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Abstract
Background At present, conventional endoscopy and chromoendoscopy using indigo carmine (IC) is a very useful 
method to determine the demarcation line (DL) of early gastric cancer lesions, but it is not suitable for all lesions.

Aims This study aimed to determine the applicable conditions for IC chromoendoscopy.

Methods We retrospectively evaluated 187 lesions in 181 patients who had an endoscopic diagnosis of EGC and 
were treated with endoscopic submucosal dissection (ESD). According to the existence of the DL between the lesion 
mucosa and normal mucosa with IC chromoendoscopy, the lesions were divided into two groups: clear group and 
unclear group. Clinicopathological characteristics were evaluated in each group. From January 2022 to March 2023, 
the postoperative pathological sections of 19 lesions (81 slices) in the clear group and 19 lesions (80 slices) in unclear 
group were scanned with high definition, and the crypt structure between the two groups was evaluated.

Results There was no significant difference in clinical factors between the clear group and unclear group. There were 
significant differences in crypt area, crypt length, and crypt opening diameter between the two groups. In the clear 
group, there were significant differences in crypt area, crypt length, and crypt opening diameter between the normal 
area and cancer area, but there was no significant difference in the unclear group.

Conclusions The margins of lesions with fused or absent crypt structures, a small crypt area, a short crypt length, and 
a short crypt opening diameter can be easily determined with IC chromoendoscopy.
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Introduction
Endoscopic submucosal dissection (ESD) has been widely 
accepted for the resection of early gastric cancer (EGC) 
with a low risk of lymph node metastasis due to its advan-
tages of minimal trauma, total resection, and good prog-
nosis. During this procedure, the accurate determination 
of the tumor edge is a necessary condition to avoid the 
residual margin and achieve complete resection [1, 2].

Recently, for tumor border determination, we have 
mainly relied on white light endoscopy (WLE) combined 
with chromoendoscopy and magnifying endoscopy with 
narrowband imaging (ME-NBI). Chromoendoscopy is 
more widely applied in clinics than ME-NBI due to its 
simple operation and lack of need for additional endo-
scopic equipment [3]. Indigo carmine, the representative, 
can clearly display the morphological characteristics of 
gastric mucosal microlesions and delineate the demarca-
tion line of the lesions by increasing the contrast between 
normal and pathological areas. However, this method 
is not effective for all early gastric cancer lesions. It has 
been reported that approximately 20% of lesion bound-
aries cannot be clearly shown after staining [4]. In such 
cases, ME-NBI may be an effective remedial measure, but 
because it requires special endoscopic equipment, it is 
bound to increase the risk of secondary entry. Therefore, 
it is crucially important to select the appropriate exami-
nation method to accurately evaluate the lesion before 
the operation, and it also requires us to clarify the appli-
cable conditions of each method.

In addition, the IC-staining mechanism is mainly 
due to the fact that the gastric mucosal epithelium can-
not absorb IC, thus allowing it to be deposited into the 
depressed structures of the mucosal surface [5]. There-
fore, the staining effect of IC chromoendoscopy should 
be inextricably linked to the microstructure of the 
mucosal surface. However, this has not been confirmed 
by previous studies. Given this background, the present 
study aimed to determine the applicable conditions of IC 
to identify the demarcation lines of early gastric cancer 
lesions on the one hand and to explore the relationship 
between the surface microstructure of mucosa and the 
effect of indigo carmine staining on the other hand.

Materials and methods
Participants
Patients with EGC treated in the Second Affiliated Hos-
pital of Xi’an Jiaotong University from January 2015 to 
March 2023 who met the following inclusion and exclu-
sion criteria were included in the study. The inclusion cri-
teria for this study were as follows: ① Patients diagnosed 
with EGC or high-grade intraepithelial neoplasia accord-
ing to WHO histological diagnostic criteria; ② Patients 
who underwent ESD without any antitumor therapy 
before the operation; ③ IC chromoendoscopy was used 

to determine the horizontal border of the lesion before 
the operation; ④ Lump resection. The exclusion criteria 
were as follows: ① Patients diagnosed with recurrent gas-
tric cancer or gastric stump cancer; ② The endoscopic 
picture and image data were unclear or missing; ③ The 
clinical pathological data were incomplete. All ESD pro-
cedures in this study were performed by two physicians 
with over 10 years of endoscopic experience. This study 
was approved by the Medical Ethics Committee of the 
Second Affiliated Hospital of Xi’an Jiaotong University 
(Approval No. 2021196). Since the study neither contains 
personal information nor involves commercial interests, 
the requirement for informed consent was waived by the 
committee during the ethical application process.

Data collection
The following data were collected: gender, age, height, 
weight, history of smoking and drinking, past history, 
tumor location, tumor diameter, macroscopic type, 
depth of invasion, histopathology, lesion characteristics, 
atrophy, intestinal metaplasia, tumor markers (Carcino-
embryonic antigen, CEA; Carbohydrate antigen199, 
CA199; Carbohydrate antigen724, CA724), lymphatic 
and vascular invasion.

Definition
Based on the visibility of the demarcation line (DL) after 
indigo carmine staining, the lesions were categorized into 
a clear group and an unclear group. The determination of 
DL required meeting two criteria: the absence of regular 
features in the background mucosa and the detection of 
an irregular surface structure within the marginal line 
[6]. The clear group was defined by a distinct DL between 
the normal mucosa and the lesion mucosa approximately 
2–3  min after indigo carmine staining (Fig.  1a and b). 
Conversely, the unclear group was characterized by the 
absence of a discernible DL between the normal mucosa 
and the pathological mucosa following staining (Fig.  1c 
and d) [7]. For accurate diagnosis of the lesion bound-
ary in the unclear group, ME-NBI was employed. The 
margins were determined based on: (1) abrupt changes 
in the regular microvascular and microsurface pat-
terns in the normal mucosa, and (2) detection of irreg-
ular microvascular or microsurface patterns inside the 
demarcation line [8, 9]. Once the lesion boundary was 
established, electrocoagulation marking was performed 
with an electrotome approximately 5 mm from the lesion 
boundary, defining the precise scope for lesion resection. 
The staining results were determined by an experienced 
endoscopic physician without knowing the histological 
results of the biopsy before the operation. The general 
classification of lesions was performed according to the 
2005 Paris classification standard [10]. According to the 
WHO classification standard of digestive system tumors 
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[11], the lesions were divided into the differentiated type 
and undifferentiated type. The diagnosis of atrophy and 
intestinal metaplasia (IM) was based on the pathological 
results.

Histological measurement
From January 2022 to March 2023, a total of 19 lesions 
were included in the clear group and 5 lesions were 
included in the unclear group. In order to make the two 
groups comparable, 14 cases of unclear lesions matched 
with clear lesions before 2022 were also included in the 
unclear group. All the obtained pathological sections 
stained by hematoxylin and eosin (HE) were scanned with 
Nano Zoomer (Hamamatsu Photonics, Shizuoka, Japan). 
The slides were viewed with NDP View 2 software (Ham-
amatsu Photonics, Shizuoka, Japan), and the parts with-
out tissue breakage, deletion, or overlap were collected 
under a 5X visual field (Fig.  2a). The collected images 
were sequentially imported into ImageJ software(NIH, 
Bethesda, USA), and the following histological data were 
measured with reference to the experience of Kenta Chu-
man et al. [12]. ①crypt area, the area occupied by each 

crypt opening (Fig. 2b); ②crypt length, the distance from 
the center of the crypt opening to the deepest part of the 
crypt (Fig.  2c); ③crypt opening diameter, the distance 
across the crypt opening (Fig. 2d); ④intercrypt distance, 
the distance between crypts (Fig.  2e). Histological data 
were measured by an experienced pathologist who was 
blinded to the endoscopy results. After reading and ana-
lyzing all the pathological pictures, it was found that the 
changes in crypt structure were mainly manifested in 
three types: regular crypts (Fig. 2f ), fused crypts (Fig. 2g), 
and absent crypts (Fig. 2h). The crypt type of the lesion 
was determined by more than half of the structural 
changes in the whole pathological section.

Statistical analysis
Statistical analysis was performed with SPSS 17.0 soft-
ware (SPSS Inc., Chicago, IL, USA). The counting data 
between the clear group and unclear group are expressed 
by the constituent ratio; differences in lesion-related fac-
tors were analyzed with the chi-square test or Fisher’s 
exact probability method. Histological-related meteoro-
logical data are expressed as −

x ± s and a t-test was used 

Fig. 1 Example cases of border distinction on WLE and IC chromoendoscopy. a, b A case of a differentiated EGC lesion. a On WLE, a flat lesion with 
central redness and peripheral roughness was seen at the gastric body. Its border appeared indistinct. b After AI chromoendoscopy, the border of the 
lesion became clear. The dotted white box shown by the red arrow is the boundary of the lesion. c, d A case of multiple undifferentiated EGC lesions. c 
On WLE, a superficial depressed lesion was shown at the gastric antrum. Its border appeared indistinct. d After AI chromoendoscopy, the border of the 
lesion became unclear
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to evaluate the difference between the two groups. For 
groups that did not satisfy a normal distribution, appro-
priate non-parametric tests were employed. One-way 
analysis was used to analyze differences between more 
than two groups. P < 0.05 was considered statistically 
significant.

Results
Patient characteristics and lesion-related characteristics
A total of 181 EGC patients were included in the study. 
The baseline characteristics of all participants are shown 
in Table 1. A total of 187 lesions were found in 181 EGC 
patients, of which 34.22% were located in the gastric 
antrum. The majority of lesions were ≤ 20  mm in size 
(127 cases). Lesion infiltration was limited to the mucosal 
layer in 172 cases. Histopathologically, 173 tumors were 
differentiated type and 14 were undifferentiated type 
(Table 2).

Table 1 Clinical characteristics of patients with early gastric 
cancer
Characteristics Total study 

population, 
mean ± SD

Age (yr) 62.80 ± 8.57
BMI (Kg/m2) 22.78 ± 3.25
Characteristics Total study 

population, 
n (%)

Male 143 (79.01%)
Female 38 (20.99%)
Smoking history 67 (37.02%)
Drinking history 33 (18.23%)
Hypertension 53 (29.28%)
Diabetes 21 (11.60%)
Cardiovascular and cerebrovascular diseases 21 (11.60%)
Note SD, standard deviation

Fig. 2 a Pathological images of the HE-stained lesions. Scale bar, 1 mm; b Enlarged image of the red box in a; Scale bar, 250 μm; The red dotted line 
indicates the area of the crypt; c The red arrow indicates the crypt length; d The red double arrow indicates the diameter of the crypt opening; e The red 
double arrows indicate the distance between crypts; f Regular crypt; g Fused crypt; h Absent crypt
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Factors associated with IC staining result
The border of the lesion was clear in 57.75% (108/187) of 
cases with white light endoscopy and in 80.75% (151/187) 
of cases with IC chromoendoscopy (P < 0.001). Based on 
the postoperative pathological results, 94.12% (176/187) 
of the lesions were completely resected, and 11 cases had 
residual margins. The 187 included lesions were divided 
into two groups according to the effect of indigo carmine 
staining, of which 151 cases were classified into the clear 
group and 36 cases into the unclear group. Univariate 
analysis showed that there was no significant difference 
in tumor location, tumor diameter, macroscopic type, 
depth of invasion, histopathology, lesion characteristics 
(margin elevation, remarkable redness, uneven surface, 
ulcer), atrophy, intestinal metaplasia, or tumor markers 
(CEA, CA199, CA724) between the two groups (Table 2).

Histological measurements for the clear group and unclear 
group
A total of 81 pathological slices were obtained and 
analyzed in the lesion area of the clear group, focus-
ing on 1,992 crypt structures while avoiding muco-
sal defect areas. In the lesion area of unclear group, 80 
slices were examined, encompassing a total of 1,941 
crypt structures. Comparing the histology of the lesion 
area between the unclear group and clear group, it was 
found that there were significant differences in crypt 
area (8108.46 ± 7372.47 vs. 4169.76 ± 4240.01 µm2) 
(P < 0.0001) (Fig.  3a), crypt length (206.06 ± 135.09 vs. 
125.69 ± 97.56  μm) (P < 0.0001) (Fig.  3b), crypt opening 
diameter (46.30 ± 36.79 vs. 36.31 ± 28.67 μm) (P < 0.0001) 
(Fig.  3c). There was no significant difference in inter-
crypt distance between the two groups (79.91 ± 53.36 vs. 
78.11 ± 63.11  μm) (P = 0.8024) (Fig.  3d) (Table  3). There 
was a significant difference in the distribution of crypt 
structures between the two groups. The clear group was 
mainly characterized by fused crypts and absent crypts, 
while the unclear group was dominated by regular crypt 
structures (73.68%) (Fig. 3e).

The marginal normal area of the lesion encompassed 
the upper and lower incisal margins and the area out-
side the electrocoagulation mark of each tissue strip, 
as depicted in Fig.  4a. In the clear group, a total of 768 
crypt structures were analyzed in the normal area. In 
the unclear group, 648 crypt structures were analyzed in 
the normal area. Comparing the histology of the cancer 
area and marginal normal area of the two groups, it was 
found that there were significant differences in crypt area 
(4169.76 ± 4240.01 vs. 5815.22 ± 5939.04 µm2, P = 0.0003), 
crypt length (125.69 ± 97.56 vs. 170.34 ± 132.32  μm, 
P < 0.0001)), crypt opening diameter (36.31 ± 28.67 vs. 
56.05 ± 42.72  μm, P < 0.0001)), and intercrypt distance 
(78.11 ± 63.11 vs. 85.73 ± 70.15  μm, P = 0.1294) in the 
clear group, but there was no significant difference in the 
unclear group. In addition, in the clear group, the crypt 
area, crypt length, and crypt opening diameter in the 
normal area were larger than those in the cancer area. 
(Fig. 4) (Table 3).

Discussion
Compared with traditional white light endoscopy, IC 
chromoendoscopy performs better not only in its higher 
detection rate for early gastric cancer lesions but also 
in the determination of the demarcation line. In this 
study, there were 79 lesions (42.25%) whose boundar-
ies could not be determined by white light endoscopy, 
and more than half of them (54.43%) had clearly delin-
eated boundaries after IC staining, which was similar to 
previous reports [4]. Nagahama, T. et al. [13] reported 
that the accuracy of IC staining for the determination 
of the boundary of EGC lesions was 85.7% (80.4–91.0%) 

Table 2 Characteristics of 187 EGC lesions and comparison of 
related factors between the clear group and unclear group
Characteristics n (%) Clear 

group
n = 151

Unclear 
group
n = 36

P value

Tumor location 0.3914
 Cardia 43 (22.99%) 36 7
 Fundus 10 (5.35%) 7 3
 Antrum 64 (34.22%) 48 16
 Angle 26 (13.9%) 21 5
 Body 44 (23.53%) 39 5
Tumor diameter 0.8451
 ≤ 20 mm 127 (67.91%) 103 24
 > 20 mm 60 (32.09%) 48 12
Macroscopic type 0.532
 I/IIa 77 (41.18%) 65 12
 IIb 38 (20.32%) 29 9
 IIc/III 72 (38.5%) 57 15
Depth of invasion 0.7397
 Mucosa 172 (91.98%) 138 34
 Submucosa 15 (8.02%) 13 2
Histopathology 0.1502
 Differentiated 173 (92.51%) 142 31
 Undifferentiated 14 (7.49%) 9 5
Lesion characters
 Margin elevation 14 (7.49%) 11 3 0.7351
 Remarkable redness 103 (55.08%) 80 23 0.2671
 Uneven surface 112 (59.89%) 87 25 0.2563
 Ulcer 11 (5.88%) 8 3 0.4454
With atrophy 69 (36.9%) 56 13 > 0.9999
With IM 97 (51.87%) 80 17 0.5807
CEA(+) 11 (5.88%) 10 1 0.6939
CA199(+) 5 (2.67%) 4 1 > 0.9999
CA724(+) 26 (13.9%) 23 3 0.4217
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by placing a marking dot on the most proximal margin. 
Moreover, this multicenter, randomized, controlled study 
also revealed that there was no significant difference 
between IC chromoendoscopy and ME-NBI in terms of 
the accuracy of delineation of gastric tumors before the 
ESD procedure. It seemed that IC chromoendoscopy 
could determine the horizontal boundary for most EGC 
lesions. Therefore, it is important to clarify the applica-
ble conditions of indigo carmine staining to improve the 
complete removal rate of the lesions.

Previous studies on the applicable conditions of chro-
moendoscopy for the boundary of EGC were mainly 
focused on acetic acid combined with indigo carmine 
staining (AI). Lee, B.E. et al. [14] and Hong, S.M. et al. 
[7] reported that lesion histology was an independent 
risk factor affecting the clarity of the lesions after AI 
chromoendoscopy, and undifferentiated lesions showed a 

higher frequency of mottled appearance than differenti-
ated adenocarcinomas. Numata, N. et al. [15] found that 
compared with the white light endoscope, the advantage 
of AI chromoendoscopy is mainly reflected in protruded 
or flat elevated-type EGC or at the atrophic border on 
the oral side of EGCs. Researchers evaluated the deter-
mination of the margin of EGC lesions by using simple 
IC staining and found that normal mucosal color, 0-IIb 
lesions, lesions larger than 21  mm, ulcers, and compo-
nents of poorly differentiated adenocarcinoma were the 
risk factors that make the determination of the mar-
gin difficult [16]. Unlike previous studies, in the present 
study, although the rate of indistinct borders was higher 
in undifferentiated lesions, there was no significant dif-
ference compared with differentiated adenocarcinoma. 
The reason may be that there were fewer undifferentiated 
lesions in the present study. Another possible explanation 

Table 3 Histological data of the clear group and unclear group
Unclear group Clear group P value
Cancer area Normal area Cancer area Normal area a b c

Crypt area (µm2) 8108.46 ± 7372.47 7945.07 ± 7618.46 4169.76 ± 4240.01 5815.22 ± 5939.04 < 0.0001 0.9585 0.0003
Crypt length (µm) 206.06 ± 135.09 200.34 ± 125.12 125.69 ± 97.56 170.34 ± 132.32 < 0.0001 0.7913 < 0.0001
Crypt opening diameter (µm) 46.3 ± 36.79 41.62 ± 30.59 36.31 ± 28.67 56.05 ± 42.72 < 0.0001 0.3362 < 0.0001
Intercrypt distance (µm) 79.91 ± 53.36 84.83 ± 56.37 78.11 ± 63.11 85.73 ± 70.15 0.8024 0.3168 0.1294
Note a is the comparison of cancer area between the clear group and unclear group. b is the comparison between the cancer area and the normal area in the unclear 
group. c is the comparison between the cancer area and the normal area in the clear group

Fig. 3 Differences of crypt structure in cancer area between the clear group and unclear group. a Comparison of the crypt area; b Comparison of the 
crypt length; c Comparison of the crypt opening diameter; d Comparison of the intercrypt distance; e Comparison of the crypt structure. **** P < 0.0001; 
ns, not significant
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is that gastric cancer tissue usually exhibits histological 
heterogeneity, and the same lesion may contain multiple 
cells with different degrees of differentiation, whereas 
most of the lesions in this study were focal poorly differ-
entiated lesions in a highly differentiated background. In 
addition, Nagahama et al. [13] also reported that in the 
group with unclear lesion boundaries, the most common 
histological type of inaccurately delineated lesions was 
not simply the undifferentiated type, but rather the undif-
ferentiated type adenocarcinoma infiltrating the glandu-
lar neck zone covered with non-neoplastic epithelium.

In addition, by analyzing and comparing the crypt 
structures of lesions between the clear group and unclear 
group, we found that the clear group mainly consisted 
of lesions with fused or absent crypt structures, while 

the unclear group consisted of lesions with regular crypt 
structures. By measuring the structure of the crypt in the 
lesion area, it was found that compared with the unclear 
group, the crypt area was smaller, the crypt opening 
diameter and the length of the crypt was shorter in the 
clear groups. Comparing the crypt structure of the can-
cer area and the paracancerous normal area of the two 
groups, we found that in the clear group, the crypt open-
ing area was larger, the opening diameter was wider, 
and the crypt length was longer in the paracancerous 
normal region than in the cancer region. In the unclear 
group, there was no significant difference in crypt area, 
crypt length, crypt opening diameter, or intercrypt dis-
tance between the two regions. It is thus evident that the 
determination of the lesion border by indigo carmine 

Fig. 4 Comparison of histology between the cancer area and marginal normal area. a Tissue slice obtained from the samples: the yellow area outside 
the marked point is the marginal normal area, and the blue area in the marked point is the cancer area. b Corresponding pathological image of the tissue 
slice: The yellow area outside the marked point is the marginal normal area, and the blue area inside the marked point is the cancer area. c Comparison of 
histology between the normal area and cancer area of the clear group and unclear group. c1 Comparison of the crypt area; c2 Comparison of the crypt 
length; c3 Comparison of the crypt opening diameter; c4 Comparison of the intercrypt distance. Cancer area: blue box plots; Normal area: yellow box 
plots; ns, not significant; *** P < 0.001; **** P < 0.0001
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staining was greatly related to the epithelial histomor-
phology, which is consistent with the staining principle 
of IC. Normal gastric mucosa deposits dye uniformly 
due to its regular crypt surface structure. Lesions with 
fused or absent crypt structures, small crypt areas, short 
crypt lengths, short crypt opening diameters, and large 
intercrypt distances show a clear DL because they can-
not uniformly deposit indigo carmine dye. This irregular 
surface structure is in sharp contrast to normal mucosa. 
Conversely, lesions with regular crypt structures can still 
deposit dye uniformly on their surface, making these 
lesions indistinguishable from the surrounding normal 
mucosa. Although no identical studies exist to confirm 
these results, a study examining the histological struc-
ture of gastric epithelial tumors and microsurface pat-
terns (MSPs) observed through magnification endoscopy 
found a close relationship between the crypt structure 
and MSPs. It found that lesions without MSPs have a 
lower crypt opening density, shorter crypt length, greater 
intercrypt distance, and larger crypt angle [12, 17]. This 
finding supports the results of our study to some extent. 
Therefore, we predicted that dyes were likely not eas-
ily deposited onto lesions with absent MSPs in ME-NBI 
during indigo carmine staining and that such lesions 
were easily distinguished from the surrounding normal 
mucosa. However, large-scale prospective studies are 
needed for verification. Nonetheless, the current evi-
dence underscores the importance of mucosal surface 
microstructure, particularly in endoscopy. While it may 
be challenging for pathologists to measure the parame-
ters related to each crypt’s structure in detail during their 
routine work, our findings suggest a significant insight: 
pathologists should consider the relevant characteris-
tics of the mucosal surface crypt structure in addition 
to the usual assessments of lesion nature and infiltration 
depth. Specifically, lesions with deep structures contain-
ing signet-ring cells or other undifferentiated cells but 
regular mucosal surface crypt structures pose a diagnos-
tic challenge. For such lesions, it is difficult to accurately 
determine the boundary range using either chromoen-
doscopy or ME-NBI. However, enhanced communication 
between endoscopists and pathologists regarding these 
crypt structure characteristics could help avoid incom-
plete resections and lead to better treatment plans for 
patients.

There are some limitations in this study. First, we could 
not evaluate the preoperative preparation. The presence 
of mucus and foam in the stomach might have a certain 
impact on the staining of indigo carmine. However, in 
addition to the preoperative defoamer, poorly prepared 
patients will be given a defoamer again to ensure accu-
rate assessment of the lesions. Second, this study was 
retrospective, and the evaluation of the staining effect 
was only based on endoscopic reports and images in the 

endoscopic system, lacking the dynamic process during 
staining. To address the limitations of the study, a future 
prospective study is planned so that preoperative prep-
arations can be controlled and overall evaluation of the 
staining effect can be performed to ensure the reliability 
of the results.

Conclusions
In conclusion, 80.75% of lesions were found to have clear 
lesion borders by IC chromoendoscopy. The crypt struc-
ture was the main influencing factor in the assessment 
of lesion borders by IC staining. Lesions with fused or 
absent crypt structures, a small crypt area, a short crypt 
length, a short crypt opening diameter can be used to 
easily determine the margin by IC chromoendoscopy.
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