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colonic lesions: a prospective randomized tandem colonoscopy
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Background and Aims: Blue-light imaging (BLI) is a new image-enhanced endoscopy with a wavelength filter
similar to narrow-band imaging (NBI). We compared the 2 with white-light imaging (WLI) on proximal colonic
lesion detection and miss rates.

Methods: In this 3-arm prospective randomized study with tandem examination of the proximal colon, we
enrolled patients aged >40 years. Eligible patients were randomized in 1:1:1 ratio to receive BLI, NBI, or WLI dur-
ing the first withdrawal from the proximal colon. The second withdrawal was performed using WLI in all patients.
Primary outcomes were proximal polyp (pPDRs) and adenoma (pADRs) detection rates. Secondary outcomes
were miss rates of proximal lesions found on tandem examination.

Results: Of 901 patients included (mean age, 64.7 years; 52.9% men), 48.1% underwent colonoscopy for
screening or surveillance. The corresponding pPDRs of the BLI, NBI, and WLI groups were 45.8%, 41.6, and
36.6%, whereas the corresponding pADRs were 36.6%, 33.8%, and 28.3%. There was a significant difference in
pPDR and pADR between BLI and WLI groups (difference, 9.2% [95% confidence interval {CI}, 3.3-16.9] and
8.3% [95% CI, 2.7-15.9]) and between NBI and WLI groups (difference, 5.0% [95% CI, 1.4-12.9] and 5.6% [95%
CI, 2.1-13.3]). Proximal adenoma miss rates were significantly lower with BLI (19.4%) than with WLI (27.4%; dif-
ference, —8.0%; 95% CI, —15.8 to —.1) but not between NBI (27.2%) and WLL

Conclusions: Both BLI and NBI were superior to WLI on detecting proximal colonic lesions, but only BLI had
lower proximal adenoma miss rates than WLI. (Clinical trial registration number: NCT03696992.) (Gastrointest En-
dosc 2023;98:813-21.)

Colonoscopy is considered the most sensitive diagnostic
tool for detection of colorectal polyps oradenomas. However,
missed lesions are not uncommon during colonoscopy, and
tandem colonoscopy studies showed that the miss rates for
adenomas and serrated polyps were 26% and 27%, respec-
tively."* Missed lesions during colonoscopy are a main reason

Abbreviations: APC, adenoma per colonoscopy; BBPS, Boston Bowel
Preparation Scale; BLI, blue-light imaging; IEE, image-enhanced endos-
copy; LED, light-emitting diode; NBI, narrow-band imaging; pADR, prox-
imal adenoma detection rate; PPC, polyp per colonoscopy; pPDR,
proximal polyp detection rate; SSL, sessile serrated lesion; WLI, white-
light imaging.
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for postcolonoscopy colorectal cancer development.”* The
reasons for missed lesions could be multiple and related
to patient, endoscopist, and technologic factors. Various
patient factors such as quality of bowel preparation, patient
sex, and underlying risk for colorectal cancer have been
suggested.”” Endoscopist factors including colonoscopy
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experiences, scope withdrawal time, and baseline adenoma
detection rate are also key factors underlying the optimal
performance of colonoscopy.” Various technologic ad-
vances of the endoscopic system have been developed to
maximize adenoma detection, particularly with the use of
image-enhanced endoscopy (IEE), which enhances the visi-
bility of abnormal mucosal lesions.

Narrow-band imaging (NBI), by using 415- and 540-nm
narrow-band illumination, is one of the most widely adop-
ted IEEs. Apart from acting as a virtual chromoendoscopy
on lesion characterization, the latest meta-analysis of indi-
vidual patient data has shown that the use of NBI, par-
ticularly the brighter second generation, could enhance
adenoma detection rate by 1.28-fold” when compared
with white-light imaging (WLI). Subgroup analysis showed
that NBI detected more nonadenomatous polyps and flat
polyps than WLI, making it more useful in the proximal
colon.”

Blue-light imaging (BLI) is a new IEE that focuses on a
short wavelength at 410 nm.” There are 2 versions of BLL
The previous version, called blue-laser imaging, used a
laser as a light source and was only available in Japan. The
current version, as used in this study, uses a light-
emitting diode (LED) light source and is widely available
in most countries. BLI has been applied to polyp character-
ization,"” and a recent Japanese study showed that both
blue-laser imaging and BLI were noninferior to NBI in diag-
nosing colorectal neoplasms, especially for hyperplastic
polyps, sessile serrated lesions (SSLs), and low-grade
dysplasia.'' In another Japanese study comparing LED
with a laser light source, the LED light source was shown
to be noninferior to the laser light source and tended to
be brighter during WLIL " Furthermore, small randomized
controlled studies showed that BLI resulted in a higher
rate of adenoma detection'™'* and lower adenoma miss
rates than WLL.'” As yet, there is no parallel study
comparing these 2 competing IEE technologies (NBI and
BLI) with conventional WLI on colorectal lesion detection
rate or miss rate.

This prospective 3-arm randomized tandem colonos-
copy study aimed to compare conventional WLI with NBI
or BLI on proximal colonic lesion detection. We also
explored the role of these 2 competing technologies on
the miss rates of proximal colonic lesions during tandem
examination.

METHODS

Study design and patients

This is an investigator-initiated 3-arm randomized tan-
dem colonoscopy study comparing the adenoma detection
rate and miss rate of BLI or NBI with WLI in the proximal
colon. The study was approved by the Institutional Review
Board of the University of Hong Kong/Hospital Authority
Hong Kong West Cluster (UW 18-420) and was registered

with clinicaltrials.gov (NCT03696992). All authors had ac-
cess to the study data and reviewed and approved the final
manuscript.

The study was conducted at the Endoscopy Center of
the Queen Mary Hospital of Hong Kong. We included
consecutive patients, aged >40 years, who were scheduled
to have colonoscopy for screening and surveillance as well
as for symptoms. Patients aged <40 years were not
included because the prevalence of colonic lesions is ex-
pected to be low in these younger patients, and there
was no upper age limit for enrollment. Patients were also
excluded if they were unable to provide written informed
consent; had undergone previous colorectal resection; or
had a personal history of colorectal cancer, inflammatory
bowel disease, familial adenomatous polyposis, Peutz-
Jeghers syndrome, or other polyposis syndromes. Patients
who were considered unsafe for polypectomy, including
patients with bleeding tendency and those with severe co-
morbid illnesses, were also excluded.

Randomization and masking

Eligible patients were asked to provide written informed
consent for participation in this study on the day of colo-
noscopy. They were then randomly assigned to 3 different
groups in a 1:1:1 ratio to undergo tandem examination of
the proximal colon with NBI followed by WLI, BLI followed
by WLIL, or WLI followed by WLI (Fig. 1). Randomization
was carried out by computer-generated random sequences
and stratified according to indications of colonoscopy
(symptomatic vs screening/surveillance) and endoscopist
experience (experienced vs trainees). A research assistant
not involved in this study kept all randomization codes,
which were placed in individual opaque envelope. The en-
velope was opened to disclose the assigned examination
sequences once consent was obtained from the patient. Pa-
tients were blinded to the group assignment.

Tandem examination

Patient preparation for colonoscopy followed usual hos-
pital practice. Colonoscopy was performed with the patient
under conscious sedation with intravenous midazolam and
pethidine. Procedures were performed by either experi-
enced endoscopists with at least 5 years of experience in
colonoscopy (n = 9) or gastroenterology fellows with at
least 12 months of independent colonoscopy experience
including IEE training (n = 6). High-definition colono-
scopes were used including the CF-HQ290L/I with the
EVIS- EXERA 290 video system (Olympus Optical, Tokyo,
Japan) for the NBI group and the EC-760ZP-V/L with the
ELUXEO 7000 endoscopic system (Fujifilm Co, Tokyo,
Japan) for the BLI group. Both systems were used for pa-
tients assigned to the WLI group.

During the colonoscopy, the assigned colonoscope was
first advanced to the cecum under WLI. The proximal co-
lon, defined as the segments from the cecum to the
splenic flexure, was examined by the assigned examination
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1690 consecutive patients screened

v

Excluded:
233: History of IBD
157:Age < 40
278:Fail to consent
46: History of bowel resection
40:Bleeding tendency
33: History of CRC
2:History of polyposis syndrome

901 patients eligible for randomization

303 patients 298 patients 300 patients
allocated to allocated to allocated to
BLI group NBI group WLI group

Figure 1. Patient flow in the trial. /BD, Inflammatory bowel disease; CRC, colorectal cancer; BLI, blue-light imaging; NBI, narrow-band imaging; WLI,

white-light imaging.

mode of NBI, BLI, or WLI during the first withdrawal
(Fig. 2). The time of the first withdrawal to the splenic
flexure (minus the polypectomy site) was kept to a mini-
mum of 4 minutes as reported previously.” The splenic
flexure was identified by the sharp bend after the trans-
verse colon and with external indentation of the abdominal
wall. The location of the splenic flexure was gently marked
by a small biopsy forceps or by creating a suction artifact as
a landmark for subsequent tandem examination. The Bos-
ton Bowel Preparation Scale (BBPS) score of the proximal
colon during the first-pass examination was used to eval-
uate the quality of bowel preparation. All polyps, except
very large lesions that would require prolonged endo-
scopic intervention or malignant-looking lesions (in which
a biopsy sample would be taken), were removed during
the first withdrawal. The size (measured with open biopsy
forceps), location, and morphology (as described in Paris
classification) of all polyps detected were recorded by an
independent researcher.

Immediately after the first withdrawal to the splenic
flexure, the same colonoscope was reintroduced to the
cecum for the second examination of the proximal colon
by the same endoscopist. The second examination of the
proximal colon was performed under WLI in all 3 groups.
Any additional polyps or adenomas detected on the second

examination was also removed, labeled separately, and
sent for histologic examination. The distal colon, from
the splenic flexure to the rectum, was examined once by
WLI after the tandem examination of the proximal colon
by the same endoscopist.

Advanced adenomas were defined as adenomas >10 mm
with villous histology in 25%, high-grade dysplasia, or the
presence of carcinoma. An SSL was defined according to
the World Health Organization classification, which in-
cluded traditional serrated adenoma, sessile serrated ade-
noma with or without cytologic dysplasia, and hyperplastic

pOIYp 16

Outcomes

The primary outcome of this study was proximal ade-
noma detection rates (pADRs) and proximal polyp detec-
tion rates (pPDRs) during the first examination of the
proximal colon with WLI compared with BLI or NBIL. pADRs
and pPDRs were defined as the proportion of patients with
at least 1 proximal adenoma or polyp, respectively, de-
tected during the first examination.

Secondary outcomes were the proximal adenoma miss
rate, proximal polyp miss rate, proximal SSL miss rate, prox-
imal advanced adenoma miss rate, and the number of polyps
per colonoscopy (PPCs) or adenomas per colonoscopy
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Figure 2. Small colorectal polyps as detected by narrow-band imaging (leff) and blue-light imaging (right). Arrows indicate location of polyps.

(APCs) detected in the proximal colon during the first and
second examinations. Miss rates were defined as the number
of histologically confirmed lesions of interest detected dur-
ing the second examination divided by the total number of
histologically confirmed lesions of interest detected in
both examinations.'” We also compared the detection and
miss rates of advanced adenomas and SSLs.

Sample size estimation

Because there is no direct comparison between the 2
IEE modalities, we hypothesized that BLI and NBI are com-
parable and are both superior to WLI on proximal ade-
noma detection. With the assumptions that the pADR of
NBI or BLI would be about 30%'® and the difference
between NBI or BLI and WLI was 10%,'”*" 280 patients
were needed in each study arm to achieve a power of 80%
and a 2-sided significance level of 5%. Allowing for 5% of
patients to have incomplete tandem examinations or inad-
equate bowel preparation, a minimum of 884 patients
would need to be enrolled.

Statistical analysis

The primary analysis was based on an intention-to-treat
analysis. Continuous variables are presented as mean (stan-
dard deviation) and were compared using nonparametric
bootstrap t tests.”” Categorical variables are presented as fre-
quencies and percentages and were compared using the >

test or Fisher exact test or nonparametric bootstrap # test
when applicable.”” P < .025 was considered to be statistically
significant after adjustment with Bonferroni correction for
the comparison between WLI and BLI or NBI.

Asubgroup analysis was performed according to quality
of bowel preparation and indications of colonoscopy as
screening, surveillance, or symptomatic. Because the mean
BBPS score of all patients was 7.3, we chose to use a BBPS
score of 7 and 8 as cutoff values.

RESULTS

Patient characteristics

Between November 2018 and February 2022, 901
patients were enrolled and randomized, with 303, 298, and
300 patients in the BLI, NBI, and WLI arms, respectively
(Fig. 1). The mean age of the entire cohort was 64.7 years
(standard deviation, 10.0), and 477 patients (52.9%) were
men. Four hundred thirty-three patients (48.1%) under-
went colonoscopy for screening or surveillance, whereas
the remaining 51.9% underwent colonoscopy for symp-
toms. Seven patients had incomplete colonoscopy (2 in
the BLI group, 3 in the NBI group, and 2 in the WLI group),
and all randomized patients were included in the intention-
to-treat analysis. The baseline characteristics of patients
and colonoscopies are shown in Table 1.
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TABLE 1. Patient baseline characteristics (intention to treat)

Blue-light Narrow-band White-light
imaging imaging imaging All
(n = 303) (n = 298) (n = 300) (n = 901)
Mean age, y (SD) 64.8 (10.4) 64.5 (10.0) 64.7 (9.8) 64.7 (10.0)
Male sex 155 (51.1) 157 (52.7) 165 (55.0) 477 (52.9)
Experienced endoscopist 127 (41.9) 125 (41.9) 129 (43.0) 381 (42.3)
Indication for colonoscopy
Screening/surveillance 151 (49.8) 136 (45.6) 146 (48.6) 433 (48.1)
Symptomatic 152 (50.1) 162 (54.3) 154 (51.3) 468 (51.9)
Mean Boston Bowel Preparation Scale score
Right-sided colon (SD) 2.1 (.6) 2.1 (.6) 2.2 (.6) 2.1 (.6)
Transverse colon (SD) 2.5 (.6) 2.5 (.6) 2.6 (.5) 2.5 (.6)
Left-sided colon (SD) 2.6 (.6) 2.6 (.6) 2.6 (.5) 2.6 (.6)
Total (SD) 7.1 (1.5) 73 (1.4) 74 (1.3) 73 (14)
Mean cecal intubation time, min (SD) 7.7 (3) 8.1 (.3) 7.9 (3) 7.9 (.2)
Mean first withdrawal time from cecum to splenic flexure, min (SD) 5.3 (.2) 5.1 (2) 47 (.2) 5.0 (.2)
Mean second withdrawal time from cecum to splenic flexure, min (SD) 2.2 (.2) 24 (2) 2.2 (2) 23 (1)
Mean withdrawal time from splenic flexure to rectum, min (SD) 3.7 (.2) 40 (.2) 3.7 (.2) 3.8 (.1)

Values are n (%) unless otherwise defined.
SD, Standard deviation.

The polyp and adenoma detection rate of the entire co-
lon when counting the first-pass examination only was
64.3% and 51.3%, respectively. Advanced adenomas and
SSLs were detected in 14.1% and 23.3% of patients based
on first-pass examination of the entire colon.

Proximal colonic lesion detection

During the first-pass examination of the proximal colon,
the highest polyp and adenoma detection rates were noted
in the BLI group and the lowest detection rates in the WLI
group (Table 2). The respective pPDRs and pADRs of the
BLI group were 45.8% (95% CI, 43.2-48.2) and 36.6%
(95% CI, 34.7-39.0), which was significantly higher than
those in the WLI group (pPDR vs pADR: 36.6% [95% CI,
34.7-39.0]; difference, 9.2% [95% CI, 3.3-16.9; P = .027]
vs 28.3% [95% CI, 26.0-30.7]; difference, 8.3% [95% CI,
2.7-15.9; P = .0006)). The NBI group also had significantly
higher pPDRs (41.6% [95% CI, 39.3-44.3] vs 36.6%; differ-
ence, 5.0% [95% CI, 1.4-12.9]; P = .045) and pADRs
(33.8% [95% CI, 31.5-36.2] vs 28.3%; difference, 5.6%
[95% CI, 2.1-13.3], P = .025) than the WLI group.

The detection rates of advanced adenomas in the BLI,
NBI, and WLI groups were 8.6% (95% CI, 7.3-10.0), 6.7%
(95% CI, 5.3-8.1), and 4.7% (95% Cl, 3.7-5.7), respectively.
There was a significant difference in the advanced ade-
noma detection rate between the BLI and WLI groups (dif-
ference, 3.9%; 95% CI, 1.2-7.5; P = .04) but not between
the NBI and WLI groups (difference, 2.0%; 95% CI, 0.6
to 5.7; P = .318). For SSLs, the corresponding detection
rates for the BLI, NBI, and WLI groups were 12.2% (95%
Cl, 10.6-14.2), 11.7% (95% CI, 10.1-13.1), and 9.3% (95%

CI, 8.0-10.7), with no significant differences between WLI
and BLI or NBI .

The PPCs, APCs, and advanced adenomas per colonos-
copy detected in the proximal colon by BLI were significantly
higher than those detected by WLI (PPC: 1.10 & .10 vs .73 &
.08, P = .003; APC: .79 & .09 vs .52 & .06, P = .006; advanced
adenomas per colonoscopy: .09 £.02vs .05 4 .01, P = .040).
The PPCs and APCs detected in the proximal colon by NBI
were also significantly higher than WLI (PPC: .92 4+ .08 vs
.73 £.08, P = .048; APC: .65 + .07 vs .52 £ .06, P = .049).
However, there was no significant difference in advanced ad-
enomas detected per colonoscopy between the NBland WLI
groups (Table 2).

A subgroup analysis was performed according to quality
of bowel preparation and indications of colonoscopy. BLI
and NBI were only found to be superior to WLI on pPDRs
and pADRs in patients with BBPS scores >7 but not in pa-
tients with BBPS scores <7 (Supplementary Table 1, avail-
able online at www.giejournal.org). Similar findings were
observed with a BBPS cutoff score of 8 (Supplementary
Table 1). Moreover, BLI and NBI were significantly better
than WLI (in both pPDRs and pADRs) in subgroups of symp-
tomatic patients only but not in patients who underwent
screening or surveillance colonoscopy (Supplementary
Table 2, available online at www.giejournal.org).

Proximal colonic missed lesions

A second examination of the proximal colon was per-
formed with WLI in all 3 study arms. The proximal polyp
miss rates in the BLI, NBI, and WLI groups were 20.3%
(95% CI, 14.6-24.8), 26.6% (95% CI, 22.1-32.9), and 26.3%
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TABLE 2. Proximal colonic lesion detection rates

Difference (%) P value
BLI vs NBI vs
BLI (n = 303) NBI (n = 298) WLI (n = 300) BLI-WLI NBI-WLE WLE WLE
Detection rate in the proximal colon during the first examination
Proximal polyp, % 458 (43.2-48.2) 41.6 (39.3-443) 36.6 (34.7-39.0) 9.2 (3.3-16.9) 5.0 (1.4-12.9) .027 .045
(n = 139) (n = 124) (n = 110)
Proximal adenoma, % 36.6 (34.3-39.3) 33.8 (31.5-36.2)  28.3 (26.0-30.7) 8.3 (2.7-15.9) 5.5 (2.1-13.3) .006 025
(n = 111) (n = 101) (n = 85)
Proximal advanced 8.6 (7.3-10.0) 6.7 (5.3-8.1) 4.7 (3.7-5.7) 3.9 (1.2-7.5) 2.0 (-6 to 5.7) .04 32
adenoma, % (n = 26) (n = 20) (n = 14)
Proximal sessile serrated 12.2 (10.6-14.2) 11.7 (10.1-13.1) 9.3 (8.0-10.7) 29(-4t078 24 (-12to74) 43 47
lesion, % (n = 37) (n = 35) (n = 28)
Mean no. of lesions per colonoscopy in the proximal colon during the first examination
Polyp 1.10 (.10) .92 (.08) .73 (.08) .37 (.18-.63) .19 (.15-.40) .003 .048
Adenoma .79 (.09) 65 (.07) .52 (.06) 27 (.13-47) .13 (.01-.30) .006 .049
Advanced adenoma .09 (.02) .07 (.01) .05 (.01) .04 (.01-.08) .02 (-.01 to .06) .04 11
Sessile serrated lesion .18 (.03) .15 (.02) 13 (.03) .05 (-.01 to .13) .02 (-.03 to .10) 32 23

Values in parentheses are 95% confidence intervals or standard deviation unless otherwise defined.

BLI, Blue-light imaging; NBI, narrow-band imaging; WLI, white-light imaging.

(95% CI, 20.4-29.9), respectively, whereas the correspond-
ing proximal adenoma miss rates were 19.4% (95% CI,
16.6-22.8), 27.2% (95% CI, 21.8-35.2), and 27.4% (95% CI,
23.1-29.7). The BLI group had a significantly lower miss
rate than the WLI group for adenomas (difference,
-8.0%; 95% CI, —-15.8 to —.1; P = .02) but not for polyps
(difference, —6.0%; 95% CI, -10.9 to 1.1; P = .08). Howev-
er, there was no significant difference between the use of
NBI and WLI on proximal polyp or adenoma miss rates
(Table 3).

The miss rates of proximal advanced adenomas in the
BLI, NBI, and WLI groups were 13.3% (95% CI, 5.6-24.2),
23.0% (95% CI, 9.1-46.0), and 22.5% (95% CI, 5.9-41.1),
respectively. Furthermore, the corresponding miss rates
for proximal SSLs were 28.0% (95% CI, 19.5-39.2), 29.7%
(95% CI, 18.7-41.7), and 20.8% (95% CI, 9.9-33.0). No sig-
nificant differences in the miss rates of proximal advanced
adenomas and SSLs were observed between BLI or NBI
and WLL

The mean numbers of missed proximal PPCs in the BLI,
NBI, and WLI groups were .28, .33, and .26, whereas the
mean numbers of missed proximal adenomas in the 3
groups were .19, .24, and .20, respectively (Table 3). There
was again no significant difference between groups.

Because 2 systems of WLI were used in this study, we also
compared the performance of the 2 WLI systems in the prox-
imal colon. There was no significant difference between the
Olympus and Fujifilm WLI systems in terms of polyp and ad-
enoma detection rates (Supplementary Table 3, available
online at www.giejournal.org). Moreover, the number of le-
sions detected in the distal colon by WLI in the BLI and NBI
groups was comparable (Supplementary Table 4, available

online at www.giejournal.org). The total numbers of prox-
imal colonic lesions detected after tandem examinations
are shown in Supplementary Table 5 (available online at
www.giejournal.org).

DISCUSSION

To our knowledge, this is the first study to prospectively
evaluate the performance of 2 competing IEE technologies
(NBI and BLI) with conventional WLI on proximal colonic
lesion detection and miss rates using a tandem colonos-
copy approach in a single randomized trial setting. We
found that both BLI and NBI were superior to WLI on
detection of proximal polyps and adenomas, particularly
BLI ,which had the highest pADR and pPDR. Furthermore,
we found that BLI had a lower adenoma miss rate than WLI
but not between NBI and WLIL

A pooled meta-analysis showed that the use of NBI
could improve the adenoma detection rate.” Although
BLI uses a light filter of similar wavelengths as NBI, it is
anticipated that a similar performance could be achieved
when BLI is applied to colorectal polyp and adenoma
detection. Although a previous randomized controlled trial
from Japan also demonstrated the superiority of BLI to WLI
on polyp detection,” so far no study has compared these 2
similar modalities in the same trial setting. Although this
study was not designed to directly comparing BLI with
NBI, our findings could provide some insights into the per-
formance of these 2 competing IEE technologies when
applied to polyp or adenoma detection. In fact, there
was a numerically higher pADR and pADR as well as a
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TABLE 3. Proximal colonic lesions miss rates

NBI WLE Difference (%) P value
BLI vs NBI vs
BLI (n = 303) NBI (n = 298) WLI (n = 300) BLI-WLE NBI-WLE WLE WLE
Miss rate in the proximal colon during the second examination
Proximal polyp, % 20.3 (14.6-24.8) 26.6 (22.1-32.9) 26.3 (20.4-29.9) -6.0 (-10.9 to 1.1) .3 (-5.1 to 10.7) .08 45
(n = 85) (n = 99) (n = 78)
Proximal adenoma, % 19.4 (16.6-22.8) 27.2 (21.8-35.2) 27.4 (23.1-29.7) -80 (-158to -.1) -2 (-6.7 to 14.2) .02 A4
(n = 58) (n = 73) (n = 59)
Proximal advanced 13.3 (5.6-24.2) 23.0 (9.1-46.0) 22.2 (5.9-41.1) -89 (-27.1 to 10.0) .8 (-21.6 to 29.6) .21 47
adenoma, % (n = 4) (n = 6) (n = 4)
Proximal sessile 28.0 (19.5-39.2) 29.7 (18.7-41.7) 20.8 (9.9-33.0) 7.2 (-6.7 t0 23.9) 89 (-6.1 to 25.5) .17 18
serrated lesion, % (n = 21) (n = 19) (n = 10)

Mean no. of missed lesions per colonoscopy in the proximal colon during the second examination

Polyp .28 (.04) .33 (.04) .26 (.04) .02 (-.06 to .13) 08 (-01t0.19) .71 23
Adenoma .19 (.03) .24 (.03) .20 (.03) -01 (08 to .08] .04 (-03to.16) .92 37
Advanced adenoma .01 (.007) .02 (.008) .01 (.007) .00 (-.01 to .02) .01 (-.01 to .03) .99 52
Sessile serrated lesion .07 (.01) .06 (.02) .03 (.01) .04 (-.01 to .07) .03 (-.01 to .07) .10 .16

Values in parentheses are 95% confidence intervals or standard deviation unless otherwise defined.

BLI, Blue-light imaging; NBI, narrow-band imaging; WL/, white-light imaging.

higher number of proximal lesions detected in the BLI
group than in the NBI group. Moreover, our tandem exam-
ination showed that BLI had a significantly lower miss rate
of adenomas than WLI, but this difference was not found
between NBI and WLI, as more lesions were removed on
the first-pass examination by BLI. Although there was
larger difference between BLI and WLI than between NBI
and WLI, this could account for the significant difference
in miss rate between BLI and WLI as more lesions were
removed on the first-pass examination by BLI.

The reasons for the favorable trend of BLI over NBI re-
mains uncertain, and we speculate that it is from the
brighter LED light source of the BLI system,'' because
other parameters, including the wavelength of the optical
filter and image resolution, are generally comparable be-
tween the 2 systems. The brighter light source could facil-
itate lesion detection after the application of an optical
filter of NBI or BLI, which could dim the endoscopic im-
age. In keeping with this, a meta-analysis showed that
the second generation of NBI (EVIS EXERA 290) with a
brighter light source was better than WLI for colorectal ad-
enoma detection but not the first generation of NBIL’
There is a newer version of the Olympus endoscopy sys-
tem based on an LED light source (EVIS X1 Video System).
A Japanese study showed that the new system with NBI
could identify the brown slits of adenoma with a high accu-
racy of 96.3%.% It remains to be determined whether the
new generation of NBI with an LED light source will
outperform the second-generation NBIL. Apart from BLI,
the Fujifilm system has another mode of IEE called the
linked-color imaging, which emphasizes red mucosal color
detection. In our previous randomized controlled trial,**

we showed that NBI was significantly better than linked-
color imaging in detecting colorectal polyps (71.3% vs
55.9%) and serrated lesions (34.6% vs 22.1%).

It is important to note, however, that at least 20% of
proximal adenomas were missed across all different imag-
ing modalities including NBI and BLI, which were picked
up on tandem examination by WLI only. This observation
was compatible with a previous meta-analysis that up to
26% of adenomas were missed in the entire colon on tan-
dem examination.' Surprisingly, we found that up to 23%
of proximal advanced adenomas and 29.7% of proximal
SSLs, both more advanced lesions, could be missed by
NBI. Similarly, BLI missed 13.3% of advanced adenomas
and 28% of SSLs. Despite the low number of actual lesions
missed (mean of .01-.02 per patient or 1-2 per 100 pa-
tients), the consequences can be considerable because
the risk of progression to cancer of these proximal lesions
could be higher than nonadvanced adenomas.

Together, these findings suggest that other measures in
addition to IEE are needed to reduce the miss rate. As
shown in this study, repeat examination, even with WLI,
could pick up >20% of these missed lesions. Numerous
studies determined the role of computer-assisted detec-
tion in increasing polyp and adenoma detection.””*°
However, most existing commercially available computer-
assisted detection models were built on WLI, and further
studies are needed to determine whether there is incre-
mental benefit of the combined use of computer-assisted
detection and IEE. Despite the application of these techno-
logic advancements, missed lesions remain a major issue
because they can contribute to postcolonoscopy colorectal
cancer."”
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The strength of this study is that, to our knowledge, it is the
first industry-independent study to compare WLI with 2
different IEE technologies (BLI and NBI) in the same trial
setting. Although studies have reported the use of BLI on
detection of colonic lesions,” "> few studies used this new
version of BLI with an LED light source, and there is a paucity
of high-quality data. We also included patients undergoing
colonoscopy for broad indications rather than limited to
screening colonoscopy alone as well as endoscopists of variable
experience to simulate the real-world scenario. The tandem
design further enables the determination of both detection
and miss rates of these 2 competing IEE technologies.

One important assumption of this study was that there
is no difference in the performance of the 2 white-light sys-
tems on detecting colonic lesions. In response to that, we
performed further subgroup analysis to compare the prox-
imal adenoma and polyp detection rates of the 2 systems
and found no significant difference between 2 WLI systems
(Supplementary Table 3). Moreover, the distal colonic find-
ings, which were all performed by WLI, were similar be-
tween the BLI and WLI group (Supplementary Table 4),
suggesting that the 2 WLI systems are largely comparable.

Although the quality of bowel preparation is another
important determinant for polyp or adenoma detection,
particularly during IEE, we showed that BLI and NBI per-
formed better in patients with higher BBPS scores (>7)
This observation was compatible with a previous study”
that found patients assigned to the NBI group with good
bowel preparation had a significantly higher detection rate
of adenomas and polyps when compared with those with
fair bowel preparation. In that study, they defined good
bowel preparation as having no more than liquid residue
that could be aspirated to achieve near 100% visualization.

This study has several limitations. First, this is a single-
center study, and about 50% of patients underwent
colonoscopy for symptoms, which may have a higher
lesion detection rate. Although these symptomatic patients
were not found to have higher pADRs or pPDRs, a signifi-
cant difference between WLI and BLI or NBI was only
found in this group (Supplementary Table 2). However,
we could not exclude the possibility of statistical under-
powering in the other 2 subgroups. Second, most of our
patients were of Chinese ethnicity, but the overall ade-
noma detection rate of the entire colon was 40% in this
study, and the recent incidences of colorectal cancer in
Hong Kong are very comparable with many Western coun-
tries.” Third, tandem colonoscopy was limited to the prox-
imal colon only rather than the entire colon. Although no
evidence shows that the beneficial effect of IEE is limited
to the proximal colon, missed proximal lesions are sus-
pected to be the main culprit of postcolonoscopy interval
cancers.” Hence, this study focused on the detection
and miss rates of proximal colonic lesions. Fourth, a sec-
ond examination was performed by WLI in all patients by
the same endoscopist without crossover. This was to
ensure the standardization of the second examination,

which aimed to identify missed lesions in the absence of
potential enhanced detection by IEE. However, the possi-
bility of nonblinding of the same endoscopist during the
second examination and the potential inferior performance
of WLI could not be eliminated. Fifth, despite the 3-arm
design, the sample size estimation was based on the differ-
ence between WLI and NBI or BLI rather than between NBI
and BLIL Hence, this study was not powered to compare
the difference between NBI and BLI on colonic lesion
detection. Because of the anticipated enhanced perfor-
mance of both BLI and BLI, this direct comparison would
require a huge sample size to achieve, which may not carry
any major clinical relevance because of the subtle differ-
ence between the 2 modalities as shown in this study.
Finally, we did not attempt to apply 2 different IEE systems
in the same patient because this would require the deploy-
ment of 2 different endoscopic systems in the same endos-
copy room for a single patient, which would pose major
logistic challenges to the execution of this study involving
more than 900 patients. The need of repeated insertion of
2 different colonoscopes to the same patient would also
potentially increase discomfort and total procedure time,
which may not be acceptable by patients.

In conclusion, the results from this 3-arm randomized
controlled study showed that both BLI and NBI are supe-
rior to WLI on detection of proximal colonic lesions. BLI,
but not NBI, had a lower adenoma miss rate in the
proximal colon than WLI. Although both NBI and BLI
could enhance proximal colonic lesion detection, they still
missed at least 20% of proximal colonic adenomas and
about 30% of proximal SSLs. Other innovations are there-
fore necessary to address the issue of missed proximal
colonic lesions in addition to the application of IEE.
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SUPPLEMENTARY TABLE 1. Proximal colonic lesion detection rates according to bowel preparation quality

Difference (%) P value
BLI NBI WLI BLI- WLE NBI-WLE BLI vs WLE NBI vs WLE
Boston Bowel Preparation Scale score <7
No. of patients 118 102 92
Proximal polyp, % 55.1 (51.7-58.4) 47.1 (43.1-51.0) 47.8 (43.5-52.1) 7.3 (-1.8'to 16.1) -7 (-10.2 to 7.6) 15 A4
(n = 65) (n = 48) (n = 44)
Proximal adenoma, % 44.1 (39.8-47.4) 39.2 (35.3-43.1) 40.2 (35.9-445) 3.9 (-4.8 to 12.6) -1.0 (-10.0 to 8.8) .28 46
(n = 52) (n = 40) (n = 37)
Mean no. of lesions per colonoscopy in the proximal colon during the first examination
Polyp 1.32 (.18) 1.13 (.16) 1.04 (.18) .28 (-.06 to .60) .09 (-.31 to .40) 15 36
Adenoma .99 (.15) .80 (.13) 77 (114) 22 (-.02 to .51) .03 (-.22 to .27) 12 43
Boston Bowel Preparation Scale score >7
No. of patients 185 196 208
Proximal polyp, % 40.0 (36.8-43.2) 38.8 (35.7-41.8) 31.7 (28.8-34.1) 8.3 (2.5-13.8) 7.1 (1.0-13.1) .040 .045
(n = 74) (n = 76) (n = 66)
Proximal adenoma, % 31.9 (29.2-35.1) 31.1 (28.5-33.7) 23.1 (20.7-25.5) 8.8 (3.4-14.2) 8.0 (2.7-13.6) .024 .032
(n = 59) (n = 61) (n = 48)
Mean no. of lesions per colonoscopy in the proximal colon during the first examination
Polyp 96 (.12) .80 (.09) .59 (.08) .37 (17-.57) .21 (.06-.36) .004 038
Adenoma 66 (.10) .58 (.08) 41 (.06) .25 (.10-.41) .17 (.05-.29) 015 .037
Boston Bowel Preparation Scale score <8
No. of patients 154 139 126
Proximal polyp, % 49.3 (46.1-52.6) 43.8 (40.3-47.5) 46.0 (42.1-50.0) 3.3 (-4.7 to 10.7) -2.2 (-9.7 to 5.7) .28 38
(n = 76) (n = 61) (n = 58)
Proximal adenoma, % 39.6 (36.3-42.8) 34.5 (31.7-37.4) 38.9 (35.7-42.9) .7 (-6.51t0 84) -44 (-11.8 to 3.1) 44 24
(n = 61) (n = 48) (n = 49)
Mean no. of lesions per colonoscopy in the proximal colon during the first examination
Polyp 1.16 (.15) .99 (.13) 94 (.13) .22 (-.03 to 45) .05 (-.19 to .29) 14 40
Adenoma .86 (.12) .68 (.11) .68 (.10) .18 (-.03 to .38) .001 (-.19 to .20) 15 A48
Boston Bowel Preparation Scale score >8
No. of patients 149 159 174
Proximal polyp, % 422 (38.9-456)  39.6 (36.4-434) 299 (27.0-32.7) 12.3 (5.6-19.6) 9.7 (3.0-17.0) .009 022
(n = 63) (n = 63) (n = 52)
Proximal adenoma, % 33.6 (30.2-36.9) 33.3 (30.2-36.4) 20.7 (17.8-23.6) 12.9 (6.4-18.8) 12.6 (6.8-19.2) .003 .005
(n = 50) (n = 53) (n = 36)
Mean no. of lesions per colonoscopy in the proximal colon during the first examination
Polyp 1.05 (.14) .86 (.10) .57 (.09) 48 (.25-.71) .29 (.11-46) .001 021
Adenoma 72 (12) 63 (.10) 40 (.07) .32 (.16-.51) .23 (.08-.37) .010 016
Values in parentheses are 95% confidence intervals or standard deviation.
BLI, Blue-light imaging; NBI, narrow-band imaging; WLI, white-light imaging.
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SUPPLEMENTARY TABLE 2. Proximal colonic polyp and adenoma detection rates according to indications of colonoscopy

Difference (%) P value
BLI NBI WLI BLI - WLE NBI-WLE BLI vs WLE NBI vs WLE
Screening
No. of patients 100 83 85
Proximal polyp, % 49.0 (45.0-53.0) 45.8 (41.0-49.6) 459 (41.2-50.6) 3.1 (-6.1t0 120) ~-.1 (~9.6 to 10.5) 34 50
(n = 49) (n = 38) (n = 39)
Proximal adenoma, %  40.0 (36.0-44.0) 38.6 (34.9-43.3) 37.6 (32.9-41.2) 24 (-6.7 to 11.4) .1 (-8.6 to 9.3) .38 .50
(n = 40) (n = 32) (n = 32)
Surveillance
No. of patients 51 53 61
Proximal polyp, % 52.9 (47.1-58.8) 509 (453-56.6) 41.0 (36.0-47.5) 119 (-.1 to 25.0) 9.9 (-2.2 to 22.9) 10 15
(n = 27) (n = 27) (n = 25)
Proximal adenoma, %  41.2 (35.3-47.1)  39.6 (34.0-45.3) 37.7 (32.8-426) 3.5 (-89to 15.2) 1.9 (-9.4 to 14.1) 37 37
(n = 21) (n = 21) (n = 23)
Symptomatic
No. of patients 152 162 154
Proximal polyp, % 41.4 (38.2-447) 36.4 (33.3-39.5) 29.9 (26.6-33.1) 11.5 (3.8-18.1) 6.5 (.3-13.9) .022 .049
(n = 63) (n = 59) (n = 46)
Proximal adenoma, %  32.9 (29.6-36.2) 29.6 (26.5-32.7) 19.5 (16.9-22.0) 13.4 (7.5-20.0) 10.1 (3.9-16.0) .002 .012
(n = 50) (n = 48) (n = 30)
Values in parentheses are 95% confidence intervals.
BLI, Blue-light imaging; NBI, narrow-band imaging; WL/, white-light imaging.
SUPPLEMENTARY TABLE 3. Proximal colonic lesion detection and miss rates by WLI Olympus vs WLI Fujifilm
WLI Olympus (n = 159) WLI Fujifilm (n = 141) P value
Detection rate in the proximal colon during the first examination
Proximal polyp, % 34.0 (30.8-37.1) 39.7 (36.2-43.3) 14
(n = 54) (n = 56)
Proximal adenoma, % 27.0 (23.9-30.2) 29.8 (26.2-32.6) .28
(n = 43) (n = 42)
Mean no. of lesions per colonoscopy in the proximal colon during the first examination
Polyp 65 (.10) 82 (.12) 15
Adenoma 49 (.08) .55 (.09) 28
Values in parentheses are 95% confidence intervals or standard deviation.
WLI, White-light imaging.
SUPPLEMENTARY TABLE 4. Number of lesions detected in the distal colon by white-light imaging
BLI (n = 303) NBI (n = 298) WLI (n = 300)
Polyp 205 209 192
Adenoma 117 124 118
Advanced adenoma 23 24 26
Sessile serrated lesion 66 60 59

BLI, Blue-light imaging; NBI, narrow-band imaging; WL/, white-light imaging.
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SUPPLEMENTARY TABLE 5. Total number of lesions found in proximal colon after each examination

BLI (n = 303) NBI (n = 298) WLI (n = 300)
On first examination
Proximal polyp 334 273 219
Proximal adenoma 240 195 156
Proximal advanced adenoma 26 20 14
Proximal sessile serrated lesion 54 45 38
On second examination (white-light imaging)
Proximal missed polyp 85 99 78
Proximal missed adenoma 58 73 59
Proximal missed advanced adenoma 4 6 4
Proximal missed sessile serrated lesion 21 19 10
Proximal polyp detected 419 372 297
Proximal adenoma detected 298 268 215
Proximal advanced adenoma detection detected 30 26 18
Proximal sessile serrated lesion detection detected 75 64 48
BLI, Blue-light imaging; NBI, narrow-band imaging; WLI, white-light imaging.
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