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Abstract

Background: The blue laser imaging is a kind of new endoscopic system, sending 2 different wavelengths of laser. Result: It can
observed that the gastrointestinal mucosa shallow capillaries and mucosal surface microstructure are shown in bright and high
resolution images, thus being helpful to the diagnosis of early digestive tract cancer. It has unique advantages compared with the
existing technique. This article reviewed the application of blue laser imaging in diagnosis of early gastrointestinal carcinoma.
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The digestology has already entered the era of endoscopy, and
the early detection, early diagnosis, and early treatment of
digestive tract tumors have been the development trend of
digestive endoscopy at home and abroad. The premise of the
effective endoscopic treatment can improve the screening rate
and the correct diagnosis rate of early cancer and can increase
the emphasis of the global digestive endoscopy doctors on the
accurate diagnosis. OLYMPUS took the lead in developing
narrow-band imaging (NBI), which uses optical filter to filter
out the red broadband spectrum sent by the endoscopic xenon
light, while preserving the blue and green narrow-band spec-
trum to diagnose the digestive tract mucosal and submucosal
lesions, so as to improve the accuracy of endoscopic diagno-
sis. But due to the limitations of working principle, NBI, with
the broadband spectrum filled out, cannot be used for distant
functional observation so as to achieve the goal of cancer
screening, due to the nonideal brightness. Blue laser imaging
(BLI) system was firstly put into use in Japan in 2011. Fuji
film officially launched out LASEREO—the blue laser endo-
scopic system in 2012. In addition to the white light

observation mode, the blue laser endoscopy system has also
increased 3 narrow-band laser observation modes: BLI, BLI-
bright, and linked color imaging modes.

LASEREO endoscopic system adopts laser instead of the
halogen or high intensity discharge (HID) lamp, with 2 differ-
ent wavelengths of laser to form white light images and
narrow-band light images. Due to the laser light sources, the
images are brighter, clearer, and more hierarchical, and com-
bined with the unique image processing technology, endoscopy
could explore as deeper as the capillaries and microstructure of
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Figure 1. The blue laser imaging (BLI) imaging principle.

the mucosal surface, which improves the distinguishment of
pathological changes in early digestive tract tumor, and pro-
vides more possibility for accurate diagnosis and treatment of
gastrointestinal cancer. Its application in the diagnosis of the
gastrointestinal tract disease has still been preliminarily stud-
ied. A comprehensive review was carried out on the application
of BLI in diagnosis of early gstrointestinal carcinoma.

Characteristics of Blue Laser Imaging

Characteristic of Light Source and BLI Imaging Principle

The blue laser endoscopy system adopts 2 different wave-
lengths of lasers: white light laser (wavelength of 450 nm) and
BLI laser (wavelength of 410 nm). The white light laser, by the
fluorescent body, sends white light with broad spectrum and
high brightness which is suitable for the routine inspections,
and the images are natural, bright, and clear; while BLI laser,
with shorter wavelength and narrow spectrum, presents a
narrow-band light images, which can highlight the capillaries
and microstructure of the mucosal surface, so as to observe the
pathological changes in microscopic structure and is helpful to
diagnose the gastrointestinal tract cancer.'™

Blue laser imaging is a kind of endoscopic imaging to
observe and diagnose the surface and deep vessels, based on the
absorption and reflection of mucous membrane to light, the
absorption properties of hemoglobin to the laser light with a
wavelength of 410 nm optical and the reflection characteristics
of mucosal membrane to light. Short wavelength is easy to be
absorbed by hemoglobin in the blood, and blood vessel is dark in
color after absorption, which is contrasted with surrounding tis-
sues; thus, the vascular morphology is prominent. Due to the rich
glandular structure on the surface of digestive tract mucosa, and
rich capillaries around the gland, short wave length can lead to a
strong contrast of capillaries and glands (Figure 1).

Observation Mode

By adjusting the luminescence intensity of BLI laser and
white light laser, 2 observation modes can be achieved,
namely BLI and BLI-bright. The BLI mode: BLI with
410 nm wavelength slightly increases the white light, which
very clearly and effectively emphasizes the morphology of
small vessels and mucosal surface, and even deeper blood
vessels. The BLI mode mainly amplifies and closely observes
the lesions, with a certain degree of brightness, so as to
improve the diagnosis rate. It is easier to distinguish the
nature of the lesions and is also useful for boundary identifi-
cation, which can accurately diagnose the diseases according
to the classification standards of early cancer of different parts
such as esophagus, stomach, and intestine.

The BLI-bright mode: BLI-bright also adopts 410 nm wave-
length, but compared with BLI mode, it has fewer narrow band
light component while more white light component, so it is
brighter. The BLI-bright is suitable for medium-long short that
has lower brightness and is not prone to show good contrast; it
can also effectively emphasize the vascular and mucosal sur-
face morphology of medium-long short when the condition of
the observation site is poor. The biggest advantage of BLI,
which has a narrow-wave observation function, is used for the
detection and identification of early tumor, and compared with
the traditional image-enhanced endoscopy, BLI can provide
clearer and more administrative images, which are more con-
ducive to the inspection of early digestive tract cancer.

Comparison of BLI and Other Endoscopic Technology

The characteristics of BLI have been compared with the com-
mon endoscopic technique in observing the early digestive tract
cancer in recent years. With the progress of the endoscopic
technique, various techniques emerge on the basis of the white
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light endoscopy, including pigment endoscopy, electronic
staining endoscopy, endoscopic ultrasound, confocal laser
endomicroscopy, autofluorescence endoscopy, Raman spectro-
scopy, and son on, which greatly improve the detection rate of
early upper gastrointestinal tract cancer.

Narrow-band imaging technology uses narrow-band filter to
remove red light while preserving green and blue light. The
light, mainly concentrated in the mucosal surface, reduces the
scattering and unnecessary intermediate color, to highlight
the direction of the blood vessels. It has obvious advantages
including displaying mucosal blood vessels and accurately
guiding biopsy; thus, it can effectively improve the detection
rate of precancerous lesions and early cancer of upper gastro-
intestinal tract. Multicenter randomized controlled trial showed
that NBI was significantly superior to white light endoscopy in
detecting the early superficial esophageal squamous carci-
noma.* However, NBI had some defects in the diagnosis of the
gastric diseases; due to its lower brightness, the images were
darker than that of white light endoscopy, especially in the
large lumen, such as stomach; therefore, the clarity was limited
even when the lens was close to the mucosa.

Flexible spectral imaging color enhancement (FICE), divid-
ing the white light into different wavelengths, observes the
mucosa layer structure and mucosa intravascular hemody-
namics, and focuses on the precise examination of early cancer
by a remarkable comparison of the lesions to the normal
mucosa. However, FICE shows a dark imaging in case of long
observation distance, and it has an unsatisfactory imaging of
gastric mucosal microstructure.

Blue laser imaging system combines narrow-spectrum blue
laser with white light to make up the deficiency of NBI and
FICE. During the observation of early cancer, it, under low-
medium magnification,® can observe the white spots and
white area on the mucosal surface, which correspond margin
crypt epithelium. And this suggests that BLI has a longer
visual distance in observation of lesions, and can obtain
images with wide observation area and high focusing. This
kind of high resolution image is particularly clear in display-
ing the mucosal surface microstructure missing of undiffer-
entiated gastric cancer.

Application of Blue Laser in Detection
of Digestive Tract Early Stage Cancer

The Diagnosis and Application of Blue Laser
in Esophageal Early Stage Cancer

The global incidence of esophageal cancer is also increasing
year by year, the 5-year survival rate of early esophageal could
reach as high as 80%. Early esophageal cancer has no specific
performance under common white light endoscopy, and the flat
lesion is especially difficult to discern with a single white light
endoscopy.’ Blue laser imaging, with or without magnification,
can help the diagnosis of esophageal lesions and it can lead to
strong color contrast of brown esophageal squamous cell car-
cinoma with the surrounding tissues without amplification.'

Normal intraepithelial papillary capillary loop (IPCL) shows
brown dots or small circles, with fine diameter and consistent
morphology, arranging regularly in BLI. Blue laser imaging
can clearly display IPCL in brown lesion area, similar to NBL?
Arima et al according to the microvascular morphology put
forward another kind of superficial esophageal lesion classifi-
cation method, namely esophageal microvascular classifica-
tion, which divided microvascular morphology into 4 types,
and put forward the concept of avascular area.® Blue laser
imaging can display nonvascular mucosa in various diameters
by magnification®; thus, contributing to the judgment of the
invasive depth of early esophageal cancer. The Japan Esopha-
geal Society has proposed a more concise new type in 2012
combined with the 2 mentioned classification methods: type A,
without IPCL change or with slight change in IPCL; type B,
with obvious microvascular morphological changes. Type B
can be further divided into 3 subtypes, B1, B2, and B3, which
can determine the infiltration depth of tumor. Preliminary
verification shows that their accuracy in evaluating the infil-
tration depth of the superficial esophageal squamous carci-
noma is 90% on average.” Tomie et al included 25 patients
with superficial esophageal squamous carcinoma into this
study. The BLI-bright mode is superior to NBI and white light
mode in the identification of superficial esophageal squamous
carcinoma both in the subjective evaluation of endoscopic
physicians on lesions scores, and in the objective evaluation
of calculation on the color contrast of lesions and the sur-
rounding tissues.®

The Diagnosis and Application of Blue Laser in Gastric
Early Stage Cancer

Gastric cancer is the second leading cause of malignant tumor
in the world, with about 990 000 new cases every year. If it can
be early found and endoscopic treatment is given, the early
gastric cancer can be cured over 90%."* The mucosal surface
of most gastric cancer is uneven, and BLI can observe irregular
microvascular morphology from the fuzzy mucosal surface.’
Yao et al based on the double changes in microvascular mor-
phology and surface microstructure, proposed the “VS” classi-
fication, and the irregular dividing line can diagnose the early
gastric cancer.” A single-center prospective study adopted the
mentioned diagnostic criteria, combining magnifying endo-
scopy with BLI (ME-BLI) in the diagnosis of early gastric
cancer, and the results suggested ME-BLI had similar perfor-
mance in diagnosis of early gastric cancer with magnifying
endoscopy combined with NBI (ME-NBI)."® Yagi et al also
found that ME-BLI had more detailed observation of mucosal
microstructure than ME-NBI.'! Kimura-Tsuchiya et al resulted
that ME-BLI could better visualize the microstructures of
the early gastric cancer with shallow crypts compared with
ME-NBI. Therefore, ME-BLI could enable a more accurate
diagnosis of early gastric cancer with shallow crypts'?; Dohi
et al researched that M-BLI and M-BLI-bright provided excel-
lent visualization of microstructures and microvessels similar
to M-NBI. Irregular microsurface pattern in a moderately
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differentiated adenocarcinoma might be frequently visualized
using M-BLI and M-BLI-bright compared with using
M-NBL."? Early gastric cancer can be divided into the differ-
entiated and undifferentiated types. Compared with undiffer-
entiated type, differentiated gastric cancer has relatively better
lymph node metastasis and prognosis”; thus, it has important
clinical significance to accurately distinguish them. The micro-
vascular morphology of the differentiated gastric cancer
observed by BLI can be divided into Fine-net-work pattern
(FNP) and intralobular loop (ILL); FNP type is characterized
by the disappearance of the surface gland and irregular grid
microvessels; ILL type is characterized by irregular papillary
surface gland, with ring capillaries inside, which form white
ring sign (white ring for the margin crypt epithelium); the
irregular microvessels of undifferentiated type gastric cancer
are curled and spiral (corkscrew pattern).*'>"'® Missing of sur-
face microstructure is also a feature of undifferentiated early
gastric cancer.'” Some scholars have pointed out that, com-
pared with tubular adenocarcinoma, differentiated gastric car-
cinoma with papillary adenocarcinoma structure (no matter the
main histological type or not) has a higher degree of malig-
nancy.'® For the observation of the microvascular morphology
of early gastric cancer, BLI has similar effect with FICE and
NBI, which can be used to distinguish the differentiated and
undifferentiated lesions® by high magnification observation.
Blue laser imaging can also assist the diagnosis of early gastric
cancer by observing the appearance characteristics of the
intestinal metaplasia of gastric mucosa.’ Gray nodular pro-
truding is the specific appearance of intestinal metaplasia
under the white light endoscopy, but its sensitivity is not high.
Blue laser imaging can make the intestinal metaplasia pre-
senting as the green area, in stark contrast to brown stomach
area, and helps to detect early cancer in the area of the intest-
inal metaplasia by observing the color difference and surface
microstructure changes. Its effects are similar as the light blue
crest (LBC) of NBI, but BLI can strongly indicate brighter
LBC in a long distance.’

Application of BLI in the Diagnosis of Early Colorectal
Lesions

The judgment of the infiltration depth of early colorectal cancer
is of great help to clinician to select surgical method. In order to
investigate whether the BLI also helps to determine the infil-
tration depth of early colorectal cancer, Togashi er al'® carried
out BLI endoscopic examination for 61 patients with patholo-
gically confirmed early colorectal cancer, and the endoscopic
classification of the lesions adopted Hiroshima type and Sano
type. Results suggested that the infiltration depth of Sano type
IIIb and Hiroshima type C3 colorectal cancer was in consistent
with the T1b stage of pathology TNM stage, and BLI may be an
effective way to determine the submucous infiltration depth
of the early colorectal cancer. Yoshida et al*° conducted a
multicenter open study in which the enrolled 104 cases of
patients with colorectal cancer were given NBI and BLI mag-
nification observation. The results showed that the accuracy of

BLI amplification (74.0% [77/104]) was similar to NBI ampli-
fication (77.8% [81/104]) in the diagnosis of early colorectal
infiltration depth. It is suggested that BLI amplification can
predict the pathologic diagnosis and infiltration depth of early
colorectal cancer.

The BLI-bright mode enhances the brightness of the images
based on emphasizing the microvessels and microstructure of
the mucosal surface; therefore, it shows a strong clinical advan-
tage in the discovery of colorectal polyps. Yoshida ef al com-
pared white light image and BLI—bright image of 100
colorectal polyps and found that both experienced and inexper-
ienced endoscopy technicians had higher scores to BLI-bright
image than white light images in distinguishing lesions.*' It has
been revealed from the clinical experience that the observation
results under BLI and BLI-bright mode were affected by the
intestinal preparation and the luminosity of the field of vision.

Blue laser imaging as a new technique has the advantages
of bright, clear, and strong administrative imaging, which
make it possible to deep explore the mucosal superficial capil-
laries and surface microstructure, improve the discernibility
degree of early upper gastrointestinal tract cancer. Although
BLI has its unique advantages compared with the existing
technique, its introduction time is short. More researches are
needed to prove its effect to the diagnosis of early upper
gastrointestinal tract cancer, and it is going to take some time
before widely used in clinical.
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