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INTRODUCTION

Colorectal cancer (CRC) screening is a crucial for prevent-
ing CRC. Colonoscopy is a beneficial screening test because it 
can reduce both mortality and the incidence of CRC.1 How-
ever, deficiencies such as missed lesions are unavoidable. The 
factors associated with missed lesions include the colonoscopy 
preparation, anatomical features of the colon, endoscopist 
experience, and clinicopathological features of the polyps. In 
terms of the clinicopathological features of polyps, flat-type 
lesions and sessile serrated lesions are generally considered 
more difficult to detect than protruding polyps. 

Third-eye colonoscopy, wide-angle colonoscopy, and trans-
parent hood have improved polyp detection to overcome these 
issues.2 These modalities allow the visualization of polyps 
located on behind-folds and decrease adenomas miss rates. 
However, preparing independent tools makes the application 
of these advances less practical for use in daily clinical practice.

Image-enhanced endoscopy (IEE), such as linked color im-
aging (LCI) and blue laser/light imaging (BLI), is also report-
edly useful in improving polyp detection. The benefits of IEE 
in clinical practice include convenience, selectivity according 
to the endoscopist’s preference, and lack of interference with 
maneuverability.

This review outlines the basic knowledge on LCI and BLI 
and the efficacy of these modalities for polyp detection in daily 
colonoscopy.

LCI AND BLI CONCEPTS

Almost a decade has passed since a new endoscopic system 
(LASEREO; Fujifilm Co., Tokyo, Japan) using light ampli-
fication by stimulated emission of radiation (laser) became 
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available in daily practice. This system has a unique illumina-
tion feature that uses two lasers of different wavelengths (Fig. 
1).3,4 In addition, another novel endoscopic system (ELUXEO; 
Fujifilm Co., Tokyo, Japan) using a light-emitting diode (LED) 
is also now available. This system has four independently con-
trolled LED colors (Fig. 1).

LCI 
LCI is an IEE technology that includes both laser and 

LED light sources in a single system. In addition to the nar-
row-band wavelength of 410 nm, image processing also im-
proves the separation of the red color to enhance slight color 
differences in the mucosal membrane.

BLI 
BLI was also installed in the endoscopic system developed 

by FUJIFILM Corporation, with blue laser and blue LED light 
sources used for imaging. Both light sources use a 410 nm nar-
row-band wavelength to visualize high-contrast information 
from microvessels and the surface structures of lesions. 

CLINICAL APPLICATION OF LCI

The most prominent feature of colonoscopy using LCI is 
the brighter field of view compared to white light imaging 
(WLI) or BLI (Fig. 2). The inside of the colonic lumen is dark, 
as light does not reach this area; thus brighter conditions im-

prove the identification of colonic polyps. In addition, color 
contrast between the lesion and normal mucosa is also critical 
for improving the detection of colonic polyps. Most polyps 
are shown in red, while sessile serrated lesions are white; LCI 
makes the red regions redder and white regions whiter. This 
feature makes it easier to identify polyps by emphasizing these 
characteristics compared to WLI observations.

In their prospective randomized study, Min et al. reported 
a higher polyp detection (91% vs. 73%, respectively, p<0.001) 
and per-patient adenoma detection (37% vs. 28%, respectively; 
95% confidence interval , 2.41%-19.41%) rates for LCI com-
pared to WLI.5 Paggi et al. reported a reduction in the miss 
rate of neoplastic lesions in the right-side colon due to partial 
tandem colonoscopy in a randomized controlled trial (RCT). 
Double inspection of the LCI-WLI and WLI-LCI groups and 
right colon inspection performed using LCI or WLI for the 
first pass and the opposite mode for the second pass result-
ed in adenoma miss rates of 11.8% and 30.6%, respectively 
(p<0.001).6 Kudo et al. reported a two-fold higher detection of 
flat-type polyps (generally considered more difficult to detect 
than polypoid-type polyps) per patient for LCI compared to 
WLI (2.9±3.0 vs. 1.2±1.6, p=0.045).7

In addition to these clinical studies, Shinozaki et al. per-
formed a meta-analysis on the detectability of colonic polyps 
using LCI and WLI and reported superior polyp and adenoma 
detection rates, as well as the detection of previously missed 
polyps, for LCI.8

Fig. 1. Wavelength differences among the three observation modes. (A) White light imaging (WLI). (B) Blue laser/light imaging (BLI). (C) Linked color imaging (LCI).
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ADDITIONAL VALUE OF LCI

In general, endoscopists observe the colonic lumen to 
detect polyps during the withdrawal phase after cecal intuba-
tion. However, the shape of the sigmoid colon often changes 
between the insertion and withdrawal phases, which may 
result in different blind areas. Therefore, we examined the 
significance of polyp detection during the insertion phase 
using LCI.9 In this study, the clinical outcomes were compared 
between patients who alternatively underwent colonoscopy 
with either LCI or WLI for insertion. The results showed that 
16% of lesions located in the sigmoid colon were detected only 
during the insertion phase in the LCI group, whereas no such 
lesions were detected during the insertion phase in the WLI 
group. Hence, LCI may provide additional value by improving 
polyp detection, especially for sigmoid colon polyps, during 
the insertion phase. 

CLINICAL APPLICATION OF BLI

Although the BLI mode, which has two types of lasers with 
wavelengths of 410 nm and 450 nm, is useful for diagnosing 
colorectal polyps, it is generally considered disadvantageous 
for polyp detection due to its darkness. The BLI-bright mode, 
which uses a higher-power 450 nm wavelength compared to 
the BLI mode, was developed to overcome this disadvantage. 
The BLI-bright mode maintained adequate brightness and 
contrast even at longer distances compared to the BLI-mode;10 
therefore, it might be helpful in polyp detection. Accordingly, 
most subsequent studies on polyp detection have been con-
ducted using the BLI-bright mode.

Three randomized controlled trials (RCT) evaluated the 
ability of BLI to detect colorectal polyps. Ikematsu et al. used 
a xenon light source and reported a significantly higher mean 

number of adenomas per patient by BLI compared to WLI 
(1.27±1.73 vs. 1.01±1.36, p=0.008).11 Another RCT reported 
a lower adenoma miss rate for the BLI-bright mode with a 
laser light source compared to that of WLI.12 The study ran-
domized patients into tandem colonoscopy with BLI followed 
by WLI (BLI-WLI group) or WLI followed by WLI (WLI-WLI 
group) groups. The adenoma miss rate was 1.6% in the BLI-
WLI group and 10.0% in the WLI-WLI group (p=0.001). A 
recent RCT comparing polyp detectability between BLI-bright 
and WLI with a laser light source in Singapore13 randomized 
the patients to either the BLI-bright or WLI groups on with-
drawal. The polyp detection rates for BLI and WLI were 59.8% 
and 40.0% (p=0.008) and the adenoma detection rates were 
46.2% and 27.8% (p=0.010), respectively. Although the pa-
rameters and limitations are diverse in the above studies, their 
findings suggest the superiority of the BLI-bright mode for 
polyp detection. 

Regarding the differential diagnosis for histology, a Eu-
ropean group has established the BLI Adenoma Serrated 
International Classification (BASIC) system for the diagnosis 
of colorectal polyps using BLI with a xenon light source with 
and without optical magnification.14 In 2019, Subramarian et 
al. validated the diagnostic performance of the BASIC classifi-
cation before and after training using 45 small polyp images.15 
The overall diagnostic accuracy with BLI improved from 87% 
to 94% with adequate training (p<0.001). Later, a multicenter 
prospective study conducted in Italy evaluated the validity of 
the BASIC classification for diminutive colorectal polyps.16 
They studied 748 colorectal polyps in 333 participants and 
reported an overall diagnostic accuracy of 88.5% in those eval-
uated with high confidence. They also compared the BLI-di-
rected and histology-directed surveillance intervals, reporting 
that BLI-directed surveillance allowed appropriate surveillance 
for 90% of patients according to the United States Multi-Soci-
ety Task Force criteria17 and 96% of patients according to the 

Fig. 2. Differences in brightness among the three observation modes. (A) Linked color imaging (LCI). (B) White light imaging (WLI). (C) Blue laser/light imaging (BLI). 
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European Society of Gastrointestinal Endoscopy criteria.18 The 
usefulness of the BASIC criteria was also validated in the Unit-
ed States.19 

MAGNIFYING ENDOSCOPY

Depth diagnosis is crucial in deciding the treatment plan for 
superficial colorectal tumors. Magnifying chromoendoscopy 
with crystal violet staining is considered the gold standard for 
depth diagnosis of superficial colorectal tumors that cannot 
be determined by magnifying observation of vessels or surface 
patterns using narrow-band imaging (NBI).20 The diagnostic 
accuracy of pit pattern analysis was significantly higher than 
that with image-enhanced endoscopy.21 A retrospective study 
from Japan assessed BLI with a laser light source for the di-
agnosis of the invasion depth of colorectal neoplasms with 
NBI classification (Hiroshima classification).22 They showed 
that the diagnostic accuracy of BLI magnification (74.0%), 

was comparable to that of NBI magnification (77.8%). The 
same group has also reported that BLI without magnification 
improved the differentiation between neoplastic and non-neo-
plastic polyps for small lesions (<10 mm) compared to WLI 
(accuracy rate: 95.2% vs. 83.2%, p=0.004). 23 Nakano et al. 
investigated the diagnostic accuracy of BLI magnification 
with a laser light source versus pit pattern.24 The accuracies of 
differentiation between neoplastic and non-neoplastic lesions 
were 98.4% and 98.7% for BLI magnification and pit pattern, 
respectively. However, the accuracy of BLI magnification for 
mucosal to shallow submucosal borderline invasive lesions 
was unfavorable. Only half of the lesions diagnosed as type C2 
(Hiroshima classification; indicating mucosal to shallow sub-
mucosal invasion) by BLI magnification were consistent with 
the pathological diagnosis, whereas the pit pattern generated 
an accurate diagnosis in 72.2% of cases. Therefore, the authors 
concluded that most polyps could be diagnosed properly by 
BLI magnification but suggested adding pit pattern assessment 
to evaluate borderline lesions (Fig. 3).

Fig. 3. An example of the clinical application of the three observation modes. (A, B) White light imaging (WLI) or linked color imaging (LCI) for the detection of polyps. 
(C) Characterization or depth diagnosis was performed by evaluating the vessels and surface pattern using magnifying blue laser/light imaging (BLI). Irregular vessel 
and surface patterns are shown in the center of the lesion. (D) Chromoendoscopy with crystal violet staining was additionally performed to confirm the depth diagnosis 
as a final judgment. A severe irregular pit pattern was found at the center of the lesion. From this finding, the depth diagnosis was a deep submucosal invasion.
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FUTURE PERSPECTIVES OF 
COLONOSCOPY

The recent development of artificial intelligence in colonos-
copy has been remarkable. Currently, computer-aided diag-
nosis (CAD) is available not only for polyp detection but also 
for differentiating neoplasms from non-neoplasms. In terms 
of the assessments of the performance of the CAD systems, 
the experimental phase is complete and clinical trials have 
progressed rapidly. The CAD-EYE system from FUJIFILM 
was recently launched commercially and has been approved 
in Europe25 and Japan. This system was developed to detect 
colorectal polyps (CADe system) and characterize the detect-
ed polyps (CADx system) (Fig. 4). Both the CADe and CADx 
systems provide WLI and BLI modes. The CADe system can 
accurately detect colon polyps with a sensitivity exceeding 
90%, while the CADx system can predict the differential di-
agnosis with an overall accuracy of 90% (unpublished data). 
Moreover, the CADx system can operate without magnifying 
the observations. Hence, it saves the time required to perform 
magnifying observations in colonoscopy screening and helps 
novice endoscopists to learn magnifying observations. While 
not yet perfect, the CAD system will be a modality that chang-
es the clinical practice of colonoscopy screening.

CONCLUSIONS

Based on the optical characteristics of LCI and BLI, because 
of its better visibility, LCI should be used during the insertion 
and withdrawal phases of colonoscopy, while BLI should be 
used to evaluate the characteristics of detected polyps and dif-
ferentiate between neoplastic and non-neoplastic polyps. We 
believe that this process is the most efficient method for gen-

eral colonoscopy according to existing evidence from clinical 
research. 
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