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Abstract
BACKGROUND 
Lugol chromoendoscopy (LCE) has served as a standard screening technique in 
high-risk patients with esophageal cancer. Nevertheless, LCE is not suitable for 
general population screening given its side effects. Linked color imaging (LCI) is a 
novel image-enhanced endoscopic technique that can distinguish subtle diff-
erences in mucosal color.

AIM 
To compare the diagnostic performance of LCI with LCE in detecting esophageal 
squamous cell cancer and precancerous lesions and to evaluate whether LCE can 
be replaced by LCI in detecting esophageal neoplastic lesions.

METHODS 
In this prospective study, we enrolled 543 patients who underwent white light 
imaging (WLI), LCI and LCE successively. We compared the sensitivity and 
specificity of LCI and LCE in the detection of esophageal neoplastic lesions. 
Clinicopathological features and color analysis of lesions were assessed.

RESULTS 
In total, 43 patients (45 neoplastic lesions) were analyzed. Among them, 36 
patients (38 neoplastic lesions) were diagnosed with LCI, and 39 patients (41 
neoplastic lesions) were diagnosed with LCE. The sensitivity of LCI was similar to 
that of LCE (83.7% vs 90.7%, P = 0.520), whereas the specificity of LCI was greater 
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than that of LCE (92.4% vs 87.0%, P = 0.007). The LCI procedure time in the esophageal 
examination was significantly shorter than that of LCE [42 (34, 50) s vs 160 (130, 189) s, P < 0.001]. 
The color difference between the lesion and surrounding mucosa in LCI was significantly greater 
than that observed with WLI. However, the color difference in LCI was similar in different 
pathological types of esophageal squamous cell cancer.

CONCLUSION 
LCI offers greater specificity than LCE in the detection of esophageal squamous cell cancer and 
precancerous lesions, and LCI represents a promising screening strategy for general populations.

Key Words: Linked color imaging; Lugol chromoendoscopy; Esophageal squamous cell cancer; Precancerous 
lesions; Color difference

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Lugol chromoendoscopy (LCE) has served as the standard screening technique in high-risk 
patients with esophageal cancer. Nevertheless, LCE can induce esophageal spasms and chest pain and is 
associated with the risk of aspiration and iodine allergy. Therefore, LCE is not suitable for general 
population screening. Linked color imaging (LCI) is a novel image-enhanced endoscopy that can 
distinguish subtle differences in mucosal color. In this study, we compared the use of LCI and LCE in the 
screening of esophageal neoplastic lesions. Based on our analysis, we found that LCI is more specific than 
LCE and represents a promising screening strategy.
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INTRODUCTION
Esophageal cancer is the seventh most common cancer and the sixth leading cause of cancer-related 
deaths worldwide[1]. Most patients with esophageal cancer have progressed to an advanced stage when 
diagnosed, with poor quality of life and an overall 5-year survival rate of less than 20%[2,3]. Esophageal 
squamous cell carcinoma (ESCC) is the most common form of esophageal cancer worldwide, repres-
enting greater than 85% of all esophageal cancer cases[4,5]. Curative resection using endoscopic mucosal 
resection or endoscopic submucosal dissection is possible for lesions with high-grade intraepithelial 
neoplasia and most T1 tumors, offering less trauma, faster recovery and fewer complications[6]. 
Therefore, early diagnosis is critical for treatment success and prognostic improvement. Early identi-
fication and timely intervention of esophageal cancer or precancerous lesions are of great significance to 
delay the progression of the disease, improve the prognosis and improve the quality of life.

However, under white light imaging (WLI) endoscopy, early neoplastic lesions are easily missed due 
to the presence of small lesion areas and subtle differences in the surrounding mucosa color[7]. Histor-
ically, Lugol chromoendoscopy (LCE) has served as the standard diagnostic technique given its higher 
detection rate[8-12]. However, its specificity is low due to light staining under conditions of inflam-
mation, which has been demonstrated in previous studies[13-15]. Furthermore, LCE occasionally 
induces esophageal spasms and chest pain and is associated with the risk of aspiration and iodine 
allergy[16,17].

With the advent of image-enhanced endoscopy, many studies have confirmed its efcacy in 
diagnosing upper gastrointestinal neoplasms[13,18]. The LASEREO system (Fujilm Corporation, 
Tokyo, Japan), a new linked color imaging (LCI) technology, was recently developed. LCI images are 
illuminated with white light and short wavelength narrow-band light in an appropriate proportion 
simultaneously to realize the simultaneous expansion and contraction of colors. This procedure 
facilitates enhancement of the red and white colors and makes it easier for the operators to identify the 
subtle differences in mucosal color[18-21]. In our clinical work, it was found that LCI significantly 
improved the ability to identify lesions. In a large-scale randomized comparative study, Ono et al[20] 
reported the superiority of LCI over WLI in detecting neoplastic lesions in the upper gastrointestinal 
tract. Previous studies reported the usefulness of LCI for esophageal neoplasm detection and 
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assessments of invasive depth[20-24]. Although Yi et al[25] compared LCI and LCE in the diagnosis of 
multiple primary esophageal cancers, no prospective study has compared the diagnosability of LCI with 
LCE in screening esophageal neoplastic lesions to date. Therefore, we conducted a prospective 
noninferiority study to compare the efficacy of non-magnifying LCI and LCE in detecting and 
diagnosing ESCC and precancerous lesions. We evaluated whether LCE can be replaced by LCI in 
detecting esophageal neoplastic lesions for the general population.

MATERIALS AND METHODS
Study design
This was a single-center, prospective, registered clinical study (No. ChiCTR2100045636) conducted at 
the First Medical Center of Chinese PLA General Hospital that compared the detection of ESCC and 
precancerous lesions using LCI vs LCE after a conventional white light examination. Endoscopic biopsy 
is considered the gold standard for ESCC detection. The study was approved by the medical ethics 
committee of the Chinese PLA General Hospital (Beijing, China), and informed consent forms were 
obtained from all patients.

Patients
The regional screening studies of esophageal cancer in China revealed that endoscopic screening 
starting at 40 years of age was cost-effective[26,27]. We recommended 40 years as the beginning age for 
screening in the Chinese consensus[28]. The following inclusion criteria were employed: (1) Age > 40-
year-old; and (2) Provision of written consent to participate. The exclusion criteria were as follows: (1) 
Contraindication for upper gastrointestinal endoscopy or general anesthesia; (2) Iodine allergy or 
hyperthyroidism; and (3) Previous surgical resection or chemotherapy, radiotherapy or chemoradio-
therapy for ESCC (as these procedures may influence the mucosal surface, which is important for 
detecting these lesions).

Diagnostic strategies
This study used an upper EG-590WR scope (Fujilm) for gastroscopy. The specic examination 
procedure was performed as follows. First, WLI examination was performed, and all detected lesions 
were described. Second, LCI examination was performed, and all lesions detected were recorded in the 
report (another researcher) but not biopsied immediately to avoid bleeding that could influence the 
Lugol examination. Third, LCE was performed (2% Lugol dye was spread over the entire esophagus 
using a spray catheter except near the upper esophageal sphincter given the risk of aspiration), and we 
biopsied the suspected lesions detected by LCE. Finally, vitamin C solution was used to discolor the 
Lugol-stained mucosa[29], and lesions suspected only in LCI mode were biopsied based on the recorded 
location. All suspected lesions were biopsied, and the modality (only LCI, only LCE, or both LCI and 
LCE) that detected each lesion was indicated in the report. A flow chart of the study is described in 
Figure 1. All endoscopic operators were experienced and had completed at least 1000 endoscopies. The 
diagnosis modality (LCI or/and LCE), size, location and macroscopic type (Paris classification[30]) of 
each detected lesion were recorded and described after examination.

Outcome
The diagnostic criteria for intraepithelial neoplasia and ESCC proposed by the Vienna Classification are 
as follows: Low-grade intraepithelial neoplasia (LGIN); high-grade intraepithelial neoplasia (HGIN), 
ESCC and negative for neoplasia, including chronic esophagitis[31]. The primary outcome was the 
sensitivity and specificity of the diagnostic strategies to detect squamous cell neoplastic lesions (LGIN, 
HGIN and/or ESCC) according to histology. Endoscopically suspicious ESCC lesions and precancerous 
lesions were defined as follows: (1) The presence of a reddish color change with a rough mucosal 
surface in WLI (Figure 2A); (2) The presence of a well-demarcated red or red-orange color region in LCI 
(Figure 2B)[21,22]; and (3) The presence of a well-demarcated unstained area ≥ 5 mm in diameter or a 
pink color area after iodine staining given that a Lugol-voiding lesion is more likely to be neoplastic 
with increasing size (Figure 2C)[32,33].

All suspected lesions were pathologically evaluated by biopsy to determine their neoplastic nature. If 
the lesion was confirmed to be neoplastic, it was a true positive for the detection modality. Conversely, 
for non-neoplastic lesions, an unconfirmed suspected lesion was defined as a false positive for the 
detection modality.

Major outcomes included sensitivity and specificity. The secondary outcome was procedure time. It 
was possible to determine the length of the imaging operation using a clock linked to the endoscopic 
equipment. The LCI procedure time was defined as the total examination time from the epiglottis to the 
dentate line in the image les. The LCE procedure time was defined as the examination time from 
spraying Lugol dye to complete discoloration.
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Figure 1 Flow chart of study design. ESCC: Esophageal squamous cell carcinoma; GI: Gastrointestinal; LCE: Lugol chromoendoscopy; LCI: Linked color 
imaging; WLI: White light imaging.

Sample size
In this study, we calculated the required sample size for a noninferiority test using the PASS 15.0.5 
sample size software (NCSS, LLC, Kaysville, UT, United States). We regarded LCE as the reference 
endoscopy technique, and sensitivity was assumed to be 90.0%[13,14]. A sensitivity of 80.0% would be a 
clinically adequate diagnostic value for screening endoscopy for ESCC. The sample size required was 
535 patients using the Z test with pooled variance for a statistical power of 90% with statistical 
significance defined as P < 0.05 (α = 0.05 and β = 0.10).

Color analysis
Color analysis was performed using Adobe Photoshop CC2017 (Adobe Systems Inc., San Jose, CA, 
United States). First, regions of interest of the lesion mucosa and surrounding mucosa were selected in 
WLI and LCI, separately (Figure 3). Second, the Commission International de l’Eclairage - L*a*b* color 
space was used to evaluate the mean color value in the regions of interest[34]. The three-dimensional 
color parameters L* (black to white; range: 0 to + 100), a* (green to red; range: 128 to + 127) and b* (blue 
to yellow; range: 128 to + 127) were used to define the color value. In Photoshop, L*, a* and b* represent 
color scores (Lab color unit). Third, the color difference between the lesion and the surrounding mucosa 
(ΔE) was represented by the distance connecting the two points:

To reduce the influence of color difference depending on imaging conditions, we chose similar 
distance and angle images in each mode to calculate color values. We calculated the ΔE of each image 
in LCI and WLI. In addition, we calculated the ΔE of different neoplastic pathologies in LCI and 
compared them.

Statistical analysis
All analyses were performed using SPSS 26.0 statistical software (IBM Corp., Armonk, NY, United 
States). The characteristics and diagnostic yields of patients were presented as percentages (%) or 
medians (interquartile range), and the color difference variables were expressed as the mean ± SD. 
Continuous variables were compared using the student’s t-test or the Mann-Whitney U test, whereas 
categorical variables were compared using Pearson’s χ2 test or Fisher’s exact test. A two-tailed P value of 
< 0.05 was considered statistically significant. The statistical methods of this study were reviewed by the 
staff of the Department of Epidemiology and Statistics from the First Medical Center of PLA General 
Hospital (Beijing, China).
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Figure 2 A single esophageal squamous cell carcinoma lesion visualized under the three detection methods. A: Under white light imaging; B: 
Under linked color imaging; C: Under Lugol chromoendoscopy.

Figure 3 Method to measure the color difference between neoplastic and non-neoplastic lesions detected by white light imaging and 
linked color imaging. A: Neoplastic lesion (1) and non-neoplastic lesion (2) detected by white light imaging; B: Neoplastic lesion (3) and non-neoplastic lesion (4) 
detected by linked color imaging.

RESULTS
Participants
From March 2021 to May 2022, a total of 543 patients were enrolled in our study (Figure 1). Among 
them, a total of 141 suspected lesions were identified in 115 patients. Of these lesions, 45 neoplastic 
lesions (17 ESCC, 3 HGIN and 25 LGIN) were histologically confirmed in 43 (7.8%) patients (Table 1). 
Among the 45 lesions, 38 lesions (17 ESCC, 3 HGIN and 18 LGIN) were endoscopically suspicious 
during LCI examination; further, 41 lesions (17 ESCC, 3 HGIN and 21 LGIN) were endoscopically 
suspicious during LCE examination. Regarding the diagnostic modality of the 45 lesions, 34 (75.6%) 
lesions were identified by LCI and LCE compared to 4 (8.9%) lesions that were detected only by LCI and 
7 (15.6%) lesions that were detected only by LCE.

Diagnostic performance of LCI and LCE for neoplastic lesions
In LCI mode, 74 suspected lesions underwent histological examination, and 38 lesions were confirmed 
histologically in 36 patients. In LCE mode, 104 suspected lesions were detected, and 41 lesions were 
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Table 1 Clinicopathological features of the patients

Item n % (n/n total)

Patients with suspected lesions1 115 21.2 (115/543)

Inflammation 72 13.2

LGIN 25 4.6

HGIN 3 0.5

ESCC 15 2.7

Suspected lesions, including non-neoplastic 141 -

Neoplastic lesions2 45 31.9 (45/141)

LGIN 25 17.7 (25/141)

HGIN 3 2.1 (3/141)

ESCC 17 12.1 (17/141)

Neoplastic lesions detected with LCI

LGIN 18 72.0 (18/25)

HGIN 3 100 (3/3)

ESCC 17 100 (17/17)

Neoplastic lesions detected with LCE

LGIN 21 84.0 (21/25)

HGIN 3 100 (3/3)

ESCC 17 100 (17/17)

Neoplastic lesions detected by different diagnosis modality

Only LCI 4 8.9 (4/45)

Only LCE 7 15.6 (7/45)

Both LCI and LCE 34 75.6 (34/45)

Neoplastic lesions per patient, mean (SD) 0.08 (0.29)

1Suspected lesions included neoplastic lesions and false positives (lesions detected but not confirmed to be neoplastic after histological examination).
2Neoplastic lesions confirmed by histological examination.
ESCC: Esophageal squamous cell carcinoma; HGIN: High-grade intraepithelial neoplasia; LCE: Lugol chromoendoscopy; LCI: Linked color imaging; 
LGIN; Low-grade intraepithelial neoplasia; SD: Standard deviation.

histologically confirmed in 39 patients. In Table 2, the sensitivity, specificity, positive predictive value 
and negative predictive value for LCI for the diagnosis of ESCC/HGIN/LGIN were 83.7%, 92.4%, 48.6% 
and 98.5%, respectively. The sensitivity, specificity, positive predictive value and negative predictive 
value for LCE were 90.7%, 87.0%, 37.5% and 99.1%, respectively. No significant differences in 
sensitivity, positive predictive value and negative predictive value were noted between LCI and LCE. 
However, the specificity of LCI was significantly higher than that of LCE (92.4% vs 87.0%, P = 0.0023).

Characteristics of the neoplastic lesions detected by LCI and LCE
The characteristics of the neoplastic lesions detected by LCI and LCE of the respective comparison 
groups are shown in Table 3. No significant differences in lesion location, size, morphologic type or 
pathology were noted between the two modality groups. However, the procedure time was 
significantly shorter for the LCI group compared with the LCE group [42 (34, 50) s vs 160 (130, 189) s, P 
< 0.001].

All detected neoplastic lesions were further divided into three subgroups according to the different 
diagnosis modalities: LCI only group (detected by LCI only, n = 4 lesions), LCE only group (detected by 
LCE only, n = 7 lesions), and LCI + LCE group (detected by both LCI and LCE, n = 34 lesions). We 
compared the clinicopathological features of the three groups in Supplementary Table 1. The lesion 
location, morphologic type and pathology were comparable among the three groups. However, the 
lesion sizes of the three groups were significantly different: 20 (55.8%) lesions in the LCI + LCE group 
were > 20 mm; 3 (75%) lesions in the LCI only group were ≤ 10 mm; and 7 (100%) lesions in the LCE 
only group were ≤ 10 mm (P = 0.016). We further compared the lesion size in the LCI only group and 

https://f6publishing.blob.core.windows.net/a1a41ae7-2ca3-47ba-9e90-3c67a9f51477/WJG-29-1899-supplementary-material.pdf
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Table 2 Esophageal neoplastic lesions (non-inflammation) detected using linked color imaging and Lugol chromoendoscopy

Parameter LCI LCE P value

Sensitivity 83.7 (36/43) 90.7 (39/43) 0.520

Specificity 92.4 (462/500) 87.0 (435/500) 0.0071

PPV 48.6 (36/74) 37.5 (39/104) 0.166

NPV 98.5 (462/469) 99.1 (435/439) 0.549

1P < 0.01.
Data are presented as % (n/n total). LCE: Lugol chromoendoscopy; LCI: Linked color imaging; NPV: Negative predictive value; PPV: Positive predictive 
value.

Table 3 Clinicopathological features of neoplastic lesions (non-inflammation) detected by linked color imaging and Lugol 
chromoendoscopy, n (%)

Item Detected by LCI, n = 36 
patients/38 lesions

Detected by LCE, n = 39 
patients/41 lesions P value

Lesion location 0.969

Upper 3 (7.9) 3 (7.3)

Middle 11 (28.9) 11 (26.8)

Lower 24 (63.2) 27 (65.9)

Morphologic type 0.902

I 1 (2.6) 1 (2.4)

IIa 9 (23.7) 8 (19.5)

IIb 18 (47.4) 24 (58.5)

IIc 9 (23.7) 7 (17.1)

III 1 (2.6) 1 (2.4)

Size in mm 0.814

≤ 10 14 (36.8) 18 (43.9)

10-20 3 (7.9) 3 (7.3)

> 20 21 (55.3) 20 (48.8)

Pathology 0.998

LGIN 18 (47.4) 21 (51.2)

HGIN 3 (7.9) 3 (7.3)

EP/LPM 3 (7.9) 3 (7.3)

MM/SM1 1 (2.6) 1 (2.4)

ESCC

≥ SM2 13 (34.2) 13 (31.7)

Procedure time (s), median (IQR) 42 (34, 50) 160 (130, 189) < 0.0011

1P value < 0.01.
EP: Epithelial; ESCC: Esophageal squamous cell carcinoma; HGIN: High-grade intraepithelial neoplasia; IQR: Interquartile range; LCE: Lugol 
chromoendoscopy; LCI: Linked color imaging; LGIN: Low-grade intraepithelial neoplasia; LPM: Lamina propria mucosa; MM: Muscularis mucosa; SM1: 
Submucosa invading ≤ 200 μm below the inferior margin of the muscularis mucosa; SM2: Submucosa invading > 200 μm below the inferior margin of the 
muscularis mucosa.

LCE only group, and the difference was not statistically significant (P = 0.364).

Color analysis
Of the 45 neoplastic lesions, 30 lesions had endoscopic images with clear visibility. Color analysis was 
conducted in the 30 lesions. Supplementary Table 2 compares the color difference between the lesion 
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and surrounding mucosa in WLI and LCI. We found that the ΔE between the lesions and the 
surrounding mucosa was significantly higher in LCI compared with WLI (21.20 ± 9.79 vs 15.92 ± 7.50, 
respectively, P = 0.023). For the three-dimensional color parameters of L*a*b*, Δa* was higher in LCI 
than in WLI (12.43 ± 10.00 vs 4.97 ± 6.96, respectively, P = 0.001), and ΔL* and Δb* were similar in LCI 
and WLI. We further analyzed the color difference between the lesion and surrounding mucosa in 
different neoplastic pathologies (LGIN, HGIN and ESCC) in LCI mode, as shown in Supple-
mentary Table 3. However, no significant differences in ΔE, ΔL*, Δa* and Δb* were noted among the 
three pathological types.

DISCUSSION
In this prospective study, we demonstrated that the sensitivity and specificity of LCI to detect ESCC 
and/or precancerous lesions (LGIN or/and HGIN) are acceptable. The specificity of LCI is higher than 
that of LCE, and the differences in sensitivity between the two modes were not obvious.

Previous studies have reported the utility of LCE in the detection of esophageal cancer[7,10-12]. LCE 
has served as the reference technique in patients at high risk for esophageal cancer[8,9]. Nevertheless, 
LCE is not suitable for general population screening given its side effects[16,17]. As a type of enhanced 
endoscopy, some studies have shown that narrow-band imaging is comparable to LCE in detecting 
esophageal cancer due to its excellent sensitivity and specificity[13-15]. Narrow-band imaging is 
typically combined with magnifying endoscopy, and the requirements for hospitals and operators are 
relatively high. LCI is a novel enhanced endoscopic technique, and Ono et al[20] reported that the 
detection rate of LCI in the diagnosis of neoplastic lesions in the upper gastrointestinal tract is 1.67 times 
higher than that of WLI. Yi et al[25] compared LCI and LCE in the detection of multiple primary 
esophageal cancers in primary ESCC patients and found that both modalities exhibited great value for 
multiple primary esophageal cancers. However, no study has compared their screening ability. To the 
best of our knowledge, this was the first prospective study to compare the effectiveness of LCI and LCE 
in screening esophageal cancer and precancerous lesions.

The present results showed that LCI is significantly more specific than LCE (92.4% vs 87.0%, P = 
0.0023), and both modes exhibited high sensitivity for detecting neoplastic lesions (LGIN/HGIN/ESCC) 
(83.7% vs 90.7%, P = 0.520). The lesions were all pathologically diagnosed as LGIN (7 lesions in LCI and 
4 in LCE). Therefore, our study results were consistent with previously published data reporting that 
the sensitivity of narrow-band imaging and Lugol for the diagnosis of ESCC and/or HGIN was approx-
imately 100%[13,14]. The LCI only group included a lesion approximately 4 cm in length, and no 
unstained areas were observed. Based on the endoscopic findings, we thought that it was an erosive 
mucosal lesion caused by gastric acid reflux. Our results indicate that the capability of LCI to detect 
neoplastic lesions is acceptable.

The LCI technique is convenient for clinical endoscopists to use with the Fujilm system because the 
imaging modes can easily be switched during the examination. Thus, the process is not as time-
consuming as iodine staining. In our research, the median LCI procedure time was significantly shorter 
than for LCE (42 s vs 160 s, P < 0.001). In addition, Lugol solution can irritate the mucosa and may cause 
many side effects (chemical esophagitis, laryngitis, bronchopneumonia, chest pain, esophagospasm, 
gastritis and hypersensitivity)[16,17]. In clinical practice, the upper end of the Lugol staining site is 
generally less than 20 cm from the incisor given the high risk of solution aspiration. Therefore, it is 
difficult to detect cervical esophageal lesions, which reduces the detection of synchronous or 
metachronous neoplastic lesions. Therefore, the LCI technique is more useful for the diagnosis of ESCC 
or precancerous lesions given the mild mucosal irritation.

After color analysis, we found that the color difference between the lesion and the surrounding 
mucosa was greater for LCI compared with WLI. The results demonstrated that the lesion was more 
visible in LCI mode, which is consistent with previous studies[18,19,21,22]. Kobayashi et al[21] invest-
igated the relationship between color information and the invasion depth of ESCC in LCI mode. They 
found that the color difference was greater in muscularis mucosa/submucosa invading ≤ 200 μm below 
the inferior margin of the muscularis mucosa or deeper lesions compared with epithelium and lamina 
propria mucosa lesions using LCI. However, they did not compare the color differences between ESCC 
and precancerous lesions. In our study, we further compared the color difference of different neoplastic 
pathologies in LCI mode, and the differences among LGIN, HGIN and ESCC were not significant. 
Notably, Tsunoda et al[35] reported a case using LCI and blue laser imaging with Lugol staining to 
provide an accurate diagnosis of ESCC and squamous intraepithelial neoplasia. Therefore, whether LCI 
and blue laser imaging combined with Lugol staining can be used to evaluate esophageal neoplastic 
lesions before endoscopic treatment deserves further study.

There are some limitations in our study. First, the number of lesions, especially neoplastic lesions, 
was low. Second, LCI and LCE can be performed sequentially during the same endoscopy procedure, 
but it is impossible to perform them in the reverse order. Thus, we were unable to perform a random 
crossover trial. Third, the images obtained in this study included two arbitrary regions of interest in the 
lesion mucosa and surrounding mucosa, which may have sampling errors and affected the 

https://f6publishing.blob.core.windows.net/a1a41ae7-2ca3-47ba-9e90-3c67a9f51477/WJG-29-1899-supplementary-material.pdf
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measurement results. However, for the WLI and LCI modes, we choose similar distance and angle 
images to calculate color values to reduce the influence of color differences based on various conditions. 
In the future, we need to conduct a multicenter study and collect more neoplastic lesions to further 
evaluate the usefulness of LCI. Further evaluation of the validity of LCI in diagnosing the depth of 
invasion of ESCC is also warranted.

CONCLUSION
Our study confirmed that LCI is efficient and specific for the surveillance of ESCC without causing 
discomfort. In the future, LCI, as a promising screening strategy, could replace LCE in the screening of 
esophageal neoplastic lesions in the general population.

ARTICLE HIGHLIGHTS
Research background
Lugol chromoendoscopy (LCE) has served as a standard screening technique in high-risk patients with 
esophageal cancer. Nevertheless, LCE is not suitable for the general population screening given its side 
effects. Linked color imaging (LCI) is a novel image-enhanced endoscopic technique that can distinguish 
subtle differences in mucosal color. It would be beneficial for the general population if LCE can provide 
similar diagnostic performance to LCI.

Research motivation
We compared the diagnostic performance of LCI with LCE in detecting esophageal squamous cell 
carcinoma (ESCC) and precancerous lesions. If LCI can replace LCE in detecting esophageal neoplastic 
lesions, it would be useful for esophageal screening in the general population.

Research objectives
As a novel image-enhanced endoscopic technique, LCI has been confirmed to be superior to white light 
imaging (WLI) in detecting neoplastic lesions in the upper gastrointestinal tract. We aimed to confirm 
that the diagnostic performance of LCI is comparable to LCE for the surveillance of ESCC.

Research methods
This was a single-center, prospective, registered clinical study. In this noninferiority study, we 
prospectively enrolled 543 patients who underwent WLI, LCI and LCE successively. We compared the 
sensitivity and specificity of LCI and LCE in the detection of esophageal neoplastic lesions. We further 
used L*a*b* color space to evaluate the color differences of LCI.

Research results
In total, 43 patients were analyzed. The sensitivity of LCI was similar to that of LCE, whereas the 
specificity of LCI was greater than that of LCE. The LCI procedure time in the esophageal examination 
was significantly shorter than that of LCE. However, the color difference in LCI was similar in different 
pathological types.

Research conclusions
Our study showed that LCI is efficient and specific for the surveillance of ESCC without causing 
discomfort. In the future, LCI, as a promising screening strategy, could replace LCE in the screening of 
esophageal neoplastic lesions in the general population.

Research perspectives
Because of the low detection rate of esophageal cancer, we were only able to enroll a limited number of 
neoplastic lesions. In the future, we need to conduct a multicenter study and collect more neoplastic 
lesions to further evaluate the usefulness of LCI. Further evaluation of the validity of LCI in diagnosing 
the depth of invasion of ESCC is also warranted.
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