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Comparison of linked color imaging and white-light
colonoscopy for detection of colorectal polyps: a multicenter,
randomized, crossover trial
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Background and Aims: Linked color imaging (LCI), a recently developed technology, uses a laser endoscopic
system to enhance the color separation of red color to depict red and white colors more vividly. The benefits of
LCI in the detection of colorectal polyps remain unknown. The aim of this study was to assess the ability of LCI to
improve the detection of colorectal polyps compared with white-light (WL) endoscopy.

Methods: We performed a multicenter, crossover, prospective, randomized controlled trial in 3 hospitals in China.
All patients underwent crossover colonoscopies with LCI and WL endoscopy in a randomized order. All lesions were
removed during the second endoscopic procedure. The primary outcome measure was the difference in sensitivity
between LCI and WL endoscopy for the detection of colorectal polyps. The secondary outcome measures were the
adenoma detection rate per patient in the 2 groups and the factors associated with polyp miss rates.

Results: A total of 152 patients were randomized, and 141 were included in the analysis. The overall polyp detec-
tion rate increased significantly by 24% for LCI colonoscopy, corresponding to a higher sensitivity with LCI than
with WL endoscopy (91% vs 73%, P < .0001). Furthermore, LCI identified significantly more patients (32%) with
polyps. The per-patient adenoma detection rate was significantly higher for LCI than for WL endoscopy (37% vs
28%; 95% confidence interval, 2.39%-19.41%).

Conclusions: LCI improves the detection of colorectal polyps and adenomas during colonoscopy. (Clinical trial
registration number: NCT02724397.) (Gastrointest Endosc 2017;86:724-30.)

INTRODUCTION

Colorectal cancer (CRC) arises from pre-existing ade-
nomas over the course of many years, and the removal

of such adenomas during colonoscopy can prevent CRC.1

However, many polyps are missed during colonoscopy
screening. Previous studies have shown a polyp miss rate
of 20% to 26% during colonoscopy,2,3 and reports of

Abbreviations: BBPS, Boston Bowel Preparation Scale; BLI, blue laser im-
age; CRC, colorectal cancer; IEE, image-enhanced endoscopic; LCI,
linked color imaging; NBI, narrow-band imaging; WL, white light.
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missed cancers identified after colonoscopy have recently
increased.4,5 Furthermore, flat and depressed adenomas
are often not visible during white-light (WL) endoscopy.
Polyp detectability depends on many factors, and one of
the most important factors is polyp visibility. Detection
rates are expected to improve with optimized visualization
methods. There is great interest in developing techniques
that may improve polyp detection in the colorectal region
during colonoscopy. Several image-enhanced endoscopic
(IEE) systems that enhance the mucosal vasculature and/
or architecture without the use of dye have been devel-
oped. Many clinical studies have reported an improvement
in the detection rate of colonoscopy using IEE systems
such as narrow-band imaging (NBI), flexible spectral imag-
ing, and autofluorescence imaging.6-8

Linked color imaging (LCI) was recently developed and
uses a laser endoscopic system (Fujifilm Co, Tokyo, Japan)
that acquires images by simultaneously using narrow-band
short-wavelength light and WL in an appropriate balance.
LCI is a new image-enhancing technology that is intended
to enhance slight color differences in the red region of the
mucosa.9 The acquired color information is reallocated to
differentiate colors that are similar to the mucosal color,
resulting in improved performance in depicting blood
vessels, and additional image processing that enhances
color separation for red color permits clear visualization
of red blood vessels and white pits.10 Bright LCI is
available, even with non-magnifying endoscopes, and pro-
vides sufficient light intensity via the combined images of
spectral laser light and WL that are produced by another
spectral laser. This modality may increase the detection
rate of colorectal polyps by enhancing the visibility of
colonic mucosal vessels.

No published data are available regarding detection of
colorectal polyps or adenomas with LCI. In this study, we
performed a multicenter, randomized, crossover trial to
compare the detection of colorectal polyps using LCI and
WL endoscopy.

METHODS

Patients
This study was performed between May and

September 2016 in 3 hospitals in China, including 1 aca-
demic hospital (Affiliated Hospital of Academy of Military
Medical in Beijing) and 2 regional hospitals (The People’s
Hospital of Guangxi Zhuang Autonomous Region in
Guangxi and Shanghai Tenth People’s Hospital in
Shanghai). Consecutive adult patients undergoing outpa-
tient colonoscopy at the 3 hospitals were invited to partic-
ipate in this prospective randomized study. Patients were
excluded if they were unable to provide informed consent
or had undergone previous resection of the colon, had
inflammatory bowel disease, familial adenomatous
polyposis, Peutz-Jeghers syndrome, or other polyposis

syndromes. In addition, patients were excluded from
randomization if either the cecum could not be intubated
or the quality of the bowel preparation was inadequate
(Boston Bowel Preparation Scale [BBPS] score <2 in
any segment of the colon).11

All patients provided written informed consent to partic-
ipate in this study. Eligible patients were randomly allocated
1:1 to either the LCI-WL or WL-LCI group. Randomization
was performed using a computer-generated random num-
ber sequence and allocation was kept in a sealed envelope.
The study was approved by the Institutional Review Board
of the Affiliated Hospital of Academy of Military Medical ac-
cording to the Consolidated Standards of Reporting Trials
guidelines and was registered at ClinicalTrials.gov (study
number: NCT02724397).

Study design
This study had a randomized crossover design (Fig. 1).

Patients were randomly allocated to 1 of 2 arms: (1) LCI-WL
group: first inspection with LCI followed by a second in-
spection with WL endoscopy; or (2) WL-LCI group: first in-
spection with WL endoscopy followed by a second
inspection with LCI. After the first endoscopic procedure,
the first endoscopist left the endoscopy suite, and a second
experienced endoscopist, who was unaware of the results
of the first endoscopic procedure, performed the second
endoscopic procedure with the alternative endoscopic
method. Polyps detected during the first examination
were not removed immediately. All lesions were removed
during the second procedure and sent for histology. The
colon was divided into 6 segments (cecum, the ascending,
transverse, descending, and sigmoid colon, and rectum),
and in cases in which lesions were detected during the first
endoscopic procedure but missed by the second proced-
ure, an independent observer notified the endoscopist
immediately after the endoscopist finished inspecting the
relevant segment. All polyps that were 3 mm or larger
were removed immediately during the second inspection.
The size (measured with open biopsy forceps), location,
and morphology of all polyps were noted on a case record
form by an independent observer.

Endoscopic equipment and setting
All procedures were performed with a high-definition

GF-L590WR endoscope that was part of a LASEREO endo-
scopic system (Fujifilm Co, Tokyo, Japan). This system has
2 lasers with different wavelengths. One is a WL laser
(wavelength 450 � 10 nm), which provides wide-
spectrum WL illumination suitable for general observation.
The other is a blue laser image (BLI) mode laser (wave-
length 410 � 10 nm) with a short wavelength and narrow
band. The LCI technique used in the present study is
a novel image-enhanced mode based on the BLI bright
image with additional image processing that enhances
the color separation of red colors, allowing more vivid
visualization of red and white colors.
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