
Introduction
Non-erosive reflux disease (NERD) is defined by presence of
troublesome reflux-associated symptoms and absence of mu-
cosal breaks on endoscopy [1]. However, upon careful analysis,
the majority of NERD patients did not have completely normal
endoscopic findings and were found to have subtle distal
esophageal mucosal changes from acid refluxate. These muco-
sal changes are referred to as minimal change esophagitis

(MCE), which is characterized by edema of the mucosal folds,
reddish or whitish colors, blurring with friability of the mucosal
junction, increased vascularity and microerosion [2–3]. Some
experts have reported that superficial and small esophageal le-
sions in NERD patients that cannot be visualized by convention-
al white-light endoscopy (WLE) are possible [4]. However, with
the extensive evolution of endoscopic technologies, image re-
solution is increasing; thus, incidence of MCE identification
seems to be gradually increasing. Therefore, modification of
the conventional Los Angeles classification was proposed to in-
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ABSTRACT

Background and study aims Non-erosive reflux disease

(NERD) includes minimal change esophagitis (MCE) and no

endoscopic abnormalities. However, for most endoscopists,

it is difficult to detect MCE with conventional white-light

endoscopy (WLE). Linked color imaging (LCI) technology is

the most recently developed image-enhancing technology

and improves detection and differentiation of subtle muco-

sal changes using a color contrast method. This study asses-

sed the efficacy of WLE combined with LCI for diagnosing

MCE compared with WLE.

Patients and methods Between February and May 2017,

44 NERD patients and 40 healthy subjects were enrolled in

our study. First, the distal esophagus was examined using

WLE followed by LCI. Second, three experienced endos-

copists observed all the patients’ white-light (WL) images

and corresponding images of WL and LCI and then recorded

presence or absence of minimal change esophagitis (MCE

+/–). The proportion of minimal change between the two

groups was then compared. Third, five blinded endos-

copists with different levels of endoscopic experience as-

sessed whether MCE was present. Intraobserver reproduci-

bility and interobserver agreement were described using

the kappa value.

Results The proportion of MCE in the NERD group (70.8%,

35/48) was higher than that in the control group (22.5%,

9/40, P <0.001) when diagnosed by the three experienced

endoscopists. Detection rates for MCE using WLE combined

with LCI were higher than those using WLE (43/88, 48.9%

vs. 29/88, 33.0%, P <0.001). With WLE combined with LCI,

intraobserver reproducibility significantly improved, indi-

cating that the combined approach can improve interob-

server agreement compared with using WLE alone.

Conclusions Endoscopic diagnosis of MCE using WLE com-

bined with LCI images is effective. Intraobserver reproduci-

bility and interobserver agreement in MCE can be improved

when LCI is applied with conventional imaging (Clinical trial

registration number: NCT03068572).
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corporate MCE by adding the grades N (normal mucosa) and M
(presence of lesions) listed in Japan [5, 6].

Recently, a new LASERO system (FUJIFILM Co., Tokyo, Japan)
was developed. This novel technology can enable four types of
imaging, namely, white light, linked color imaging (LCI), flexible
spectral imaging color enhancement (FICE) and blue laser ima-
ging (BLI). LCI acquires images by simultaneously using narrow-
band short-wave-length light and white light (WL) in an appro-
priate balance [7]. LCI-acquired color information is reallocated
to differentiate colors that are similar to the mucosal color, re-
sulting in improved performance in depicting blood vessels,
and additional image processing enhances color separation for
red color, which allows for clear visualization of red blood ves-
sels and white pits [8].

Currently, LCI is intended to enhance slight color differences
in the red region of the mucosa [9]. Thus, LCI can reveal mini-
mal change lesions much more clearly, which cannot be identi-
fied by WL, image-enhanced endoscopy (IEE) or other light
sources. Until now, there have been no reports of the endo-
scopic diagnosis of MCE using LCI. Therefore, this study was
conducted to assess the effectiveness of LCI for diagnosing
MCE compared with that of conventional WLE as the primary
outcome. The secondary outcome was inter- and intraobserver
variation in use of LCI between endoscopists with different lev-
els of experience.

Patients and methods
Patients

This study was performed between February and May 2017. A
total of 254 consecutive outpatients were invited to participate
and signed an informed consent form. The Institutional Review
Board of the Affiliated Hospital of Academy of Military Medical
Sciences approved the study protocol, which was registered at
ClinicalTrials.gov (study number: NCT03068572). All patients
were asked questions from a standardized questionnaire
(GerdQ) [10] by an independent person and were enrolled if
they met the following inclusion criteria: 1) age >18 years; 2)
ability to provide written informed consent and undergo an up-
per endoscopy; and 3) more than 3 reflux episodes/week, ab-
sence of mucosal breaks on conventional endoscopy, and in-
take of standard or double doses of an oral proton pump inhib-
itor (PPI) for 2 weeks to determine the efficacy of anti-secretory
therapy (the so-called PPI test). The PPI test was considered po-
sitive when more than 50% improvement in gastroesophageal
reflux disease (GERD) symptoms was observed at the follow-
up visit [11]. Participants who responded to PPI treatment com-
prised the NERD group. Exclusion criteria: 1) erosive esophagitis
or diagnosis of erosive esophagitis within the previous 6
months; 2) presence of columnar lined epithelium; 3) evidence
of cancer or mass lesions in the esophagus or gastric lesions (ul-
cer, polyp, cancer); 4) previous gastrointestinal surgery; 5)
esophageal strictures; 6) chronic use of medications known to
affect esophageal motility; 7) presence of systemic diseases
that may interfere with esophageal motility; and 8) use of PPIs
or histamine 2-receptor antagonists in the past 4 weeks.

Gender-matched asymptomatic subjects were recruited
from a pool of individuals who had undergone endoscopy solely
for the purpose of a health check-up during the study period.
Just prior to endoscopic examination, all subjects were asked
whether they had upper gastrointestinal symptoms in the past
6 months by an independent observer. Exclusion criteria were
the same as those for the NERD group.

Baseline characteristics at enrollment, including sex, age,
height, weight, and smoking, were recorded on the GerdQ
questionnaire for GERD symptom assessment. The GerdQ was
administered before endoscopy; however, the patients were
not aware of the endoscopic findings. A total of 88 subjects
(48 in the NERD group and 40 in the control group) were includ-
ed in the study for observation and analysis.

Endoscopy equipment and procedures

All procedures were performed with a high-definition GF-
L590WR endoscope that was part of a LASEREO endoscopic sys-
tem (Fujifilm Co., Tokyo, Japan). Each patient underwent
esophageal examination for at least 1 minute using the white-
light mode; immediately thereafter, they were examined using
the LCI mode for a further 1 minute or more. An experienced
endoscopist (who had performed more than 1000 examina-
tions using LCI technology) performed the WLE and LCI endos-
copies in all subjects and digitally recorded conventional WLE
images and the corresponding LCI images of the esophagogas-
tric (EG) junction using USB flash drives.

All endoscopic images were qualified according to resolution
and comparability with counterparts. We then added three sets
of photographs to two USB flash drives. One drive (drive 1) con-
tained only conventional white-light images (WLI), and the
other drive (drive 2) contained conventional white-light and
corresponding LCI images shown together. All the names and
dates were removed from the images.

Endoscopic findings of MCE

MCE was defined as areas of erythema, blurring of the Z-line,
friability, decreased vascularity, white turbid discoloration, and
edema or accentuation of the mucosal folds [3, 5, 12]. Five par-
ticipating endoscopists with different levels of endoscopic ex-
perience were instructed beforehand to look for distal esopha-
geal mucosal minimal changes using previously described mini-
mal change findings, and some training examples were provid-
ed.

Image evaluation

First, the same experienced endoscopist and two other experi-
enced endoscopists evaluated color patterns for minimal
change in 88 pairs of collected WLI and WLI combined with LCI
images in both groups, comparing the proportion of minimal
change between the two groups. If more than one of the three
endoscopists defined a given esophagus as having minimal
change, the result was defined as MCE (+); all other results
were defined as MCE (–).

Second, five blinded endoscopists, each with different levels
of endoscopic experience, evaluated presence or absence of
minimal change using conventional endoscopic images of the

E1178 Deng Pei et al. Linked color imaging… Endoscopy International Open 2019; 06: E1177–E1183

Original article



esophagogastric junction (EGJ) in both groups and the WLI
combined with LCI images separately. Interval observation
using the two drives lasted 2 weeks. A total of 264 images
were presented in random groups of three using a USB reader
program and were randomly displayed at 15-second intervals
on a personal computer screen. Presence or absence of minimal
change was evaluated based on the definition of MCE (+) and
MCE (–). The endoscopists were not permitted to review or clas-
sify the image again nor were they informed that there would
be repeated images on each drive. None of the five endos-
copists were given any clinical information and they were una-
ware of each other’s assessments. We followed the method de-
scribed by Lee [13].

Statistical analysis and sample size

Data were analyzed using SPSS 21.0 software. Proportions of
MCE between the control group and NERD group were compar-
ed using the chi-square test. The McNemar test was used to
compare detection rates of MCE between the WLI group and
the WLI combined with LCI group. The intra- and interobserver
variation for endoscopic diagnosis of MCE by the five endos-
copists using WLI or WLI combined with LCI images was ana-
lyzed using Kappa statistics. To compute these κ coefficients
and corresponding 95% confidence intervals (CIs), we followed
the method described by Lee. Strength of agreement was de-
fined as follows: κ values greater than 0.8 denoted excellent
agreement, values ranging from 0.8 to 0.6 denoted good
agreement, values ranging from 0.6 to 0.4 denoted fair agree-

ment, and values less than 0.4 denoted poor agreement [14].
For all tests, P<0.05 indicated statistical significance.

For the sample size calculation, based on previous literature
[15–18] and previous clinical experience, we used the detec-
tion rate as the main index, with a difference value between
the detection rates of two types of detection methods of 20%,
and set 0.05 and 0.8 as the significance level and power,
respectively. Finally, we calculated the estimated number of re-
quired cases to be 77. The final number of patients was 84 by
considering the possibility of a certain amount of loss. SAS 9.2
software was used to estimate the sample size.

Results
Clinical characteristics of patients

A total of 254 consecutive patients consented to participate in
our study, 166 of whom withdrew, including 88 who were ex-
cluded due to not completing the GerdQ questionnaire, 58
who had erosive lesions, 3 who had Barrett's esophagitis, and
17 who were excluded due to negative PPI test performance
and poor images. The remaining 88 patients were included in
the study (▶Fig.1). Baseline patient characteristics included
age, gender, height, and body mass index (BMI). Forty-eight of
the 88 patients (54.5%) were male, and the mean age of our
study population was 46.5 ±12.9 years. No significant differen-
ces were found between the two groups with regard to demo-
graphic features (P>0.05).

Excluded due to 
erosive esophagitis (n = 44) 

and Barrett's esophagitis 
(n = 3)

Non-erosive reflux disease 
(n = 63)

Erosive esophagitis 
(n = 14) (excluded)

Endoscopy (WL and LCI) Endoscopy (WL and LCI)

Patients with GERD symptoms (n = 110)

Patients  recruit (n = 254)

Patients eligible and complete GerdQ (n = 166)

Controls (n = 56)

Normal study (n = 42)

Excluded 
due to 

poor LCI 
images 
(n =2)

Included in 
final 

analysis 
(n = 40)

Excluded 
due to 

poor LCI 
images 
(n = 3)

Excluded 
due to PPI 

test (–) 
(n = 12)

Included in 
final 

analysis 
(n = 48)

▶ Fig. 1 Study flow diagram.

Deng Pei et al. Linked color imaging… Endoscopy International Open 2019; 06: E1177–E1183 E1179



Endoscopic findings of MCE in LCI compared
with WLI

Minimal changes, such as whitish turbidity and erythema, that
were detected using conventional WLE images were more easi-
ly recognizable in LCI in the present LCI mode, as the white
areas appeared whiter and the red areas appeared redder
(▶Fig. 2).

Comparison of MCE with and without use of LCI

Among the 88 patients, in 44, both WLI and LCI had concordant
results, showing normal mucosa. In 28 patients, both tech-
niques were concordant in showing MCE. In 15 patients whose
results were normal based on imaging without LCI, MCE was ob-
served using LCI. One patient who had been diagnosed as hav-
ing MCE using imaging without LCI was diagnosed as normal
with LCI (P<0.001, McNemar test) (▶Table1). The MCE detec-
tion rate using LCI (43/88, 48.9%) was higher than that without
LCI (29/88, 33.0%, P<0.001). Compared with WLE, MCE was ea-
sier to detect using imaging combined with LCI.

Comparison of MCE between the NERD group and
the Control group using WLI combined with LCI

The proportion of minimal change in the NERD group (70.8%,
34/48) was higher than that in the control group (22.5%, 9/40,
P<0.001) (▶Table2).

▶ Fig. 2 Endoscopic image of edema or accentuation of the mucosal folds. A Reddish mucosal change with circular erosion was noted at the
squamocolumnar junction (arrow). a The lesion is easily recognizable on link color imaging. b Reddish mucosal change with edema was noted
(arrow). The lesion is easily recognizable as a bright reddish area mixed with purple color on link color imaging. c A prominent gastric mucosal
fold was noted at the squamocolumnar junction (arrow). The lesion is easily recognizable as red areas appear redder on link color imaging.

▶ Table 1 Comparative analysis of endoscopic assessment for pre-
sence of MCE with and without use of LCI.

MCE Positive

on WLI

Negative

on WLI

P value

Positive on (WLI + LCI) 28 15 < .001

Negative on (WLI + LCI) 1 44

MCE, minimal change esophagitis; LCI, linked color image; WLI, white-light
images. X2 =12.25, P<0.001

▶ Table 2 Comparison of MCE between NERD group and control
group by using WLI with LCI.

MCE Positive on

WLI + LCI

Negative on

WLI + LCI

P value

NERD group 34 14 < .001

Control group 9 31

MCE, minimal change esophagitis; NERD, non-erosive reflux disease; WLI,
white-light images; LCI linked color image.
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Intraobserver reproducibility

Based on presence or absence of minimal change, the intraob-
server reproducibility levels using conventional endoscopic
images and LCI images are shown in ▶Table3. Kappa values
and 95% CIs for all the endoscopists in diagnosing the 88 cases
are also shown in ▶Table 3. With only conventional illumina-
tion, intraobserver reproducibility levels were fair for A, C and
D and poor for B and E. When WLI was combined with LCI, re-
producibility levels were fair for A and B and good for C, D and
E. The results showed that the intraobserver reproducibility lev-
els when WLI was combined with LCI were better than those for
WLI alone.

Interobserver agreement

With regard to interobserver agreement, ▶Table4 shows the
observed agreements between the nine pairs of observers per-
forming endoscopic diagnosis of minimal change, along with
the corresponding kappa values and 95% CIs. When using only
conventional endoscopy, except for one pair (B to E) that was
poor, kappa values showed moderate to good agreement for
the rest of the pairs (k =0.426 to 0.705). With respect to WLI
combined with LCI, all kappa values were above 0.8, reflecting
excellent interobserver agreement. The results indicated that

the combined approach significantly improved agreement (P <
0.001).

Discussion
Currently, endoscopic features of MCE are described by most
experts as erythema, blurring of the Z-line, friability, decreased
vascularity, white turbid discoloration, and edema or accentua-
tion of the mucosal folds [3, 5, 12]. However, agreement be-
tween inexperienced endoscopists is poor for recognition of
minimal changes but good for recognition of mucosal breaks
[3]; In our study, WLI combined with LCI was an effective tool
for detection of MCE. Therefore, it will improve detection and
differentiation of subtle mucosal changes, be beneficial for tar-
geted biopsy of the suspicious area, and may improve detection
of intestinal metaplasia and early gastric cancer. Our data
showed that compared with WLE, LCI made MCE easier to de-
tect. Intraobserver reproducibility levels using WLI combined
with LCI were better than those using only WLI. When WLI was
combined with LCI, LCI improved interobserver consistency in
MCE diagnosis, and intraobserver and interobserver agreement
improved significantly. Meanwhile, prevalence of MCE in pa-
tients in the NERD group (70.8%) was significantly higher than

▶ Table 3 Intraobserver variability for endoscopic diagnosis of MCE between conventional WLI and WLI combined with LCI among 5 endoscopists and
weighted pairwise kappa statistics (95% CI).

Endoscopist A B C D E

Kappa values (95%CI)
for WLI

0.477
(0.270– 0.675)1

0.376
(0.154– 0.601)1

0.543
(0.333– 0.709)1

0.482
(0.254– 0.714)1

0.316
(0.083– 0.534)1

Kappa values (95%CI)
for WLI with LCI

0.477
(0.243– 0.666)1

0.564
(0.377– 0.727)1

0.657
(0.494– 0.813)1

0.726
(0.580– 0.863)1

0.635
(0.452– 0.795)1

MCE, minimal change esophagitis; LCI, linked color image; WLI, white-light images
1 P <0.001

▶ Table 4 Interobserver variability for endoscopic diagnosis of MCE between conventional WLI and conventional WLI combined with LCI among 5
endoscopists and weighted pairwise kappa statistics (95% CI).

Endoscopic Kappa (WLI) 95%CI Kappa (WLI + LCI) 95%CI

A to B 0.4261 0.272–0.5671 0.8631 0.779–0.9321

A to C 0.5411 0.410–0.6801 0.9091 0.839–0.9661

A to D 0.5111 0.352–0.6571 0.8741 0.794–0.9421

A to E 0.7051 0.581–0.8251 0.8971 0.819–0.9551

B to C 0.6421 0.504–0.7651 0.9081 0.838–0.9661

B to D 0.5871 0.439–0.7231 0.8971 0.818–0.9541

B to E 0.3751 0.214–0.5251 0.8971 0.827–0.9541

C to D 0.5771 0.425–0.7151 0.9201 0.861–0.9771

C to E 0.4931 0.343–0.6351 0.9201 0.856–0.9661

MCE, minimal-change esophagitis; WLI, white-light images; LCI, linked color image.
1 P <0.001
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that in the control group. LCI is a new modality for endoscopy
that creates clear and bright endoscopic images using short-
wavelength narrow-band laser light combined with white laser
light on the basis of BLI technology [8]. LCI makes red areas ap-
pear redder and white areas appear whiter, improving the view-
er's capacity to recognize slight differences in mucosal color. In
the current study, the three experienced endoscopists ob-
served MCE by comparing images with and without LCI, and
the results showed a detection rate as high as 48.9% in the LCI
group, which was obviously better than the rate of detection
without LCI (33.0%). Improvement in the detection rates resul-
ted from use of the LCI technology, which often generates a
bright field of view and can produce differences in color con-
trast in surrounding vessels, enabling easier detection of mini-
mal changes in evaluation of the distal esophagus area. Pre-
vious studies also showed that IEE technologies, such as NBI,
FICE and i-Scan, improved detection rates for esophageal injury
[4, 18–20]. However, those technologies also have some lim-
itations. For example, with NBI, most endoscopists make a di-
agnosis of MCE according to presence of increased numbers of
intrapapillary capillary loops (IPCLs) and dilated IPCLs [4], which
need to be magnified above standard levels and focused closer
to the mucosa than with the white-light system, a procedure
that can be time-consuming and quite complicated. LCI can ra-
pidly detect minimal changes without magnification, with color
contrast used instead, resulting in reduced operating times and
reduced patient pain; the technology is suitable for most
endoscopists, including beginners, resulting in good operabil-
ity.

Our study showed that intraobserver reproducibility and in-
terobserver agreement using WLI combined with LCI were bet-
ter than those using WLI alone. These differences may be due to
several reasons. First, in our study, we found that most minimal
changes appeared red under WLI, whereas the changes under
LCI appeared as a more intense red color than the surrounding
mucosa because LCI images are bright, and the red color is ad-
justed to make the lesions easily identifiable under endoscopy
[21]. LCI also clarifies and intensifies white light and provides
color images, in contrast to the monochrome images produced
by conventional image-enhanced endoscopy, thus improving
intra- and interobserver consistency. Second, all investigators
had previously agreed upon established criteria for LCI images
and were provided with some training examples before the
blinded evaluation, improving recognition of MCE. However, in
previous studies, levels of interobserver agreement for endo-
scopic diagnosis of MCE using digital chromoendoscopy were
different. For example, both FICE and pCLE have good operat-
ing characteristics and can facilitate diagnosis of minimal
change esophageal reflux disease (MERD). However, among
different observers, pCLE is more consistent on MERD diagnosis
[22]. However, there are significant limitations regarding its
practical use due to the complex manipulations involved, its
poor feasibility, and its high cost. In using LCI in clinical prac-
tice, we found that LCI improved visualization of the EGJ, im-
proving intraobserver and interobserver agreements and allow-
ing for easy recognition of standardized, simple and precise
endoscopic reading criteria of minimal mucosal changes, re-

gardless of whether the evaluators were trainees or experi-
enced endoscopists.

Our study also has limitations. First, because it was a single-
center study, the sample size was small. A larger sample size is
required to provide statistical significance for the MCE detec-
tion rate. Second, the diagnostic criteria of NERD based on
GERD symptoms may have led to formation of heterogeneous
groups with other gastrointestinal functional diseases. There-
fore, the patients in our study may have been subjected to a se-
lection bias toward recruitment of more functional heartburn
patients. Because we did not perform confirmatory testing
(i. e., 24-hour pH-metry), asymptomatic GERD and functional
heartburn patients may have been included as controls and
cases, respectively. However, this disadvantage was partially
overcome in our study by performing a PPI test instead, thus
minimizing the probability of including patients with functional
heartburn [23, 24]. Third, no histological evaluations of MCE
were conducted. Histology is the gold standard for reflux dis-
ease diagnosis, and choice of biopsy site is very important.
Variability in biopsy sites is likely to influence study outcomes;
meanwhile, lack of a standardized approach to histological as-
sessment makes direct comparisons between studies some-
what uncertain and hampers characterization of histological
changes for routine diagnostic purposes [25]. With regard to
the endoscopic description of MCE, based on current research,
there are no clear guidelines, such as the Los Angeles Classifica-
tion; therefore, endoscopists are more subjective in the diagno-
sis of MCE, and discrepancies may occur.

Conclusion
In conclusion, this prospective, single-center study revealed
that WLE combined with LCI was significantly superior to con-
ventional WLE alone in detecting MCE. Intraobserver reproduci-
bility and interobserver agreement in MCE detection were im-
proved when LCI was applied with conventional imaging. There-
fore, LCI may be used as a better IEE endoscopic technique for
detecting MCE.
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