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Evaluation of the impact of linked color imaging
for improving the visibility of colonic polyp
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Abstract. Linked color imaging (LCI) is a novel endoscopic
system used to increase color contrast. As LCI does not
decrease luminal brightness, it may improve the detection
of colonic neoplasms. However, the extent to which LCI
improves the visibility of colonic polyps has not yet been
determined. Between December 2016 and May 2017, patients
who received total colonoscopy were consecutively recruited
into this retrospective, single-center study. For each polyp
identified, images obtained from white light (WL) imaging,
blue laser imaging (BLI), and LCI of the same lesion and its
surrounding mucosa were evaluated. The color differences
(AE) between each lesion and its surrounding mucosa in
non-magnified images were computed quantitatively using
the CIELAB color space, which defines color perception
according to colorimetric values, and compared among WL,
BLI, LCI, and chromoendoscopy. The AE between the vessel
and non-vessel areas in magnified images was also assessed.
Of the 64 patients who were incorporated into this study,
non-magnified and magnified (x80) images from 113 and
95 polyps, respectively, were assessed. The AE was intensified
by LCI and chromoendoscopy compared with WL and BLI.
The AE of neoplastic lesions was also intensified by LCI. In
magnified images, BLI and LCI significantly increased the
AE between the vessel and non-vessel areas compared with
WL. Luminal brightness, indicated by L*, was not impaired
by LCI; however, was reduced by BLI compared with WL and
LCI. These results suggest that LCI enhanced the detection of
colonic neoplasms without impairing luminal brightness. We
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propose the routine use of LCI for colonic polyp detection and
BLI for magnifying observations of colonic polyps detected
by LCIL.

Introduction

Colonoscopy is the criterion standard technique for identifica-
tion of colonic neoplasia, and resection of colorectal adenomas
is the most effective method for preventing colorectal
cancer (1). Improved endoscopic procedures with higher rates
of adenoma detection may improve the efficacy of colonos-
copy for preventing cancer (1-3). Chromoendoscopy, which
was implemented in the 1980s, has improved identification
of small and flat colorectal lesions, and several randomized
controlled trials have demonstrated significantly better rates
of small neoplastic lesion detection by pan-colonic chromo-
endoscopy compared with conventional colonoscopy (4,5).
However, performing total colonic dye-spraying endoscopy
requires a certain degree of endoscopic skills and longer
extubation compared with conventional colonoscopy (6).
The use of narrow-band imaging (NBI), which applies
short-wavelength light to enabling detection of the absorbance
spectrum of hemoglobin, during colonoscopy is expected to
enhance adenoma detection without prolonging the extuba-
tion period (7). However, the ability of first-generation NBI
systems to increase adenoma detection has not been demon-
strated, considering that intestinal fluids such as bile appear
red in color, like blood, and that the luminal brightness is
lower in NBI than in conventional colonoscopy (8). To offset
these constraints, blue laser imaging (BLI), which utilizes
narrow-band laser light combined with white laser light, was
developed. However, the brightness of BLI is still not adequate
for detecting distant lesions (9).

Linked color imaging (LCI) is a novel endoscopic system
developed by Fujifilm Co. that increases color contrast by
utilizing short-wavelength narrow-band laser light combined
with white laser light on the basis of BLI technology (9).
Unlike BLI and NBI, the luminal brightness of LCI is not
impaired compared with that of conventional colonoscopy,
even at a distant view; consequently, LCI may improve the
visibility of colonic neoplasms (10,11). However, thus far, the
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extent to which LCI improves the visibility of colonic polyps
has not been clarified quantitatively. Therefore, in this study,
we evaluated the color differences between colonic polyps and
their surrounding mucosa and compared the color differences
among conventional colonoscopy, BLI, LCI, and chromoen-
doscopy.

Patients and methods

Endoscopic procedure. This was a retrospective single-center
study. Between December 2016 and May 2017, all patients who
received a total colonoscopy at the Inoue Gastroenterology
and Endoscopy Clinic were recruited. The Ethics Committee
of Osaka Medical College approved this study, and written
informed consent was waived because of the retrospective
design. For the endoscopic procedures, signed informed consent
was obtained from the patients. The inclusion criteria were
as follows: i) surveillance colonoscopy of known colorectal
adenomas or cancer; ii) screening colonoscopy in patients with
positive fecal occult blood; and iii) diagnostic colonoscopy in
patients with symptoms, such as rectal bleeding, abdominal
pain, and change in bowel habits. Patients with inadequate
bowel preparation, colitis, and melanosis did not enter the
study. For each polyp identified, pictures with three different
color images (WL, BLI, and LCI) for the same lesion and from
the same point of view were selected for evaluation. Among
the selected pictures, those of chromoendoscopy for the same
lesion and from the same point of view were also used for
evaluation. In the case of magnified colonoscopic images, high
magnification (x80) pictures with three different color images
for the same lesion and from the same point of view were
selected for evaluation. Colonoscopy was conducted using
the LASEREO system (FUJIFILM) with an EC-L600ZP
endoscope. Endoscopy was performed using the WL, BLI,
and LCI modalities. All endoscopic images were stored in
JPEG format. An experienced endoscopist (T.I.) performed
the endoscopic procedures and selection of the images, and an
experienced pathologist (Y.E.) examined all resected tissues.

Calculation of the color difference. The color difference
(AE) was calculated using the CIELAB color space, a
three-dimensional color space that comprises a black-white
axis (L*), a red-green axis (¢*), and a yellow-blue axis (b¥)
and that associates color perception with colorimetric values.
L* is defined as lightness, a* as the red-green component, and
b* as the yellow-blue component (12). AE between a polyp
(p) and the surrounding mucosa (b) was calculated according
to the following formula: AEw=\(L,-Ls)+(a,-as) +(b,-bs) . According
to Sato et al, we determined the L*a*b* values (13). Briefly,
this was done as follows: i) the corresponding regions [for
non-magnified images, the polyp and surrounding mucosa, 64
pixels each (Fig. 1), and for magnified images, the vessel and
non-vessel areas, 9 pixels each (Fig. 2)] were selected on WL,
BLI, and LCI images using Adobe Photoshop Elements 15;
ii) the median RGB value was determined; and iii) the L*a*b*
value was calculated from the average of the RGB values.

Statistical analysis. Statistical analyses were conducted using
Stat View software, version 5.0 (SAS Institute, Inc.). All
data are expressed as means + standard deviation. One-way
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Figure 1. Selection of points for assessment of color differences in
non-magnified colonoscopic images. Yellow square areas consisting of
64 pixels (8x8 pixels) show the same regions of the same polyps and their
surrounding mucosa. (a) WL, (b) BLI, (c) LCI. (d) Chromoendoscopy. WL,
white light; BLI, blue laser imaging; LCI, Linked color imaging.
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Figure 2. Selection of points for assessment of color differences in magni-
fied colonoscopic images. Yellow square areas consisting of 9 pixels (3x3
pixels) show the same vessel and non-vessel areas of the same polyp. (a) WL,
(b) BLI, (c) LCI. WL, white light; BLI, blue laser imaging; LCI, Linked color
imaging.

analysis of variance was performed for multiple comparisons,
followed by Fisher's exact test. P-values of less than 0.05 were
considered to be statistically significant.

Results

Color differences in non-magnified images. From
December 2016 to May 2017, 64 patients with 114 polyps were
enrolled in this study. Among these polyps, 113 (64 patients)
and 95 (53 patients) were assessed for color differences in
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Table I. Baselines characteristics of the patients and polyps.

Characteristic Value
Number of patients 64
Sex, male/female 39/25
Age, years, mean + SD 59.8+13.5

Number of polyps 114

Polyp size, mm, mean + SD 7.6£5.0
Number of non-magnified images, 113: 113: 113: 53
(WL:BLILLCI:Chr), n

Number of magnified images, 95:95: 95
WL:BLI:LCI, n
Polyp location, right-sided:left-sided: 52: 40: 22,

rectum, n (%)
Pathological diagnosis, neoplastic:
non-neoplastic, n (%)

(45.6:35.1: 19.3)
99: 15, (86.8: 13.2)
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Figure 3. Overall AE. LCI and chromoendoscopy significantly increased the
AE between colonic polyps and their surrounding mucosa compared with
WL and BLI. "P<0.05 vs. WL, BLI, and Chromoendoscopy, “P<0.05 vs. WL.
WL, white light; BLI, blue laser imaging; LCI, Linked color imaging; AE,
color differences.
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Figure 4. Background L*. L* represents the luminal brightness. The L* of BLI
was significantly decreased compared with that of WL and LCI. However,
LCI did not impair the luminal brightness. “P<0.001 vs. WL, LCI, and
Chromoendoscopy, “P<0.0001 vs. WL, BLI, and Chr. WL, white light; BLI,
blue laser imaging; LCI, Linked color imaging.

non-magnified and magnified (x80) images, respectively
(Table I). The overall AE was significantly increased with
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Figure 5. Neoplastic and non-neoplastic AE. In particular, LCI increased the AE of neoplastic lesions (adenoma and cancer). "P<0.05 vs. WL, BLI, and
Chromoendoscopy. WL, white light; BLI, blue laser imaging; LCI, Linked color imaging; AE, color differences.
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Figure 6. Size of neoplastic lesions and AE. LCI increased the AE of neoplastic lesions regardless of the size. "P<0.01 vs. WL, BLI, and Chr
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and BLI. WL, white light; BLI, blue laser imaging; LCI, Linked color imaging; AE, color differences.
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Figure 7. Color difference in magnified images. LCI and BLI significantly
enhanced the AE between the vessel and non-vessel areas on the surface of
the neoplastic polyps. ‘P<0.001 vs. WL, “P<0.0001 vs. WL and BLI. WL,
white light; BLI, blue laser imaging; LCI, Linked color imaging.

LCI and chromoendoscopy compared with WL and BLI. The
AE values were 11.0+£6.6, 10.7+£7.0, 15.1+9.3, and 14.8+7.2 for
WL, BLI, LCI, and chromoendoscopy, respectively (Fig. 3).
L*, which represents the lightness of a color, was significantly
reduced by BLI compared with WL, LCI, and chromoen-
doscopy (54.8+8.4, 47.7+9.7, 58.5+8.8, and 51.7+9.4 for WL,

BLI, LCI, and chromoendoscopy, respectively) (Fig. 4). The
AE values of all neoplastic lesions (adenoma and cancer)
were increased by LCI compared with WL, BLI, and
chromoendoscopy. On the other hand, the AE values of the
non-neoplastic lesions were enhanced by chromoendoscopy
compared with WL, BLI, and LCI, although the differences
were not significant (Fig. 5). Regarding the effect of lesion
size, LCI increased the AE of neoplastic polyps in not only
large (more than 6 mm in diameter) but also small (less
than 6 mm) lesions (Fig. 6). These findings suggest that
LCI enhances the visibility of polyps, especially neoplastic
polyps, even though they are small lesions, without impairing
the lightness of the color.

Color differences in magnified images. Using magnified
pictures of polyps, we calculated color differences between the
vessel and non-vessel areas in the WL, BLI, and LCI images.
The AE was 12.2+5.6, 16.1+5.5, and 20.6+9.2 for WL, BLI,
and LCI, respectively. Overall, AE was significantly increased
in BLI and LCI images compared with that in WL images.
BLI and LCI also had a significantly increased AE in magni-
fied images of neoplastic polyps (Fig. 7). These results indicate
that BLI and LCI are useful in magnifying colonoscopy for
diagnosis of colonic polyps.
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Discussion

To our knowledge, this is the first reported quantitative
evaluation of the degree to which LCI enhances colonic polyp
visibility. The results of this study revealed that LCI, compared
with WL and BLI, significantly increased the color differ-
ence between polyps and their corresponding surrounding
mucosa, without impairing luminal brightness. In particular,
LCI significantly enhanced the visibility of neoplastic lesions,
regardless of their size, but not non-neoplastic lesions, such
as hyperplastic polyps and sessile serrated adenoma/polyps
(SSA/P).

Considering that resection of polyps using colonoscopy has
been reported to prevent the occurrence of colorectal cancer
dramatically, by 76-90%, colonoscopy is considered to be the
most effective tool for colon cancer prevention (2). However,
17-24% of adenomas may be missed during colonoscopic
examination (13,14). Therefore, improved endoscopic methods
that can accurately detect adenomas have been sought. Thus
far, pan-colonic chromoendoscopy has been reported to
increase the detection of small neoplastic lesions significantly,
with significantly prolonged extubation times (6,15,16). Since
the NBI system was proposed for use during colonoscopy,
several studies have been conducted to investigate the effect of
NBI on improving the detection of colonic polyps (8). However,
in these studies using first-generation NBI, it was not shown
that NBI improves the adenoma detection rate compared with
WL endoscopy (8). The reasons why these studies failed are
considered to be related to the characteristics of NBI. For
example, on NBI colonoscopy, intestinal fluids such as bile
appear reddish, like blood, and the luminal brightness is
reduced compared with that of conventional colonoscopy (7).
Recently, a new-generation NBI system, which produces a
twofold brighter image than the previous system, was reported
to improve colonic polyp visibility and detection (17). Another
novel image enhanced endoscopy (IEE) system, BLI, which
enables one to obtain brighter images similar to new-genera-
tion NBI via the use of two different lasers creating white light
illumination and short wavelength narrow-band light observa-
tion, was also revealed to improve the visibility of colorectal
polyps (18,19). However, thus far, the extent to which these IEE
systems improve the visibility of colonic polyps has not been
evaluated quantitatively.

Interestingly, in this study, LCI, but not BLI, quantitatively
improved the visibility of colonic polyps; the corresponding
surrounding mucosa was darker using BLI compared with that
using WL and LCI. These results suggest that BLI still cannot
provide enough luminal brightness to improve the color
difference between colonic polyps and their corresponding
surrounding mucosa, even though BLI creates brighter images
than the old-generation IEE system. Therefore, we suggest that
LCI is most suitable for routine colonoscopic examination for
colonic polyp detection.

In the case of magnifying observation, BLI and LCI
provided a significant color difference between the vessel
and non-vessel (surface) area. It is well known that pit pattern
analysis via magnifying chromoendoscopy is an accurate
diagnostic method for the differentiation of colorectal lesions.
Recently, several studies found that BLI magnification is accu-
rate enough to diagnose most colorectal polyps (20,21). Thus,
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the results regarding magnified images using BLI in this study
confirm the results of those previous reports. We suggest that
LClI is also useful for magnifying observation.

This study has some limitations. First, obtaining exact
same timing of the three different color images (WL, BLI, and
LCI) for the same lesion is impossible because of time lags.
Second, this was a single-center retrospective study, and the
number of samples was small. Moreover, all endoscopic proce-
dures and selection of the images were performed by the same
endoscopist. Third, because BLI uses a narrow wavelength
range to provide information about microvessels, the color
difference calculation using the CIELAB color space might
not reflect the visibility of colonic polyps exactly. Therefore, a
larger sample size may be required to determine the efficacy
of LCI in improving the visibility of non-neoplastic polyps
including SSA/P.

In conclusion, LCI significantly improved the visibility of
colonic polyps irrespective of the size of the lesion, without
impairing the brightness of the color, and LCI and BLI signifi-
cantly improved the color differences in the magnified images
of neoplastic polyps. These outcomes support the routine use
of LCI for colonic polyp detection and of BLI for improving
magnifying observations of the colonic polyps detected by
LCI. In this study, LCI did not influence color differences in
non-neoplastic lesions, such as hyperplastic polyps and SSA/P.
Considering that SSA/P was recently recognized to have a
similar malignant potential as that of traditional adenoma,
further investigation is needed.
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