
Clinical Gastroenterology and Hepatology 2021;19:1708–1716
ENDOSCOPY
Detection of Colorectal Neoplasms Using Linked Color
Imaging: A Prospective, Randomized, Tandem Colonoscopy
Trial

Issei Hasegawa,* Takeshi Yamamura,* Hiroto Suzuki,* Keiko Maeda,‡

Tsunaki Sawada,‡ Yasuyuki Mizutani,* Eri Ishikawa,* Takuya Ishikawa,*
Naomi Kakushima,* Kazuhiro Furukawa,* Eizaburo Ohno,* Hiroki Kawashima,‡

Masanao Nakamura,* and Mitsuhiro Fujishiro*
*Department of Gastroenterology and Hepatology, Nagoya University Graduate School of Medicine, Nagoya, Japan; and
‡Department of Endoscopy, Nagoya University Hospital, Nagoya, Japan
BACKGROUND AND
AIMS:
Abbreviations used in this pap
adenoma miss rate; BBPS, Bo
laser imaging; CI, confidence
enhanced endoscopy; LCI, link
NBI, narrow band imaging; RR,
interval recommendation; SSL,
imaging.
A higher adenoma detection rate (ADR) has been shown to be related to a lower incidence and
mortality of colorectal cancer. We analyzed the efficacy of linked color imaging (LCI) by
assessing the detection, miss, and visibility of various featured adenomas as compared with
white light imaging (WLI).
METHODS:
 This was a prospective, randomized, tandem trial. The participants were randomly assigned to
2 groups: first observation by LCI, then second observation by WLI (LCI group); or both ob-
servations by WLI (WLI group). Suspected neoplastic lesions were resected after magnifying
image-enhanced endoscopy. The primary outcome was to compare the ADR during the first
observation. Secondary outcomes included evaluation of adenoma miss rate (AMR) and visi-
bility score.
RESULTS:
 A total of 780 patients were randomized, 700 of whom were included in the final analysis. The
ADR was 69.6% and 63.2% in the LCI and WLI groups, respectively, with no significant differ-
ence. However, LCI improved the average ADR in low-detectors compared with high-detectors
er: ADR, adenoma detection rate; AMR,
ston Bowel Preparation Scale; BLI, blue
interval; eIEE, equipment-based image-
ed color imaging; MD, mean difference;
risk ratio; SCIR, surveillance colonoscopy
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(76.0% vs 55.1%; P < .001). Total AMR was 20.6% in the LCI group, which was significantly
lower than that in the WLI group (31.1%) (P < .001). AMR in the LCI group was significantly
lower, especially for diminutive adenomas (23.4% vs 35.1%; P < .001) and nonpolypoid lesions
(25.6% vs 37.9%; P < .001) compared with the WLI group.
CONCLUSION:
 Although both methods provided a similar ADR, LCI had a lower AMR than WLI. LCI could
benefit endoscopists with lower ADR, an observation that warrants additional study. (UMIN
Clinical Trials Registry, Number: UMIN000026359).
Keywords: Linked Color Imaging; Prospective Randomized Tandem Trial; Adenoma Detection Rate; Adenoma Miss Rate.
Early detection of adenomatous lesions is impor-
tant in colorectal screening, because endoscopic

resection of adenomas reduces the incidence and mor-
tality of colorectal cancer.1 The adenoma detection rate
(ADR) is inversely associated with the risk of interval
cancer.2 However, ADR may be an insufficient quality
indicator of colonoscopy, as it does not consider the
number of polyps. Aniwan et al. reported that the ade-
noma miss rate (AMR) differed significantly between
endoscopists with high ADRs.3 Moreover, small and flat
lesions are often overlooked, even by experienced
endoscopists.4

The high-resolution technique, equipment-based im-
age-enhanced endoscopy (eIEE), does not require
adjunct devices and eliminates the need for dye. How-
ever, a previous report concluded that narrow band
imaging (NBI), a representative of eIEE, did not improve
the ADR because of insufficient brightness.5 Several
studies showed positive results that the brighter, next-
generation eIEE improved detection of adenomatous le-
sions.6,7 However, these new eIEEs also have a darker
view than white light imaging (WLI) and may require the
operator to move closer to the mucosa for observation,
which narrows the field of view.

Linked color imaging (LCI) is a new eIEE designed to
enhance slight color differences. LCI enhances the color
separation of red blood vessels and white pits, allowing
similar visualization to conventional WLI (Figure 1A–D).
Furthermore, LCI is brighter than blue laser imaging
(BLI)–bright and is expected to enhance visibility to
improve polyp detection.8 Recent studies, including
crossover trials and meta-analyses, have suggested that
LCI improves the detection of adenomas and sessile
serrated lesions (SSLs).9–11

We adopted a design in which the second observation
was fixed by WLI, to calculate the miss rate in the entire
colon more accurately. The present trial aimed to
investigate the superiority of LCI over WLI for lesion
detection.
Materials and Methods

Study Design

This study was a prospective, randomized controlled
trial with tandem colonoscopy, conducted at Nagoya
University Hospital in Japan from June 2017 to June
2020. The study protocol was approved by the Institu-
tional Review Board of Nagoya University Hospital and
was registered in the University Hospital Medical
Network Clinical Trials Registry (UMIN 000026359). All
authors had access to the study data and have reviewed
and approved the final manuscript.

Patients

We enrolled patients �20 years of age who under-
went colonoscopy. The indications for colonoscopy
included screening, surveillance, and diagnostic workup
of colonic symptoms. Patients with inflammatory bowel
disease or polyposis (familial adenomatous polyposis, or
other hereditary polyposis syndromes) and those
considered high risk for tandem colonoscopy (including
patients with confirmed advanced colorectal cancer,
history of difficulty of insertion, or history of poor
sedation) or polypectomy (including patients with
bloody stool, ongoing antithrombotic therapy, or severe
comorbid illness) were excluded. Additionally, we
excluded patients with a history of multiple polyps
(>10), previous colorectal resection, nonstandardized
preparation methods, inability to provide informed con-
sent, or refusal of the procedure.

Endoscopic Equipment and Setting

Patients underwent tandem colonoscopy with high-
definition colonoscopes (EC-L600ZP, EC-L600ZP7; Fuji-
film, Tokyo, Japan) using a LASEREO 7000 endoscopic
system (Fujifilm). Endoscopic procedures were per-
formed with an endoscopic transparent hood (Disposal
distal attachment; Olympus Medical Systems, Tokyo,
Japan) to secure the field of view.

Endoscopic Procedure

Patients followed a low-residue diet the day before
endoscopy and took 10 mL sodium picosulfate before
sleeping. On the morning of colonoscopy, 1–2 L of a
highly concentrated polyethylene glycol solution (Movi-
Prep; Ajinomoto Pharma, Tokyo, Japan) was adminis-
tered. Colonoscopies were performed under conscious
sedation with intravenous midazolam. Butylscopolamine

https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno=R000030286
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno=R000030286


What You Need to Know

Background
Colonoscopy using white light imaging often over-
looks adenomas. Adenoma detection by linked color
imaging (LCI) is promising, but the accurate ade-
noma miss rate (AMR) with LCI remains unclear.

Findings
Both methods provided similar adenoma detection
rates. However, LCI significantly improved AMR
even for endoscopists with high adenoma detection
rate. LCI was sufficiently effective, even if bowel
preparation was not excellent.

Implications for patient care
LCI had a lower AMR than white light imaging,
specifically for diminutive and nonpolypoid ade-
nomas. LCI could help further improve the quality of
colonoscopy.
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(20 mg) or glucagon (1 mg) was administered intrave-
nously as a spasmolytic agent immediately before
insertion, when there were no contraindications. Pro-
cedures in this study were conducted by 14 endo-
scopists, each with experience in performing �3000
colonoscopies and �1000 eIEE examinations including
LCI. A previous report was referred to define endo-
scopists’ experience.12 Patients gave informed consent
for participation and publication of the research. Random
assignments were performed before the examination in
all cases. Eligible patients were stratified according to 2
factors: constipation (once every 3 days, on average) and
the presence of previous colonoscopic therapy. Patients
were then randomized in a 1:1 ratio by computer-
generated random sequences to determine whether
they would undergo the first colonoscopy with LCI or
with WLI. The random sequence was stored in assign-
ment tables managed by a third party blinded to this
trial. The method for the first colonoscopy, LCI or WLI,
was decided according to the assignment tables imme-
diately before the procedure, and the endoscopist was
made aware of the allocation. Patients were in supine
position at each withdrawal. After withdrawal to the
rectum with the LCI or WLI, the scope was reinserted up
to the cecum. Then, the second withdrawal was per-
formed using WLI in both groups by another endoscopist
who was unaware of the assignment and the results of
the first observation. Endoscopic insertion was per-
formed by WLI in both groups. The target for pure
withdrawal time was set at 6 minutes, based on a pre-
vious study,13 and using a stopwatch, we spend at least 6
minutes for withdrawal from the cecum to the dentate
Figure 1. Representative
cases of (A, C) white ligh
and (B, D) linked color im-
ages of a nonpolypoid
diminutive adenoma ac-
cording to (A, B) excellen
or (C, D) adequate bowe
preparation.
line, with as constant a speed as possible. Consequently,
the residual suction time, magnified observation time,
and treatment time were not measured. All lesions were
magnified by BLI and evaluated by Japan NBI Expert
Team classification.14 Chromoendoscopy with indigo
carmine and crystal violet was not performed during the
diagnostic procedure to avoid any effect on the ADR.
Regardless of the first or second observation, neoplastic
lesions (adenomas, traditional serrated adenomas, and
SSLs) evaluated by optical diagnosis were removed
immediately after magnified observations. We
t
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Table 1. Demographic Characteristics

LCI group
(n ¼ 349)

WLI group
(n ¼ 351) P value

Age, y 66.5 � 10.8 65.8 � 12.3 .455

Male 218 (62.5) 222 (63.2) .830

Indication for colonoscopy
Screening 169 (48.4) 167 (47.6) .823
Surveillance 168 (48.1) 170 (48.4) .938
Symptoms 12 (3.5) 14 (4.0) .700

Constipation 62 (17.8) 55 (15.7) .457

Previous colonoscopic therapy 155 (44.4) 162 (46.2) .644

BBPS score 8.3 � 1.1 8.4 � 1.0 .206

Antispasmodic drug 219 (62.8) 217 (61.8) .800

First insertion time, s 371 � 170 375 � 194 .788

Second insertion time, s 244 � 139 253 � 150 .441

First withdrawal time, s 367 � 39 369 � 33 .479

Second withdrawal time, s 363 � 22 359 � 30 .069

NOTE. Values are mean � SD or n (%).
BBPS, Boston Bowel Preparation Scale; LCI, linked color imaging; WLI, white
light imaging.
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contemporaneously recorded the location, size
(measured by biopsy forceps or snares), morphology
type, and visibility score (range, 1–4) of detected le-
sions.15 Lesions were examined histologically by pa-
thologists who were unaware of the results of the
endoscopic diagnosis.

Definition

A diminutive adenoma was defined as an adenoma
�5 mm in diameter, and an advanced adenoma was
defined as an adenoma �10 mm in diameter, or with
villous histology, or with high-grade dysplasia. The
morphology was classified as nonpolypoid type (0-IIa,
IIb, IIc) or polypoid type (0-Ip, Is) according to the Paris
classification.16 We assessed bowel preparation using the
Boston Bowel Preparation Scale (BBPS) score17 and
defined a score of 5 or less as “dropout,” 6–8 as
“adequate,” and 9 as “excellent.”

Outcomes

The primary endpoint was to compare ADR, defined
as the proportion of patients with at least 1 adenoma
found on first observation. The secondary endpoints
were the evaluation of AMR and the visibility score. AMR
was defined as the number of adenomas identified dur-
ing the second observation divided by all detected ade-
nomas in first and second colonoscopies.

Sample Size

The ADR with WLI at our hospital was approximately
60%. We anticipated that an additional 10% of the ADR
could be expected with LCI compared with WLI, with
reference to previous studies.10With a statistical power of
0.80 and a 2-sided significance level of .05, the minimal
sample number was 712 patients. Therefore, assuming
potential exclusions or dropouts, 780 patients were
recruited to ensure an adequate number of patients.

Statistical Analysis

Analyses were performed with SPSS Statistics 26
(IBM, Armonk, NY). Continuous variables are summa-
rized by mean � SD or median (interquartile range) and
were compared using Student’s t test or the Mann-
Whitney U test. Categorical variables are expressed as
proportions and percentages and were compared using
the chi-square test. Statistical tests were 2-tailed, with
significance defined as a P value of .05 or less. The
measurement of intervention effect for continuous out-
comes was the mean difference (MD) with 95% confi-
dence interval (CI), and that for dichotomous outcomes
was assessed by the risk ratio (RR) with 95% CI. The
correlation analysis was evaluated using Spearman’s
correlation coefficient (r).
Results

Recruitment and Participant Flow

Patient recruitment is shown in Supplementary
Figure 1. Finally, 349 (89.5%) patients in the LCI group
and 351 (90.0%) patients in the WLI group completed
the protocol and were analyzed.

Group Characteristics

Baseline characteristics of the patients are summa-
rized in Table 1. Age, sex, constipation, previous endo-
scopic therapy, bowel preparation, antispasmodic drug
use, and first and second insertion time did not differ
significantly between the groups. The mean withdrawal
time was similar between the 2 groups. No adverse
events occurred during the study.

Outcomes

Per-Patient Analysis. During the first observation,
polyps were detected in 264 (75.6%) and 247 (70.2%)
patients in the LCI and WLI groups, respectively, but no
significant difference was found (P ¼ .116) (Table 2).
The ADR was 69.6% in LCI group and 63.2% in the WLI
group, with no significant difference (RR, 1.10; 95% CI,
0.99 to 1.22; P ¼ .074). There were also no significant
differences in the number of polyps or adenomas per
patient between the groups. During the second obser-
vation, the proportion of patients with additional polyps
(33.8% vs 45.3%; RR, 0.75; 95% CI, 0.62 to 0.90; P ¼



Table 2. Tandem Colonoscopy Findings of LCI and WLI Groups

LCI group
(n ¼ 349)

WLI group
(n ¼ 351) P value RR/MD (95% CI)

First colonoscopy

Patients with polyps 75.6 (264) 70.2 (247) .116 1.08a (0.98 to 1.18)

Patients with adenomas 69.6 (243) 63.2 (222) .074 1.10a (0.99 to 1.22)

Patients with advanced adenomas 14.3 (50) 14.0 (49) .889 1.03a (0.71 to 1.48)

Number of polyps per patient

Median (IQR) 2 (1–3) 1 (0–3) .114 —

Mean � SD 2.00 � 1.96 1.80 � 1.91 — 0.20b (–0.09 to 0.49)

Number of adenomas per patient

Median (IQR) 1 (0–3) 1 (0–2) .132 —

Mean � SD 1.68 � 1.76 1.52 � 1.72 — 0.16b (–0.10 to 0.42)

Second colonoscopy

Patients with polyps 33.8 (118) 45.3 (159) .002 0.75a (0.62 to 0.90)

Patients with adenomas 29.8 (104) 42.7 (150) <.001 0.70a (0.57 to 0.85)

Patients with advanced adenomas 0.86 (3) 1.71 (6) .318 0.50a (0.14 to 1.82)

Number of polyps per patient

Median (IQR) 0 (0–1) 1 (0–1) .002 —

Mean � SD 0.52 � 0.89 0.77 � 1.19 — –0.25b (–0.40 to –0.09)

Number of adenomas per patient

Median (IQR) 0 (0–1) 0 (0–1) <.001 —

Mean � SD 0.44 � 0.79 0.69 � 1.10 — –0.25b (–0.39 to –0.11)

NOTE. Values are % (n), unless otherwise indicated.
CI, confidence interval; IQR, interquartile range; LCI, linked color imaging; MD, mean difference; RR, risk ratio; SD, standard deviation; WLI, white light imaging.
aThe intervention effect for dichotomous outcomes was assessed by the RR.
bThe intervention effect for continuous outcomes was assessed by the MD.
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.002) or adenomas (29.8% vs 42.7%; RR, 0.70; 95% CI,
0.57 to 0.85; P < .001) was significantly lower in the LCI
than WLI group. There was no significant difference in
the proportion of patients with missed advanced ade-
nomas between the 2 groups. The first observation using
LCI resulted in significantly fewer missed polyps (P ¼
.002) or adenomas (P < .001) per patient.

In a stratified analysis between high- and low-
detectors, according to the median ADR by WLI, no
high detectors with ADR above 60% improved the ADR
by LCI, but low detectors with ADR of 60% or less
showed overall improvement (Supplementary Table 1).
Moreover, in the correlation analysis of the difference of
ADR by WLI, there was a strong negative correlation
between the improvement ratio calculated by LCI-ADR/
WLI-ADR and ADR using WLI (rs ¼ 0.905, P < .001)
(Supplementary Figure 2).

The learning curves for LCI and WLI were similar
(Supplementary Figure 3).

Furthermore, in a subanalysis that evaluated the dif-
ferences between the surveillance colonoscopy interval
recommendation (SCIR) determined only by the first
observation and the true SCIR, taking into account
missed adenomas in the first and second observations,
based on the U.S. guideline,18 the rate of patients with
altered SCIR was significantly lower in the LCI group
than in the WLI group (12.9% vs 18.8%; RR, 0.69; 95%
CI, 0.48 to 0.97; P ¼ .032) (Supplementary Figure 4).

Per-Lesion Analysis. During the first observation, 698
polyps in 349 patients and 632 polyps in 351 patients
were detected in the LCI and WLI groups, respectively
(Supplementary Table 2). Histopathologically, 547
(78.4%) and 500 (79.1%) polyps were classified as ad-
enomas with low-grade dysplasia and 39 (5.6%) and 33
(5.2%) as adenomas with high-grade dysplasia in the LCI
and WLI groups, respectively. In the LCI and WLI groups,
19 (2.7%) and 13 (2.1%) SSLs were detected, respec-
tively. The remaining 111 and 99 polyps in each group
contained inflammatory polyps or hyperplastic polyps
that were misclassified as neoplastic lesions at optical
characterization. No invasive cancer was missed in either
group.

The total adenomas found in the first and second
observations were 738 and 774 lesions, and the missed
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adenomas included 152 and 241 lesions in the LCI and
WLI groups, respectively (Table 3). The AMR was
significantly lower in the LCI group than in the WLI
group (20.6% vs 31.1%; RR, 0.66; 95% CI, 0.55 to 0.79;
P < .001). In addition, the AMR for <10-mm lesions
was significantly lower in the LCI group than WLI
group (�5 mm: 23.4% vs 35.1%; RR, 0.67; 95% CI, 0.55
to 0.81; P < .001; 6–9 mm: 15.8% vs 25.3%; RR, 0.62;
95% CI, 0.39 to 0.99; P ¼ .043). The AMRs for non-
polypoid lesions were 25.6% and 37.9% in the LCI and
WLI groups, respectively; the AMR was significantly
different between the groups (RR, 0.68; 95% CI, 0.56 to
0.81; P < .001). Significant differences in the AMR were
detected in a wide range of locations, including the
ascending colon, transverse colon, sigmoid colon, and
rectum. In the analysis by location, AMR was higher in
the left colon in the WLI group (P ¼ .006), but there
was no significant difference in the LCI group
(Supplementary Table 3).
Visibility Analysis

During the first observation, the mean visibility
scores in the LCI group were significantly better than
those in the WLI group (3.31 � 0.70 vs 3.20 � 0.74;
MD, 0.11; 95% CI, 0.02 to 0.19; P ¼ .012), specifically
for diminutive and nonpolypoid adenomas (Table 4). In
the second observation, the mean visibility scores of
adenomas were similar in both groups, except for
polypoid lesions (LCI group vs WLI group: 2.93 � 0.62
vs 3.24 � 0.60; MD, –0.32; 95% CI, –0.62 to –0.01; P ¼
.042). The mean visibility scores of missed adenomas
were significantly lower in both groups compared with
Table 3.Miss Rate Analysis of Adenomas in the LCI and WLI G

LCI group WL

All 20.6 (152/738) 31.1

Size
�5 mm 23.4 (127/542) 35.1
6–9 mm 15.8 (23/146) 25.3
�10 mm 4.0 (2/50) 9.

Morphology
Nonpolypoid 25.6 (125/488) 37.9
Polypoid 10.8 (27/250) 15.7

Location
Cecum 14.0 (7/50) 16.
Ascending colon 16.6 (32/193) 25.7
Transverse colon 22.3 (47/211) 32.5
Descending colon 26.3 (20/76) 35.
Sigmoid colon 26.8 (41/153) 39.3
Rectum 9.1 (5/55) 30.

NOTE. Values are % (n/n), unless otherwise indicated.. Morphology was describe
CI, confidence interval; LCI, linked color imaging; RR, risk ratio; WLI, white light i
those of adenomas detected during the first
observation.

Furthermore, the LCI group was superior to the WLI
group in the visibility score of adequate bowel prepara-
tion (3.38 � 0.65 vs 3.15 � 0.76; MD, 0.23; 95% CI, 0.10
to 0.37; P < .001) leading to improvement of the AMR
(24.0% vs 34.3%; RR, 0.69; 95% CI, 0.55 to 0.89; P ¼
.005) (Table 5).
Discussion

This is a prospective, randomized, tandem colonos-
copy trial that directly compared the performance of LCI
with WLI, and evaluated the ADR, AMR, and visibility
scores by observing the entire colon.

LCI provides a brighter image than BLI-bright mode,
by maintaining a stronger white light spectrum. Yoshida
et al. showed that the mean polyp visibility scores for LCI
were significantly higher than those for WLI and BLI-
bright.19 Min et al10 reported that the ADR was signifi-
cantly higher for LCI than for WLI using a crossover
design. However, they described the sample size as
insufficient, and did not mention AMR.

In this study, LCI did not significantly improve the
total ADR during the first colonoscopy compared with
WLI. Paggi et al20 reported that high detectors with an
ADR above 40% using WLI could potentially benefit from
using LCI. Our correlation analysis and stratified analysis
of endoscopists showed that the superiority of LCI is not
guaranteed for endoscopists with very high ADR, above
60% by WLI. Conversely, we expect LCI to be potentially
more useful to endoscopists with relatively low ADR
using WLI, including general endoscopists.
roups

Adenoma miss rate

I group P value RR (95% CI)

(241/774) <.001 0.66 (0.55 to 0.79)

(198/564) <.001 0.67 (0.55 to 0.81)
(37/146) .043 0.62 (0.39 to 0.99)

4 (6/64) .265 0.43 (0.10 to 1.77)

(204/538) <.001 0.68 (0.56 to 0.81)
(37/236) .112 0.69 (0.43 to 1.09)

4 (10/61) .728 0.85 (0.34 to 2.03)
(53/206) .026 0.64 (0.44 to 0.95)
(68/209) .018 0.69 (0.50 to 0.94)

0 (28/80) .240 0.75 (0.46 to 1.21)
(70/178) .019 0.68 (0.49 to 0.93)

0 (12/40) .009 0.31 (0.12 to 0.75)

d according to the Paris classification16

maging.



Table 4.Mean Visibility Scores of Adenomas Classified by Each Observation

First observation Second observation
First vs second

observation, P value

LCI group WLI group

P Value

LCI group WLI group

P value LCI group WLI group(LCI mode) (WLI mode) (WLI mode) (WLI mode)

All 3.31 � 0.70 3.20 � 0.74 0.012 2.75 � 0.63 2.78 � 0.68 0.706 <.001 <.0001

Size

�5 mm 3.21 � 0.70 3.04 � 0.70 <.001 2.76 � 0.61 2.76 � 0.68 0.988 <.001 <.001

6–9 mm 3.52 � 0.67 3.55 � 0.67 0.718 2.70 � 0.77 2.84 � 0.65 0.443 <.001 <.001

�10 mm 3.65 � 0.57 3.58 � 0.72 0.599 2.50 � 0.71 2.83 � 0.98 0.680 .007 .025

Morphology

Nonpolypoid 3.11 � 0.70 2.94 � 0.71 0.002 2.72 � 0.63 2.69 � 0.67 0.764 <.001 <.001

Polypoid 3.63 � 0.55 3.65 � 0.53 0.789 2.93 � 0.62 3.24 � 0.60 0.042 <.001 <.001

NOTE. Values are mean � SD.
LCI, linked color imaging; WLI, white light imaging.
Morphology was described according to the Paris classification.16
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The AMR varies even for endoscopists with high
ADRs3 and is attracting attention as a secondary quality
indicator. Currently, there are no data to support the link
between AMR and the risk of interval cancer, but it can
be assumed that the AMR partly contributes to the risk.
Two previous studies showed that LCI could reduce the
rate of missed neoplastic lesions in the right colon.21,22

Although these results may be clinically significant,
because the right colon has a higher rate of missed
neoplastic lesions and has flatter lesions with a high
malignant potential,23 the studies did not evaluate the
detection of neoplastic lesions with LCI in the entire
colon. We found that most of the missed lesions were
diminutive, and that LCI improved AMR throughout the
colon, especially in subcentimetric adenomas. Although a
lower AMR for diminutive adenomas with cap-fitted co-
lonoscopy has been reported,24 our results indicate that
LCI may further reduce the AMR of diminutive ade-
nomas. It remains unclear whether detection and
removal of diminutive adenomas will reduce the inci-
dence of interval cancer. However, according to our
subanalysis of SCIR, the lower miss rate of sub-
centimetric adenomas by LCI enables higher levels of
surveillance colonoscopies compared with WLI and may
reduce interval cancer. Flat and depressed lesions tend
to disappear easily into the surroundings, despite their
malignant potential.23 Suzuki et al25 reported that LCI
improved the endoscopic visibility of nongranular flat
lesions. We further found that LCI significantly reduced
the AMR of nonpolypoid lesions compared with WLI. LCI
could reduce the AMR in wide areas of the colon. LCI may
be useful in detecting whole colon adenomas as well as
previously reported efficacy in the proximal colon.21,22

The separate analysis of the right and left colons
showed no significant difference in AMR in the LCI
group. However, the AMR was lower in the right colon in
the WLI group, which may be due to an increased
number of adenomas detected because of the hood,
especially in the right colon. Despite the high ADR re-
sults, it is also true that both modalities still missed more
than 20% of adenomas. Determining the best method for
optimizing screening colonoscopies remains a matter for
future research.

In the visibility score analysis, the efficacy of LCI was
confirmed in the examination of nonpolypoid or dimin-
utive adenomas. In the second observation, the polypoid
adenomas missed in the first observation with LCI had a
significantly lower visibility score than those observed
with WLI. Although the polypoid adenomas are relatively
easy to see, this result suggests that LCI facilitates easier
detection of slightly red or nonreddish polypoid
adenomas.

Optimal bowel cleansing is crucial for viewing, and it
is true that even a small amount of residual stool di-
minishes polyp detection.6 Atkinson et al6 reported that
patients with the best bowel preparation showed sig-
nificant differences in ADR compared with those with
adequate bowel preparation using NBI and WLI. In this
study, we assessed the efficacy of LCI for each dichoto-
mized BBPS score. In patients with excellent preparation,
differences between high ADRs or high visibility scores
in both groups are likely to be small, making it difficult to
detect significant differences; however, the AMR was
significantly different. LCI was considered to have
improved the adenoma visibility in patients with
adequate preparation, resulting in a lower AMR.

This study has some limitations. First, this was a
single-center study. In this setting, a single-center study
allowed all conditions to be uniform; however, assess-
ment of the utility of LCI in detecting adenomas requires
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an external validation study with a multicenter trial.
Second, many endoscopists served as experts in this
study. This may lead to potential bias in that differences
in endoscopist characteristics can be reflected in the
results of adenoma detection. Third, although AMR was
often evaluated in the tandem studies, it did not always
reflect the true miss rate with consideration for missed
lesions in both observations. However, there is no way to
actually recognize the number of missed lesions. Fourth,
WLI was used during the insertion phase in each group.
Insertion using LCI could have led to a more accurate
evaluation of LCI performance. Fifth, this study focused
primarily on average-risk patients, who make up most of
the population; therefore, our findings may not be clini-
cally significant for high-risk patients. Sixth, the useful-
ness of LCI for SSLs has been reported,9 but we did not
evaluate SSLs in this study because of their small number
and the difference of visibility from adenoma with LCI.
Finally, we chose WLI, the standard modality for
screening colonoscopy, as the reference to examine the
efficacy of LCI in this study. Leung et al26 compared next-
generation NBI with LCI and its findings indicated that
NBI had a higher ADR than LCI. However, data remain
insufficient. We believe that the current research pro-
vides direction for additional studies such as including
trainees, focusing on high-risk patients, and head-to-head
comparison studies of LCI with other eIEEs.

In conclusion, we did not find a significant difference
for ADR between the WLI and LCI groups; however, the
LCI improved the ADR in lower detectors. Our data
suggest that LCI makes a significant difference in AMR,
particularly in detecting diminutive or nonpolypoid ad-
enomas, even for expert endoscopists with a high ADR.

Supplementary Data

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2021.04.004.
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Supplementary Figure 1. Study flowchart. LCI, linked color imaging; WLI, white light imaging.

Supplementary Figure 2. Correlation between adenoma
detection rate (ADR) using white light imaging (WLI) and in-
cremental ratio of ADR using linked color imaging (LCI) at
each endoscopist.
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Supplementary Figure 3. Comparison of learning curves in adenoma detection rate (ADR) of linked color imaging (LCI) and
white light imaging (WLI).
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Supplementary Figure 4. Comparison of changes in surveillance colonoscopy interval recommendation (SCIR) based on U.S.
guideline. This SCIR is based on the guideline of the U.S. Multi-Society Task Force. *Missed advanced-adenomas (n ¼ 2) or
missed adenomas (total adenomas �3, n ¼ 23). †Missed adenomas (total adenomas �3). ‡Missed adenomas (total
adenomas <3).

Supplementary Table 1. Differences in LCI Performance Among Endoscopists Stratified by High and Low ADR Based on WLI

Adenoma detection rate

P value RR (95% CI)LCI WLI

High detectorsa 65.0 (132/203) 69.7 (136/195) .316 0.93 (0.82–1.07)

Low detectorsb 76.0 (111/146) 55.1 (86/156) <.001 1.38 (1.17–1.61)

NOTE. Values are % (n/n).
CI, confidence interval; LCI, linked color imaging; RR, risk ratio; WLI, white light imaging.
aHigh detectors defined as 7 endoscopists with median ADR in WLI above 60%.
bLow detectors defined as 7 endoscopists with median ADR in WLI of 60% or less.
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Supplementary Table 2. Detected Colorectal Polyps During
the First Colonoscopy

LCI group WLI group P value

All 698 632

Size

�5 mm 498 (71.3) 441 (69.8) .531

6–9 mm 136 (19.5) 132 (20.9) .524

�10 mm 64 (9.2) 59 (9.3) .917

Morphology

Non-polypoid 449 (64.3) 409 (64.7) .882

Polypoid 249 (35.7) 223 (35.3) .882

Location

Cecum 56 (8.0) 62 (9.8) .252

Ascending colon 187 (26.8) 185 (29.3) .314

Transverse colon 185 (26.5) 156 (24.7) .448

Descending colon 64 (9.2) 59 (9.3) .917

Sigmoid colon 139 (19.9) 132 (20.9) .660

Rectum 67 (9.6) 38 (6.0) .015

Histological findings

HP 88 (12.6) 86 (13.6) .589

SSL 19 (2.7) 13 (2.1) .429

Inflammatory polyp 5 (0.7) 0 (0) .033

Adenoma with low-grade
dysplasia

547 (78.4) 500 (79.1) .740

Adenoma with high-grade
dysplasia

39 (5.6) 33 (5.2) .768

NOTE. Values are n or n (%). Morphology was described according to the Paris
classification.16

HP, hyperplastic polyp; LCI, linked color imaging; SSL, sessile serrated lesion;
WLI, white light imaging.

Supplementary Table 3. Differences in Adenoma Miss Rate Examined Separately for the Right and Left Colon

Adenoma miss rate

P value RR (95% CI)Right colon Left colon

LCI group (LCI-WLI) 18.9 (86/454) 23.2 (66/284) .160 0.82 (0.62–1.09)

WLI group (WLI-WLI) 27.5 (131/476) 36.9 (110/298) .006 0.75 (0.61–0.92)

NOTE. Values are % (n/n).
CI, confidence interval; LCI, linked color imaging; RR, risk ratio; WLI, white light imaging.
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