
J Nippon Med Sch 2023; 90 (1) 111

―Original―

Comparison of Linked Color Imaging and White Light Imaging Colonoscopy

for Detection of Colorectal Adenoma Requiring Endoscopic Treatment:

A Single-Center Randomized Controlled Trial

Shu Tanaka1, Jun Omori2, Aitoshi Hoshimoto2, Takayoshi Nishimoto2,

Naohiko Akimoto2, Atsushi Tatsuguchi2, Shunji Fujimori3 and Katsuhiko Iwakiri2

1Department of Gastroenterology, Nippon Medical School Tama Nagayama Hospital, Tokyo, Japan
2Department of Gastroenterology, Nippon Medical School Hospital, Tokyo, Japan

3Department of Gastroenterology, Nippon Medical School Chiba Hokusoh Hospital, Chiba, Japan

Background: Linked color imaging (LCI) improves detection of colorectal neoplastic lesions during

colonoscopy. However, polyps <5 mm in diameter often do not require resection, and the benefits of

LCI are unclear for detection of colorectal polyps ≥5 mm that are indicated for endoscopic resection in

clinical practice. This randomized controlled trial compared rates of detection of adenoma polyps,

stratified by size, for LCI and white light imaging (WLI).

Methods: We compared ADR(5 mm-) and PDR(5 mm-), which were defined as the proportion of pa-

tients with at least one adenoma or polyp with a diameter of 5 mm or larger in the LCI and WLI

groups. Moreover, we estimated ADR and PDR for diameters between 5 and 10 mm (ADR(5-9 mm),

PDR(5-9 mm)) and for diameters larger than 10 mm (ADR(10 mm-), PDR(10 mm-)).

Results: Data from 594 patients (LCI, n=305; WLI, n=289) were analyzed. ADR(5 mm-) and PDR(5 mm-)

were significantly higher in the LCI group than in the WLI group (ADR(5 mm-): P=0.016, PDR(5 mm-):

P=0.020). In the assessment of adenoma and polyp size, ADR(5-9 mm) and PDR(5-9 mm) were signifi-

cantly higher in the LCI group than in the WLI group, although no significant differences were seen in

ADR(10 mm-) and PDR(10 mm-) between these groups.

Conclusions: Polyps ≥5 mm, which are indicated for endoscopic treatment, were more easily visualized

with LCI mode than with WLI mode. The improvement in detection rate was obvious for polyps <10

mm, which are easier to miss. (J Nippon Med Sch 2023; 90: 111―120)
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Introduction

Colorectal cancer (CRC) has a good prognosis when de-

tected and treated early. Several studies reported a 5-year

survival rate of 60-80% for patients with stage II or better

colorectal cancer and no lymph node or distant metasta-

sis1―4. Furthermore, the National Polyp Study in the

United States found that endoscopic removal of adeno-

matous polyps reduced the risk of death from colorectal

cancer5. Thus, early detection and treatment are much

more effective for CRC than for several other carcinomas.

Colonoscopy is the gold standard for detection of CRC

and adenomas, its precursor lesions. However, studies

have reported a substantial adenoma miss rate of 20-

26%6. The adenoma detection rate (ADR) is considered to

be the primary quality indicator in CRC prevention, be-

cause of its association with the risk of interval cancer,

and each 1.0% increase in ADR was associated with a

3.0% decrease in the risk of cancer and a 5.0% decrease

in the CRC mortality rate7. Several studies have shown

improvements in ADR with cap-assisted endoscopy,

image-enhanced colonoscopy, and narrow-band imaging

(NBI)8―14. In 2012, a novel endoscopic system (LASEREO;
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Fig.　1　A representative adenomatous polyp
a: white light imaging, b: linked color imaging 

a

b

Fujifilm Co, Tokyo, Japan) was developed. It uses a semi-

conductor laser light source that combines two types of

lasers to achieve a narrow-band light observation func-

tion, blue laser imaging (BLI)15―19, which improved detec-

tion of minute changes on the surface of the mucosa and

polyp visibility20,21. In 2014, linked color imaging (LCI)

was developed as a novel image-enhanced endoscopic

system that enhances slight color differences in the red

region of the mucosa. The acquired color information is

reallocated to differentiate colors that are similar to the

mucosal color, resulting in additional image processing

that enhances color separation. LCI visualizes red lesions

as even redder and white lesions as whiter. The differ-

ence in color between a colon polyp and the surrounding

mucosa is increased, resulting in easier polyp recognition

(Fig. 1). Several recent studies reported that LCI mode

improved visibility and detection of colorectal polyps as

compared with white light imaging (WLI) mode22. Other

studies reported that LCI increased visibility of colorectal

flat lesions and improved the detection rate for these le-

sions. It is likely that ADR is improved by using LCI

mode during total colonoscopy23. Similar results were re-

ported for sessile serrated lesions (SSL). A recent prospec-

tive randomized controlled trial (RCT) concluded that

LCI was the most sensitive mode for SSL detection

among WLI, BLI, BLI-bright, and LCI mode24. In addi-

tion, multiple studies reported that LCI mode was better

for detecting flat and very small lesions.

Small polyps (<5 mm in diameter) are not usually re-

sected in practice, as they rarely increase in size or

change morphologically even after 2-3 years. Those that

do change have a low rate of progression to colorectal

cancer (0.03-0.05%). However, complications occur in

0.7% of polypectomy cases. When we consider the

benefit-risk ratio, removing all polyps <5 mm would not

justify the increase in risk for healthy people and impose

unnecessary costs on society25,26. Conversely, polyps ≥5

mm are more likely than smaller polyps to be associated

with carcinoma27,28. Since it is often difficult to classify

polyps ≥5 mm as adenoma or cancer morphologically,

they are strongly indicated for endoscopic resection29,30.

Thus, polyps ≥5 mm are commonly removed endoscopi-

cally. Polyps ≥10 mm are rarely missed during colono-

scopy; one study reported a miss rate of 2.1% for adeno-

mas ≥10 mm6. Therefore, we assumed that increasing the

detection rate for adenomatous polyps with diameters of

5-10 mm, which are associated with increased risk of de-

veloping cancer and are likely to be missed, would effec-

tively increase the ADR while lowering the risk of cancer.

However, the clinical usefulness of LCI for detecting col-

orectal polyps ≥5 mm that are indicated for endoscopic

resection is unknown. This study investigated whether

LCI mode improves the detection rate of colorectal pol-

yps indicated for endoscopic treatment, by comparing

the ADR for polyps with a diameter ≥5 mm (ADR(5

mm-)), and the mean number of adenomas ≥5 mm per

patient, between LCI and WLI. In addition, we evaluated

detection rates, in relation to size, for diameters of 5-10

mm and ≥10 mm.

Materials and Methods

Study Design

This study was a prospective single-center RCT.

Patients

A total of 646 patients underwent total colonoscopy at

Nippon Medical School Hospital between January 2018

and July 2019. Nine endoscopists (five experts and four

trainees) performed the colonoscopies. We defined an ex-

pert as an endoscopist with >5 years of colonoscopy ex-

perience and a trainee as an endoscopist who had per-
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Table　1　Gloucester Comfort Score

Score Scale Descriptor

1 No No discomfort-resting comfortably throughout
2 Minimal One or two episodes of mild discomfort, well tolerated
3 Mild More than two episodes of mild discomfort, adequately tolerated
4 Moderate Significant discomfort, experienced several times during the procedure
5 Severe Extreme discomfort, experienced frequently during the procedure

Table　2　The Boston Bowel Preparation Scale

Score Description

0 Unprepared colon segment with mucosa not seen because of solid stool that cannot be cleared.

1 Portion of mucosa of the colon segment seen, but other areas of the colon segment are not well 
seen because of staining, residual stool, and/or opaque liquid.

2 Minor amount of residual staining, small fragments of stool, and/or opaque liquid, but mucosa 
of the colon segment is seen well.

3 Entire mucosa of the colon segment seen well, with no residual staining, small fragments of 
stool, and/or opaque liquid.

formed at least 500 colonoscopies but had <5 years of ex-

perience.

Patients aged 20 to 80 years (410 men, 236 women)

were enrolled in this study if they had been scheduled

for colonoscopy for one of the following indications: a

positive fecal immunochemical test (FIT), screening, he-

matochezia, abdominal symptoms, bowel movement dis-

order, and polyp surveillance. Exclusion criteria included

polyposis syndromes, inflammatory bowel disease, previ-

ous total or partial colonic resection, history of colono-

scopy during the previous 2 years, possible colonic stric-

ture, and acute abdominal pain or severe inflammation.

Patients in poor general condition (for whom colono-

scopy was considered a high-risk procedure), those un-

able to provide informed consent, and those for whom

coloscopy was contraindicated, as determined by the

physician in charge, were also excluded. Written in-

formed consent was obtained from each patient before

the procedure. This study was approved by the medical

ethical committees of Nippon Medical School (approval

number 229005).

Randomization and Masking

Computer generated block randomization was used to

allocate eligible patients (n=594) at a ratio of 1:1 to the

LCI group or WLI group before colonoscopy (open-

label). Randomization was stratified by using an elec-

tronic information collection system (EDC: electric data

capture). All data, including the findings of clinical ex-

aminations, were collected electronically and managed by

EDC from the onset of the study.

Endoscopic Procedure

All patients underwent standard bowel preparation

comprising oral intake of 2 L of transparent fluid and 2 L

of hypertonic polyethylene glycol solution at home. EC-L

600ZP7 (LASEREO, Fujifilm Co) scopes and CO2 insuffla-

tion were used for all colonoscopies. Antispasmodics (bu-

tylscopolamine or glucagon) were administered to most

patients, and some colonoscopies were performed under

conscious sedation with intravenous midazolam or fluni-

trazepam, at the discretion of the endoscopist. In the WLI

group, cecal intubation and withdrawal of the scope

were performed in WLI mode during the full procedure,

and cecal intubation and withdrawal of the scope were

all performed in LCI mode in the LCI group.

All polyp features detected during colonoscopy, includ-

ing site, estimated size, and morphology, were reported

by each endoscopist. Polyp size was estimated by experi-

ence and the discretion of the endoscopist. Morphology

was recorded on the basis of Paris Endoscopic Classifica-

tion. All polyps ≥5 mm in diameter were retrieved endo-

scopically and analyzed histopathologically. The degree

of patient discomfort was estimated by using the

Gloucester Comfort Score, which ranges from no discom-

fort (1) to severe discomfort (5) (Table 1)31. Bowel cleanli-

ness was judged with the Boston Bowel Preparation Scale

(BBPS), with scores ranging from 3 (complete segment

without feces, good visualization) to 0 (solid feces, not

evaluable) (Table 2)32. All colonoscopies were performed

by endoscopists who had an experience of at least 500

colonoscopies. All patients were independently evaluated
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Fig.　2　Flowchart of study design
LCI: linked color imaging, WLI: white light imaging

Randomized (n=646)

Allocated to LCI (n=323) Allocated to WLI (n=323)

Received WLI (n=323)Received LCI (n=323)

insu cient bowel 
prepara on (n=18 )

insu cient bowel 
prepara on (n=34 )

Per-protocol analyses LCI mode 
(n=305 )

Per-protocol analyses WLI mode 
(n=289 )

for adverse events at 2 weeks after colonoscopy.

Outcomes

The primary outcome was ADR, defined as the propor-

tion of patients with at least one adenoma measuring ≥5

mm in diameter (ADR(5 mm-)), and PDR was defined as

the proportion of patients with at least one polyp meas-

uring ≥5 mm in diameter (PDR(5 mm-)). In addition, we

calculated ADR(5 mm-) and PDR(5 mm-) separately for

experts and trainees. Similarly, the total number of ade-

nomas ≥5 mm per patient (APC: adenomas per colono-

scopy) and total number of all polyps ≥5 mm per patient

(PPC: polyps per colonoscopy) were compared between

the two groups. We also calculated ADR, PDR, APC, and

PPC for adenomas and polyps with diameters of 5-10

mm (ADR(5-9 mm), PDR(5-9 mm)) and diameters ≥10

mm (ADR(10 mm-), PDR(10 mm-)) in both groups. As a

secondary outcome, we compared polyp morphology

and site in both groups. We also evaluated cecal intuba-

tion rate, cecal intubation time, withdrawal time (which

is observation time in cases without polyp detection),

bowel preparation (BBPS), patient discomfort (Gloucester

Comfort Scale), and complications.

Sample Size Calculation and Statistical Analysis

There are no reports of ADR for polyps ≥5 mm, so the

evidence is unclear. However, a previous study of LCI

for all adenomas reported an ADR of 34-56% in an LCI

group and 26-43% in a WLI group33. On the basis of pre-

vious studies, we assumed an ADR(5 mm-), ie, the ADR

for lesions ≥5 mm, of about 20% for the WLI group and

about 35% for the LCI group. To demonstrate a 10% in-

crease with a 5% significance level and 80% power using

a two-sided test and an allocation ratio of 1:1, 600 pa-

tients would be required. Accordingly, we set an enroll-

ment goal of 650 patients.

All patients who successfully underwent complete

colonoscopies were assessed in the per-protocol analysis

as the target population, after excluding those with in-

complete colonoscopies due to stricture or poor bowel

preparation. Patients for whom insertion to the cecum

was impossible or with a poorly prepared bowel (BBPS

score <2) were also excluded. A P value of <0.05 was

considered statistically significant. We analyzed outcomes

by using Fisher’s exact test and the Mann-Whitney U test

as the nonparametric statistical method. Analyses were

performed with SPSS statistical software package version

25 (IBM Co., New York, NY, USA).

Results

Patient Characteristics

A total of 646 consecutive patients satisfied the inclu-

sion criteria, and all these patients consented to partici-

pate in the study. Among this initial pool of patients, 52

(LCI group, n=18; WLI group, n=34) were excluded from

the study because of poor bowel preparation (BBPS 0 or

1), and the remaining 594 patients (LCI group, n=305;

WLI group, n=289) were enrolled in the study (Fig. 2).

No significant difference was seen in mean age or gender

between the LCI group and WLI groups. The most com-

mon indication for colonoscopy was a positive FIT result,

and no significant difference was seen between groups;

the LCI group consisted of 217 patients (71.7%) and the

WLI group of 214 patients (74.0%) (Table 3).

Polyp and Adenoma Detection Rates in the LCI and

WLI Groups

ADR(5 mm-) was significantly higher in the LCI group

than in the WLI group (35.1% vs 26.0%, P=0.016). Simi-
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Table　3　Baseline demographic characteristics of patients

LCI mode (n=305) WLI mode (n=289) p value

Age 53.9 (22-79) 52.2 (22-79) n.s.
Males 194/305 (63.6%) 177/289 (61.2%) n.s.

Colonoscopy indication

FIT (+) 217 (71.1%) 214 (74.0%) n.s.
screening ※ 43 (14.1%) 36 (12.5%) n.s.
hematochezia 23 (7.5%) 20 (6.9%) n.s.
abdominal symptoms 11 (3.6%) 6 (2.1%) n.s.
bowel movement disorder 6 (2.0%) 10 (3.5%) n.s.
polyp surveillance 5 (1.6%) 3 (1.0%) n.s.

※screening: high tumor marker, preoperative exam, staging (other malignancies), 

anemia, body weight loss, malignancy check

Table　4　Rates of polyp and adenoma detection in the LCI and WLI groups

LCI mode (n=305) WLI mode (n=289) p value

Adenomas

 ADR (5 mm) 35.1% (107/305) 26.0% (75/289) 0.016

 APC (5 mm) 0.61 (187/305) 0.46 (134/289) 0.023

All Polyps

 PDR (5 mm) 39.3% (120/305) 30.1% (87/289) 0.020

 PPC (5 mm) 0.78 (237/305) 0.53 (154/289) 0.016

ADR (5 mm): Proportion of patients with at least one adenoma ≥5 mm

APC (5 mm; adenomas per colonoscopy): Total number of adenomas ≥5 mm 

per patient

PDR (5 mm): Proportion of patients with at least one polyp ≥5 mm

PPC (5 mm; polyps per colonoscopy): Total number of polyps ≥5 mm per 

patient

larly, PDR(5 mm-) was significantly higher in the LCI

group than in the WLI group (39.3% vs 30.1%, P=0.020)

(Table 4). In addition, the APC and PPC were signifi-

cantly higher in the LCI group than in the WLI group

(APC: 0.61 vs 0.46, P=0.023; PPC: 0.78 vs 0.53, P=0.016)

(Table 4).

Polyp and Adenoma Detection, in Relation to Size, in

the LCI and WLI Groups

We analyzed ADR and PDR in relation to size for ade-

nomas and polyps measuring 5-10 mm (ADR(5-9 mm),

PDR(5-9 mm)) and ≥10 mm (ADR(10 mm-), PDR(10

mm-)). ADR(5-9 mm) and PDR(5-9 mm) were signifi-

cantly higher in the LCI group than in the WLI group

(ADR(5-9 mm): 29.5% vs 14.9%, P<0.001, PDR(5-9 mm):

33.4% vs 18.3%, P<0.001), although no statistically signifi-

cant difference was found in ADR(10 mm-) or PDR(10

mm-) between the two groups (Table 5).

Polyp and Adenoma Detection Rates in the LCI and

WLI Groups, for Experts and Trainees

We evaluated the clinical utility of LCI by calculating

ADR(5-9 mm) and PDR(5-9 mm) rates for experts and

trainees in each group. Data for both expert and trainee

colonoscopists showed a significant difference in ADR(5-

9 mm) and PDR(5-9 mm) detection rates between the LCI

and WLI groups (Table 6).

Polyp Morphology and Site in the LCI and WLI

Groups

Morphologically, 0-Is polyps were significantly more

frequently detected in the LCI group (p<0.001) than in

the WLI group, and 0-IIa polyps tended to be more often

detected in the LCI group. Regarding site, polyps were

detected significantly more frequently in the transverse

colon (P=0.02) and sigmoid colon (P=0.031) in the LCI

group (Table 7).

Other Colonoscopy Results

The cecal intubation rate was 100% in both groups.

Mean cecal intubation time was 7.2 ± 5.8 minutes in the

LCI group and 7.0 ± 5.2 minutes in the WLI group, a

nonsignificant difference. Similarly, mean withdrawal

time, defined as observation time in cases without polyp
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Table　5　Polyp and adenoma detection rates, according to size, in the LCI and WLI 
groups

LCI mode (n=305) WLI mode (n=289) p value

Adenomas size (total) 
5-9 mm
ADR (5-9 mm) 29.5% (90/305) 14.9% (43/289) <0.001
APC (5-9 mm) 0.46 (139/305) 0.19 (56/289) <0.001

10 mm-
ADR (10 mm-) 10.8% (33/305) 15.9% (46/289) n.s.
APC (10 mm-) 0.16 (48/305) 0.27 (78/289) n.s.

All Polyps size (total) 
5-9 mm
PDR (5-9 mm) 33.4% (102/305) 18.3% (53/289) <0.001
PPC (5-9 mm) 0.58 (176/305) 0.23 (67/289) <0.001

10 mm-
PDR (10 mm-) 12.4% (38/305) 17.6% (51/289) n.s.
PPC (10 mm-) 0.2 (61/305) 0.3 (87/289) n.s.

ADR (5-9 mm): Proportion of patients with at least one adenoma between 5 and 10 mm
ADR (10 mm-): Proportion of patients with at least one adenoma more than 10 mm
APC (5-9 mm): Total number of adenomas between 5 and 10 mm per patient
APC (10 mm-): Total number of adenomas more than 10 mm per patient
PDR (5-9 mm): Proportion of patients with at least one polyp between 5 and 10 mm
PDR (10 mm-): Proportion of patients with at least one polyp more than 10 mm
PPC (5-9 mm): Total number of polyps between 5 and 10 mm per patient
PPC (10 mm-): Total number of polyps more than 10 mm per patient

Table　6　Polyp and adenoma detection rates in the LCI and WLI groups for experts 
and trainees

LCI mode (n=305) WLI mode (n=289) p value

Expert endoscopist 192 190
Adenomas (5-9 mm) 
 ADR (5-9 mm) 28.6% (55/192) 15.3% (29/190) 0.002

All Polyps (5-9 mm) 
 PDR (5-9 mm) 33.3% (64/192) 17.9% (34/190) 0.001

Trainee endoscopist 113  99
Adenomas (5-9 mm) 
 ADR (5-9 mm) 31.0% (35/113) 14.1% (14/99) 0.005

All Polyps (5-9 mm) 
 PDR (5-9 mm) 33.6% (38/113) 19.2% (19/99) 0.020

detection, was 9.3 ± 3.2 minutes in the LCI group and 9.3

± 3.4 minutes in the WLI group, a nonsignificant differ-

ence. Furthermore, neither bowel preparation (BBPS) nor

patient discomfort (Gloucester Comfort Scale) signifi-

cantly differed between groups. CO2 insufflation was

used during all colonoscopies, and no complications oc-

curred during any colonoscopy (Table 8).

Discussion

To our knowledge, this is the first study to compare the

sensitivity of LCI colonoscopy to that of WLI colono-

scopy for the detection of polyps ≥5 mm. In this single-

center RCT, we analyzed the detection rate for polyps

≥5 mm and found that, as compared with WLI mode,

LCI mode yielded a significantly higher PDR(5 mm-)

(9.2%: 39.3% vs 30.1%, P = 0.018) and ADR(5 mm-) (9.1%:

35.1% vs 26%, P = 0.016).

A number of novel colonoscopy technologies have re-

cently been developed to improve detection of adenomas

and reduce miss rates. Gralnek et al. found that the ade-

noma miss rate was significantly lower for patients in a

full-spectrum endoscopy group than for those in a stan-
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Table　7　Polyp morphology and site in the LCI and WLI groups

LCI mode (n=305) WLI mode (n=289) p value

All polyps morphology (total) 237 154
Is 93 32 <0.001
Isp 58 61 0.826
Ip 27 29 0.622
IIa 57 24 0.069
other 2 8

LCI mode (n=305) WLI mode (n=289) p value

All polyps location (total) 237 154
C 11 10 0.746
A 31 22 0.663
T 49 25 0.02
D 30 18 0.326
S 91 57 0.031
R 25 15 0.556

C: cecum
A: ascending colon
T: transverse colon
D: descending colon
S: sigmoid colon
R: rectum

LCI mode (n=305) WLI mode (n=289) p value

Caecal intubation rate (%) 100.0 100.0 n.s.
Caecal intubation time (min) 7.2 ± 5.8 7.0 ± 5.2 n.s.
Withdrawal time (min) 9.3 ± 3.2 9.3 ± 3.4 n.s.
Boston Bowel Preparation Scale (0, 1, 2, 3) 2.3 ± 0.4 2.9 ± 0.3 n.s.
Gloucester Comfort Scale (1, 2, 3, 4, 5) 1.4 ± 0.7 1.1 ± 0.3 n.s.
CO2 insufflation (%) 100.0 100.0 n.s.
Adverse Event (%) 0 0 n.s.

Table　8　Colonoscopy results

dard forward-viewing endoscopy group: 7% vs 41%34.

Leufkens et al. reported that the ADR was higher for The

Third Eye Retroscope, which visualizes areas behind

folds, than for standard colonoscopy35. Halpen et al.

found that a novel balloon colonoscopy technique de-

tected significantly more adenomas than standard

colonoscopy and missed fewer adenomas (44.7% vs 7.5%,

p=0.0002)36. In 2012, the endoscopic system LASEREO

(Fujifilm Co, Tokyo, Japan) was developed. It has four

endoscopic observational modes (WLI, BLI-Bright, BLI,

and LCI) and was designed for use in diagnosis and

treatment, as well as for polyp detection. Yoshida et al.

suggested that BLI magnification via this laser source

could predict histopathological diagnosis and invasion

depth of colorectal neoplasms17,18,21. In addition, in a mul-

ticenter RCT, BLI was better than WLI in detecting ade-

nomatous lesions20. LCI is better for unmagnified obser-

vation, because it enhances slight color differences in the

red region of the mucosa. This color information is real-

located to differentiate colors that are similar to those of

the mucosa. A previous study using LCI reported a sig-

nificant increase in overall polyp detection rate22. Because

LCI often generates a bright field of view, it can produce

differences in color contrast between polyps and sur-

rounding vessels, leading to evaluation of a suspicious

area noted in a distant view and, potentially, to easier de-

tection of polyps. Suzuki et al. reported that LCI in-

creased the visibility of colorectal flat lesions and en-

hanced the detection rate for these lesions23. A review of

several studies concluded that polyp and adenoma detec-

tion rates were significantly higher for LCI than for

WLI33.

The value of the sensitivity of polyp detection in

colonoscopy depends on the size of the target lesion. Al-
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though the sensitivity of the ADR for adenomas ≥10 mm

is 79-100%37,38, the sensitivity of the ADR for lesions <10

mm is only 75-85%37. However, detection rates may be in-

creased if devices and image quality are improved. In a

previous report, the adenoma miss rate varied in relation

to lesion size, as follows: adenomas >10 mm, 2.1%; 5-10

mm, 13%; and <5 mm, 26%. In other words, adenomas

>10 mm were seldom missed6. Polyps <5 mm rarely grow

or show morphological changes, even after 2-3 years of

observation, and seldom develop into colorectal cancer

(0.03-0.05%). Because the rate of adverse events after

polypectomy is 0.7%, removal of all polyps <5 mm may

not be warranted.

In contrast, it is strongly recommended that polyps ≥5

mm undergo endoscopic resection29,30. In a report from

the United Kingdom, the relative risk of malignancy or

severe dysplasia in adenomas, as compared with polyps

<5 mm, was 7.2 for polyps measuring 6-10 mm and 12.7

for polyps measuring 11-20 mm. Thus, it is critically im-

portant to remove all polyps ≥5 mm29. In sum, increasing

the rate of detection of adenomas ≥5 mm, which have

the highest risk of cancer, and of adenomas <10 mm,

which are likely to be missed, may decrease the risk of

interval cancer.

In this study, we compared detection rates for polyps

≥5 mm in LCI and WLI groups, namely, ADR(5 mm-),

PDR(5 mm-), APC, and PPC. The detection rate was sig-

nificantly higher in the LCI group than in the WLI

group. In addition, analysis of detection rates, stratified

by polyp size, for LCI and WLI showed a significantly

higher detection rate for polyps with a diameter of 5-9

mm-which are often missed during routine colonoscopy-

in the LCI group than in the WLI group. Therefore, LCI

might substantially reduce the miss rate for these lesions.

Polyp miss rates during endoscopy might be attribut-

able to lack of colonoscopist experience, and we believe

that an improvement in the detection rate for inexperi-

enced colonoscopists must be lead to decrease the overall

miss rates of adenoma and interval CRC. Therefore, we

evaluated success in detecting polyps among trainees,

defined as endoscopists who had performed at least 500

colonoscopies but had <5 years of experience, and ex-

perts (those with >5 years of experience). We found that

ADR(5-9 mm) and PDR(5-9 mm) were significantly

higher with LCI mode than with WLI mode for both ex-

perts and trainees. Consequently, LCI mode may be a

valuable diagnostic tool for all colonoscopists, regardless

of years of endoscopic experience.

With regard to polyp morphology, the detection rate

for 0-Is polyps, as well as for 0-IIa polyps, was signifi-

cantly higher in the LCI group. Other studies have con-

firmed that flat lesions are easier to detect by LCI than

by WLI22,23. Regarding polyp site, significantly more pol-

yps were detected in the transverse colon and sigmoid

colon in the LCI group than in the WLI group. A similar

tendency was observed in other sites except the cecum,

suggesting we might detect substantial differences in the

number of polyps at all sites if we were to expand the

pool of patients. Although many polyps were detected in

the transverse colon and sigmoid colon in this study, we

cannot explain the significant difference in T/C and S/C

between LCI and WLI.

Regarding secondary outcomes, the LCI and WLI

groups had similar cecal intubation rates, cecal intubation

times, and observation times. No adverse events were re-

corded in either group. Therefore, colonoscopy in LCI

mode can be performed as quickly and safely as WLI

mode by any endoscopist, regardless of experience.

The limitations of this study were its single-center de-

sign and the fact that endoscopists were not blinded to

patient group allocation. However, when polyp size was

limited to ≥5 mm, the ADR(5 mm-) was satisfactory, at

26%, even in the WLI group-well above the established

threshold for ADR. The APC in the WLI group was high,

at 0.46; thus, endoscopist bias was unlikely.

In conclusion, LCI mode improved visibility, even for

polyps measuring 5-9 mm, which are indicated for endo-

scopic treatment and likely to be missed. This improve-

ment in detection rates did not depend on endoscopist

experience. Thus, the present novel LCI detection system

for endoscopy improves ADR and detects more adeno-

matous lesions ≥5 mm, as compared with WLI mode,

which may ultimately reduce the rate of interval cancer.
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