasia in patients with longstanding
ulcerative colitis. Endoscopy. 2007; 39(3): 216-21.
23
van den Broek FJ, Fockens P, van Eeden S, et al. Narrow-band imaging versus highdefinition endoscopy for the diagnosis of neoplasia in ulcerative colitis. Endoscopy. 2011;
43(2): 108-15.
24
Pellise M, Lopez-Ceron M, Rodriguez de Miguel C, et al. Narrow-band imaging as an
alternative to chromoendoscopy for the detection of dysplasia in long-standing
inflammatory bowel disease: a prospective, randomized, crossover study. Gastrointest
Endosc. 2011; 74(4): 840-8.
25
Mohammed N, Kant P, Abid F, et al. High Definition white light endoscopy (HDWLE) versus
high definition with chromoendoscopy (HDCE) in the detection of dysplasia in long
standing ulcerative colitis: A Randomized Controlled Trial. Gut 2015;64:A14A15 doi:10.1136/gutjnl-2015-309861.28
26
Pohl J, Lotterer E, Balzer C, et al. Computed virtual chromoendoscopy versus standard
colonoscopy with targeted indigocarmine chromoscopy: a randomised multicentre trial.
Gut. 2009 Jan;58(1):73-8. doi: 10.1136/gut.2008.153601. Epub 2008 Oct 6. PubMed
PMID: 18838485.
27
Leifeld L, Rogler G, Stallmach A, et al. Detect Dysplasia Study Group. White-Light or
Narrow-Band Imaging Colonoscopy in Surveillance of Ulcerative Colitis: A Prospective
Multicenter Study. Clin Gastroenterol Hepatol. 2015 Oct;13(10):1776-1781.e1. doi:
10.1016/j.cgh.2015.04.172. Epub 2015 May 5. PubMed PMID: 25952309.
28
Daperno M, D'Haens G, Van Assche G, et al. Development and validation of a new,
simplified endoscopic activity score for Crohn's disease: the SES-CD. Gastrointest
Endosc. 2004 Oct;60(4):505-12. PubMed PMID: 15472670.

36

Kandiah K, et al. Gut 2020;0:1–7. doi: 10.1136/gutjnl-2020-320980

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

Gut

Version number: 2.0
Date: 25th of March 2016

Signatures
.

______________________________________
_________________________
Chief Investigator

Date

Print name

______________________________________
_________________________
Statistician (if applicable)

Date

Print name

37

Kandiah K, et al. Gut 2020;0:1–7. doi: 10.1136/gutjnl-2020-320980

