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Abstract
AIM: To investigate the relationship between post-
endoscopic resection (ER) scars on magnifying 
endoscopy (ME) and the pathological diagnosis in 
order to validate the clinical significance of ME. 

METHODS: From January, 2007 to June, 2008, 124 
patients with 129 post-ER scar lesions were enrolled. 
Mucosal pit patterns on ME were compared with 
conventional endoscopy (CE) findings and histological 
results obtained from targeted biopsies. 

RESULTS: CE findings showed nodular scars (53/129), 
erythematous scars (85/129), and ulcerative scars 
(4/129). The post-ER scars were classified into four pit 
patterns of sulci and ridges on ME: (Ⅰ) 47 round; (Ⅱ) 
54 short rod or tubular; (Ⅲ) 19 branched or gyrus-like; 

and (Ⅳ) 9 destroyed pits. Sensitivity and specificity 
were 88.9% and 62.5%, respectively, by the presence 
of nodularity on CE. Erythematous lesions were high 
sensitivity (100%), but specificity was as low as 
36.7%. The range of the positive predictive value 
(PPV) on CE was as low as 10.6%-25%. Nine type Ⅳ 
pit patterns were diagnosed as tumor lesions, and 120 
cases of type Ⅰ-Ⅲ pit patterns revealed non-neoplastic 
lesions. Thus, the sensitivity, specificity, and the PPV of 
ME were 100%.

CONCLUSION: ME findings can detect the presence 
of tumor in post-ER scar lesions, and make evident 
the biopsy target site in short-term follow-up. Further 
large-scale and long-term studies are needed to 
determine whether ME can replace endoscopic biopsy.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The use of  magnifying endoscopy (ME) is now 
being reassessed since the successful study led by 
Professor Kudo regarding the utilization of  magnifying 
colonoscopy[1]. Indeed, ME procedures for the upper 
gastrointestinal tract have been developed that make it 
possible to perform a variety of  assessments, from routine 
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observation to a detailed examination of  squamous 
dysplasia, squamous-cell carcinoma, Barrett’s esophagus 
and associated dysplasia/early cancer, gastric cancer, 
and Helicobacter pylori infection[2-4]. ME with a narrow 
band image can aid in deciding the target of  endoscopic 
biopsy for surveillance in Barrett’s esophagus[5-8]. The 
relationships between ME findings and gastric neoplastic 
histology, including the types of  cancer detected, are 
now being investigated, and the usefulness of  ME for 
diagnosing early gastric cancer has been reported[9-15].

L i t t le data , however, are cur rent ly avai lable 
regarding the correlation between the findings of  
ME and pathological findings in post-endoscopic 
resection (ER) scars. There has been no definitive 
endoscopic description of  which endoscopic findings 
need endoscopic biopsy or where the endoscopist has 
to target the biopsy in altered large scar lesions. In 
addition, it remains controversial as to whether a biopsy 
should be performed for each endoscopy in patients 
who have already undergone complete ER. Thus, we 
have evaluated the relationship between the real-time 
diagnosis of  post-ER scars observed by ME and the 
pathological diagnosis, thereby validating the clinical 
usefulness of  ME as a follow-up method for post-ER 
scars in early gastric neoplasm.

MATERIALS AND METHODS
Patients and definition
From January, 2007 to June, 2008, a total of  143 lesions 
(138 patients) underwent endoscopic mucosal resection 
(EMR) or endoscopic submucosal dissection (ESD) 
in our hospital (Cheonan Hospital, Soonchunhyang 
University). “En bloc resection” is defined as the resection 
of  a single piece as opposed to piecemeal resection in 
multiple pieces. “Complete en bloc resection” is defined as 
a lesion being contained within the mucosal layer, with 
no lympho-vascular invasion, and all margins (deep and 
lateral) histologically demonstrated to be tumor-free.

Among 138 patients, 8 patients who had been 
revealed as incomplete ER were excluded because 
they received a subsequent operation. Other exclusion 
criteria were as follows: (1) refusal to participate in the 
study (3 cases); (2) recurrent tumorous lesions (1 case); 
(3) NSAIDs or anticoagulant drug users (2 cases). A 
total of  129 lesions (124 patients) were finally enrolled 
in this study. All patients provided written informed 
consent, and the clinical study was performed according 
to guidelines approved by the ethics committee of  
Soonchunhyang Cheonan Hospital. No patients were 
lost during follow-up.

Methods
For the endoscopic examination, we used a GIF-Q240Z 
video endoscope (Olympus Optical Co., Ltd, Tokyo, 
Japan) fitted with an optic-type zoom lens that provided 
up to 80 times magnification and a high-resolution color 
charge-coupled device (CCD) connected to a 14-inch 
monitor. A transparent tip attachment (D-201-11802; 
Olympus) projecting 2 mm from the endoscopic tip 

was pressed against the mucosa in order to maintain 
good focus. To decrease the influence of  mucus in 
the stomach under magnified observation, all patients 
ingested simethicone (20-30 mL), and a mucolytic agent 
(10% N-acetylcysteine 20 to 30 mL) was sprayed on the 
mucosal surface[4]. Evaluation of  the entire stomach was 
initially performed with conventional endoscopy (CE) 
to exclude obvious lesions and to define scar lesions. 
Next, with the endoscope positioned on the scar lesions, 
complete magnification was obtained, with particular 
attention being paid to minute surface architecture 
and arrangements. Following complete identification, 
targeted biopsy specimens of  the scar lesions were 
obtained. Conventional and magnifying endoscopic 
procedures were performed by an endoscopist with 
10 years endoscopic experience. All examinations 
and images were digitally stored and documented on 
commercially available videotapes. Classification and 
analysis of  the magnified view were carried out using 
the photographs and recorded videos by another 
endoscopist who was blinded to the examinations and 
histopathologic results. When pit patterns were mixed, 
classification was based on the most prominent pattern. 
We performed an endoscopic biopsy on sites with 
prominent or higher grade pit patterns. Following ER, all 
patients were given a PPI (omeprazole 40 mg) for eight 
weeks. Conventional and magnifying endoscopies were 
performed with the targeted biopsy of  all scar lesions 
two months after the ER.

Classification by conventional and magnifying 
endoscopy
We classified CE characteristics of  scar lesions according 
to the following attributes: height (elevated, flat, or 
depressed); nodularity (non-nodular or nodular); color 
(erythematous, pale, or iso-color with the surrounding 
mucosa); and ulceration (present or absent) (Figure 1). 
Next, the mucosal pit patterns in the post-ER scars 
were observed closely using ME. The mucosal pits 
were classified into four patterns of  sulci and ridges: 
(Ⅰ) round pit patterns; (Ⅱ) short rod or tubular pit 
patterns; (Ⅲ) branched or gyrus-like pit patterns; and 
(Ⅳ) destroyed pit patterns (Figure 2). The criteria for 
suspecting a tumorous lesion included the observation 
of  a fundamentally destroyed pit pattern (Type Ⅳ).

Histological assessment
The curative potential of  en bloc resection was carefully 
evaluated histopathologically; slices were made at 2 mm 
intervals according to the Japanese Classification of  
Gastric Carcinoma[16]. Following magnifying observation, 
standard histological assessment was performed with 
H&E staining. Lesions were classified into four groups 
for diagnostic purposes: non-neoplastic lesions, low-
grade adenomas, high-grade adenomas, and carcinomas. 
These diagnostic criteria were based on the Vienna 
classification of  gastrointestinal epithelial neoplasia[17]. 
The histological type and the degree of  various pathologic 
findings were evaluated to determine the relationship 
between endoscopic findings such as foveolar hyperplasia, 
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congestion of  glands, atrophy, intestinal metaplasia, and 
fibrosis. These findings were then classified and scored 
from 0 to 3, respectively (0 = normal, 1 = mild, 2 = 
moderate, 3 = severe). A single pathologist who was 
blinded to the endoscopic findings reviewed and scored 

all the biopsy specimens. All pathologic findings were then 
compared in terms of  both CE and ME findings.

Statistical analysis
Statistical evaluations were performed using SPSS 

DC

BA
Figure 2  Magnifying images of scar 
lesion showing fine mucosal pit 
patterns. The four pit patterns of sulci 
and ridges identified are as follows: 
A: Type Ⅰ pit; small round, normal-
like pit pattern; B: Type Ⅱ pit; short rod 
or tubular pit pattern; C: Type Ⅲ pit; 
branched or gyrus-like pit pattern; D: 
Type Ⅳ pit; destroyed pit pattern.
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Figure 1  Conventional endoscopic 
characteristics of scar lesions. A: 
Height; flat, non-nodular and iso-color; 
B: Height; depressed, non-nodular 
and erythematous color; C: Height; 
elevated, non-nodular, and iso-color; D: 
Height; elevated, distorted nodular, and 
erythematous color.
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statistical software, version 12.0 (SPSS Inc., Chicago, 
IL, USA). The Chi-square test was used to compare 
categorical variables and the ANOVA test was used to 
compare continuous variables. A P value of  less than 0.05 
was considered statistically significant.

RESULTS
Outcomes and histological diagnosis of the ER
Among 129 lesions, the method of  ER was 104 ESD 
and 25 EMR. Complete resection was performed in 123 
cases [117 en bloc resections (93 ESD and 24 EMR) and 6 
piecemeal resections (2 ESD and 4 EMR)]. Six patients 
with incomplete resection who declined surgery were 
included in a follow-up endoscopic study. A set of  129 
lesions from 124 patients were confirmed histologically 
by ER as consisting of  38 adenocarcinomas, 48 high-
grade adenomas, and 43 low-grade adenomas. Following 
ER, the mean follow-up time was 2.27 ± 0.46 mo (mean 
± SD) (Table 1).

Conventional and magnifying findings in post-ER scars
The CE findings revealed the following results: 38 
elevated, 79 flat, and 12 depressive-type scars; 76 non-
nodular and 53 nodular scars; 85 erythematous and 44 
pale or iso-colored scars; and 4 ulcerative scars. The 
minute surface structure of  post-ER scars, as shown by 
ME, demonstrated four pit patterns of  sulci and ridges. 
These pit patterns were classified according to the main 
pit pattern as follows: (Ⅰ) 47 round pit patterns; (Ⅱ) 
54 short rod or tubular pit patterns; (Ⅲ) 19 branched 
or gyrus-like pit patterns; and (Ⅳ) 9 destroyed pit 
patterns. There was no statistical significance between 
conventional endoscopic and ME findings (P > 0.05), 
although the presence of  nodularity and erythematous 
lesions was high in type Ⅲ or IV pit patterns on ME (P 
= 0.091, P = 0.079, respectively, Table 2).

Endoscopic findings and pathologic features
Eight lesions revealed the presence of  tumors in 53 
cases with nodularity, while one lesion had no nodularity 
in the post-ER scar. Nine lesions revealed the presence 
of  tumors in 85 cases with erythematous lesions. One 
lesion revealed the presence of  tumors in 4 cases with 
non-healed ulcer lesions. Sensitivity and specificity were 
88.9% and 62.5%, respectively, when the presence of  
nodularity aided in the detection of  a neoplastic lesion 
on CE. Erythematous lesions had a high sensitivity 
(100%), but specificity was as low as 36.7%. The 
presence of  an ulcer had low sensitivity (11.1%) and high 
specificity (97.5%). The range of  the positive predictive 
value was as low as 10.6%-25% (Table 3). As assessed by 
CE, none of  the mucosal height terms, color, nodularity, 
or ulceration showed statistical significances between 
various non-neoplastic pathologic features in post-ER 
scars.

Although there was no statistical significance in the 
relationship between endoscopic findings and other non-
neoplastic pathologic findings, type Ⅲ or Ⅳ pit patterns 
exhibited slightly higher histological scores in terms of  
gland congestion, intestinal metaplasia, and atrophy (P 
> 0.05, Table 4). Nine type Ⅳ pit patterns on ME were 
diagnosed as tumor lesions, pathologically, and 120 cases 
of  type Ⅰ-Ⅲ pit patterns revealed non-neoplastic lesions 
without tumor lesions. Thus, the sensitivity, specificity, 
and the positive predictive value were 100%, 100% and 
100%, respectively (Table 5). Six cases were noted in 
patients who had received incomplete resection. Three 
cases of  piecemeal resection for early gastric cancer were 
diagnosed as tumor lesions in spite of  histologically 
complete resection. 

DISCUSSION
Magnifying colonoscopy has already been reported as a 
clinically useful tool for diagnosing colorectal tumors[1,18]. 
Furthermore, ME has been confirmed as being superior 
to conventional colonoscopy with respect to its predictive 

Table 1  Patient characteristics

Parameter

Case (Patient) 129 (124)
   Male                          79
   Female                          45
Age, yr (SD)          58.51 (11.27)
   Male          59.48 (11.79)
   Female          56.71 (10.13)
ER outcome
   ESD/EMR                        104/25
   Complete resection                        123
      En bloc                        117
      Piecemeal                            6
   Incomplete resection                            6
Post-ER diagnosis
   Adenoma     43 lesions
   Adenoma with HGD     48 lesions
   Adenocarcinoma     38 lesions
Follow up mo (SD)         2.27 (0.46)

SD: Standard deviation; ER: Endoscopic resection; ESD: Endoscopic 
submucosal dissection; EMR: Endoscopic mucosal resection; HGD: High 
grade dysplasia.

Table 2  Endoscopic findings and pit pattern in post-ER scar

CE findings Pit type (No.) Total 
(129)

P  
valueⅠ (47) Ⅱ (54) Ⅲ (19) Ⅳ (9)

Height 0.205
   Elevated 14 20   3 6 38
   Flat 29 29 13 3 79
   Depressed   4   5   3 0 12
Nodularity 0.091
   Present 17 18 11 6 53
   Absent 30 36   8 3 76
Color 0.079
   Erythematous 30 31 16 8 85
   Iso or pale 17 23   3 1 44
Ulceration 0.285
   Present   0   2   1 1   4
   Absent 47 52 18 8      125

CE: Conventional endoscopy; Ⅰ: Round pit; Ⅱ: Short rod or tubular pit; Ⅲ: 
Branched or gyrus-like pit; Ⅳ: Destroyed pit pattern.
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power for diagnosing pathological neoplasms detected 
during endoscopy. Technological improvements in 
recent years have demonstrated that ME can identify 
the fine mucosal patterns of  the gastrointestinal tract, 
and it is now evident that the findings obtained from 
this new procedure correlate positively with histological 
findings[19,20], and that ME can help determine the target 
biopsy site during surveillance in Barrett’s esophagus[5-8]. 
Despite these advances, however, there have been few 
studies investigating whether ME is capable of  improving 
the rate of  prediction for pathological diagnosis of  gastric 
scar lesions after ER in early gastric neoplasm beyond 
that of  the conventional method. To the best of  our 
knowledge, this is the first description in the English 
literature of  magnifying endoscopic classification and 
the characteristic definition of  gastric post-ER scar 
lesions which includes comparative pathology for both 
magnifying and conventional procedures.

Diagnosis of  early gastric cancer relies on macroscopic 
findings by CE, namely flat, elevated, or depressed; color 
identical to the neighboring noncancerous area, red or 
pale; the presence of  granules or nodules; the presence 
or absence of  ulcers; and the presence or absence of  
fold conversions, among others[13]. During diagnostic 
endoscopy, the endoscopist usually takes routine biopsies 
from even inconspicuous lesions that appear slightly 
erythematous, discolored, flat, granular, or shallow 
depressed mucosal areas in the stomach[14,21]. There has 
been no definitive description of  which findings require 
endoscopic biopsy or where we have to target the biopsy 
in post-ER scar lesions in early gastric neoplasm. In 
our study, nodularity and erythematous lesions revealed 
the presence of  tumors (sensitivity, 88.9% and 100%, 

respectively). One of  4 ulcer lesions revealed the presence 
of  tumor (sensitivity, 11.1%). These CE findings were 
important in differentiating tumors in post-ER scars, but 
these findings in post-ER scar lesions are not specific to 
tumorous lesions (positive predictive value: 10.6-25.0%) 
in terms of  diagnosing recurrence or suspected tumor 
in this study. Additionally, these findings give no specific 
information as to where we must target biopsies in certain 
large post-ER scar lesions. We cannot ignore endoscopic 
biopsy in cases with these endoscopic findings, which 
requires additional costs and is invasive in certain cases 
with no tumorous post-ER scar lesions.

Nevertheless, there is controversy regarding whether 
endoscopists should perform a biopsy during every 
follow-up study after complete ER. Recently, several 
endoscopists have suggested that short-term endoscopic 
examination is not necessary since complete ESD was 
introduced[22]. With recent advances in endoscopic 
skill and equipment, gastric neoplasms can be resected 
more completely by ESD, a technique that can produce 
larger and safer margins around the tumor compared 
to conventional EMR, thus making the rate of  tumor 
recurrence very low. Recent ESD results have achieved 
greater than 95% en bloc resection as well as excellent 
survival rates[23,24]. In short-term follow-up endoscopic 
examinations in post-ER scars, the presence of  a 
tumor can be considered residual tumor rather than 
the recurrence of  a new tumor when we consider the 
doubling time of  early gastric neoplasm.

Using ME, we classified post-ER scar lesions 
according to the fine gastric mucosal pit patterns of  
sulci and ridges as follows: (Ⅰ) round pit patterns; (Ⅱ) 
short rod or tubular pit patterns; (Ⅲ) branched or gyrus-
like pit patterns; and (Ⅳ) destroyed pit patterns. Non-
tumorous lesions in post-ER scars included type Ⅰ, Ⅱ, 
and Ⅲ pit patterns, and none of  these pit patterns were 
identified as histologically discernable tumorous lesions 

Table 3  Endoscopic findings and pathologic result in post-ER scar

CE findings (No.) Pathologic results

Non-neoplastic Neoplastic Sensitivity (%) 
(95% CI)

Specificity (%) 
(95% CI)

PPV (%) 
(95% CI)

NPV (%) 
(95% CI)

Presence of nodularity (53)    45 8  88.9 (68.4-100) 62.5 (53.8-71.2) 15.1 (5.5-24.7) 98.7 (96.1-100)
Erythematous lesion (85)    76 9 100.0 36.7 (28.0-45.3) 10.6 (4.0-17.1)   100.0
Presence of ulcer (4)     3 1  11.1 (0.0-31.6) 97.5 (94.7-100) 25.0 (0.0-67.4)   93.6 (89.3-97.9)
Total No. 120 9

PPV: Positive predictive value; NPV: Negative predictive value; CE: Conventional endoscopy.

Table 4  Pit pattern and non-neoplastic pathologic findings 
(mean score) in post-ER scar

Pit type Foveolar 
hyperplasia

Gland 
congestion

Intestinal 
metaplasia

Atrophy Fibrosis

Ⅰ 0.96 0.64 1.09 1.11 0.21
Ⅱ 0.96 0.48 1.11 1.11 0.19
Ⅲ 0.84 0.79 1.05 1.26 0.11
Ⅳ (coexisting 
findings with 
tumor)

0.78 0.89 1.33 1.56 0.33

P value1        0.837       0.244        0.828      0.344     0.644

Scored from 0 to 3, respectively (0 = normal, 1 = mild, 2 = moderate, 3 
= severe). 1Statistical significances were tested by one-way analysis of 
variance.

Table 5  Pit pattern and pathologic result in post-ER scar

Pit type Pathologic results

Non-neoplastic Neoplastic

Ⅰ: Round 47 0
Ⅱ: Short rod or tubular 54 0
Ⅲ: Branched or gyrus-like 19 0
Ⅳ: Destroyed1   0 9
Total No.                  120 9

1Sensitivity: 100%; Specificity: 100%; Positive predictive value: 100%.
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in our study. All the tumor lesions were noted in post-
ER scar lesions with the type Ⅳ pattern. Our results 
suggest that the ME pattern may be considered a useful 
diagnostic tool capable of  replacing the more invasive 
technique of  endoscopic biopsy or identifying the target 
biopsy site in cases with mixed pit patterns. 

Although there was no statistical significance in the 
relationship between endoscopic findings and other 
non-neoplastic pathologic findings, type Ⅲ or Ⅳ pit 
patterns exhibited slightly higher histological scores in 
terms of  gland congestion, intestinal metaplasia, and 
atrophy. High scores with regard to gland congestion 
may play a role in the regeneration process, and high 
scores with regard to the other two findings may be 
suspected in relation to pathology near the original 
gastric neoplasm before ER. We were unable to evaluate 
whether these findings demonstrated a tendency toward 
tumor development. A longitudinal long-term follow-up 
study is needed to determine the significance of  these 
non-neoplastic pathologic findings, and a large-scale 
study is needed to assess the relationship between these 
pathologic findings and the presence of  tumors in post-
ER scar lesions. 

In this study, none of  the patients who had been 
treated with complete en bloc resection by ESD had the 
type Ⅳ pattern, and no tumor lesions were observed 
pathologically in these patients. Nine tumor lesions were 
noted in cases with incomplete resection (6 cases) and 
piecemeal resection by EMR (3 cases). Consequently, 
we believe that ME will be useful in predicting the 
pathological diagnosis of  tumorous lesions in post-ER 
scars, especially after incomplete or piecemeal resection. 
Furthermore, compared with CE, ME might be a useful 
alternative to biopsies, especially for short-term follow-
up after complete en bloc resection by ESD. 

There were, however, some limitations to our study: 
(1) we focused on the simple characteristics of  the 
mucosal pit structures of  scar lesions at 2 mo after 
ER. We could not evaluate the vascular pattern and the 
validity of  various pathologic findings using our short-
term results. In addition, we need a long-term follow up 
study to confirm the final histology in lesions shown to 
be non-neoplastic in nature with type Ⅰ-Ⅲ pit patterns. 
(2) We enrolled only nine cases with type Ⅳ pit pattern 
because the therapeutic outcome of  ER is excellent in 
gastric neoplasms. We could not discuss the diagnostic 
accuracy overall but could only do so in the nine cases 
with type Ⅳ pit pattern. A larger study with more cases 
to obtain a statistically meaningful accuracy is required 
in order to detect tumor recurrence in scar lesions 
following ER. (3) In terms of  our procedure, the use of  
a transparent cap limited our survey capacity because 
it produced a narrow window of  view and was very 
time consuming. After these procedural handicaps are 
overcome, large-scale and longitudinal follow-up studies 
should be pursued. 

In conclusion, ME findings can detect the presence 
of  tumors through detailed classification of  post-
ER scar lesions. ME may also help in decision-making 
regarding whether to perform biopsies and in identifying 

the target biopsy site in the short-term follow-up of  
post-ER scars in early gastric neoplasm. As stated above, 
however, further large-scale and long-term studies 
are required to determine whether ME can replace 
endoscopic biopsy.

 COMMENTS
Background
Magnifying endoscopy (ME) is now being used in the diagnosis of various 
gastrointestinal diseases. However, not much data is currently available 
regarding the correlation between the findings on ME and pathological findings 
on post-endoscopic resection (ER) scars. There has been no definitive 
endoscopic description of which endoscopic findings require endoscopic biopsy 
or where the endoscopist should target the biopsy in altered large scar lesions.
Research frontiers
In this study, the authors demonstrate the relationship between the real-time 
diagnosis of post-ER scars observed using ME and the pathological diagnosis, 
thereby validating the clinical usefulness of ME as a follow-up method for post-
ER scars in early gastric neoplasm.
Innovations and breakthroughs
This study gives the first description in the English literature of ME classification 
and the characteristic definition of gastric post-ER scar lesions. In addition, 
it includes comparative pathology for both the magnifying and conventional 
findings. Furthermore, our study suggests that ME can detect the presence of 
tumors through pit classification and may help in decision-making regarding the 
target biopsies in the short-term follow-up of post-ER scars.
Applications 
By providing an understanding of how ME permits visualization of post-ER 
scars, this study may represent a future strategy in the short-term follow-up of 
post-ER scars in early gastric neoplasm.
Terminology
The mucosal pits, which were magnified up to 80 times with ME, were classified 
into four patterns of sulci and ridges: (Ⅰ) round pit patterns; (Ⅱ) short rod or 
tubular pit patterns; (Ⅲ) branched or gyrus-like pit patterns; and (Ⅳ) destroyed 
pit patterns. The criteria for suspecting a tumorous lesion included the 
observation of primarily a destroyed pit pattern.
Peer review
The authors investigated the pit patterns of post-ER scars using ME in early 
gastric neoplasm. It was revealed that all tumor lesions noted were in the type 
Ⅳ pit pattern. The results suggest that the ME pit patterns may be considered a 
useful diagnostic tool capable of replacing the more invasive endoscopic biopsy 
or of locating the target biopsy site in cases with mixed pit patterns, and may 
also help in the decision-making regarding whether to perform biopsies in the 
short-term follow-up of post-ER scars in early gastric neoplasm.
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