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AIM: to compare the early and late results of endoscopic mucosal resection with a circular incision (C-EMR) and 
endoscopic submucosal dissection (ESD) for large benign epithelial neoplasms of the colon.
PATIENTS AND METHODS: a prospective randomized comparative study (November 2020 to July 2022) included 103 
patients with benign epithelial neoplasms of the colon 20–30 mm sized. The C-EMR method was used in 52, ESD — 
51 patients.
RESULTS: the removal of the tumor by the C-EMR required significantly less time, compared with the ESD method — 30 
and 60 minutes, respectively (p < 0.001). Intra- and postoperative complications occurred in 13 (23.7%) patients in 
the C-EMR group and in 12 (23.5%) patients in the ESD group. The most frequently reported complication was post-
coagulation syndrome in the main and control groups — in 9 (17.3%) and 11 (21.6%) cases, respectively. It was 
found that the difficult location of the tumor (OR = 18.3; p = 0.01) and intraoperative complications (OR = 37.5; 
p = 0.04) are independent conversion factors of endoscopic intervention. The incidence of tumor removal en bloc 
and negative resection margins (R0) in the main and control groups did not significantly differ — 47 (90.4%) and 
49 (96.1%) (p = 0.4) and 40 (76.9%) and 45 (88.2%) (p = 0.2), respectively.
CONCLUSION: endoscopic mucosal resection with a circumferential incision is an effective and safe option compa-
rable to endoscopic submucosal dissection, and can be the method of choice for benign epithelial neoplasms of the 
colon sized 20–30 mm. The operation time of C-EMR is two times less than ESD.
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INTRODUCTION

Classical endoscopic mucosal resection (EMR) is a 
simple and effective method widely used world-
wide in the treatment of patients with epithelial 
tumors of the large intestine [1]. However, when 
tumors larger than 20 mm are removed by the EMR 
method, the rate of resection in en bloc progres-
sively decreases, often due to tumor fragmenta-
tion, which ultimately negatively affects the local 

recurrence rate [2,3]. According to the basic prin-
ciple of radical endoscopic intervention, which im-
plies the removal of the tumor in en bloc with the 
achievement of negative resection margins (R0), 
endoscopic dissection in the submucosal layer is 
now wide used to overcome the disadvantages of 
mucosectomy. In addition, an important aspect is 
an accurate histological assessment of the resec-
tion margins of the removed tumor, which is diffi-
cult to achieve in the case of fragmentary removal 
of the lesion [4–6].
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At the same time, despite the undeniable advan-
tages of the technique of dissection in the sub-
mucosal layer (endoscopic submucosal dissection, 
ESD) over EMR in terms of resection margins con-
trol, this method has a higher risk of bowel per-
foration, requires more operation time and a high 
level of qualification of an endoscopist [7,8].
It seems that the hybrid approach, combining the 
advantages of one and the other methods of re-
moving tumors, will overcome the disadvantages 
and achieve a high incidence of resection in en 
bloc. Thus, when performing endoscopic mucosal 
resection with circumferential incision (C-EMR) 
when removing epithelial neoplasms, a circular 
incision plays a leading role in achieving tumor-
negative resection margins and the use of a loop 
when separating the tumor from the intestinal 
wall significantly reduces the operation time [9]. 
This is confirmed by the data of non-randomized 
studies that have demonstrated that the removal 
of epithelial tumors of the large intestine by the 
C-EMR method takes less time and is followed by a 
lower morbidity rate with a comparable with the 
ESD recurrence rate [10,11]. At the same time, ac-
cording to some foreign authors, there is a nega-
tive correlation, manifested by a lower incidence 
of tumor removal in en bloc using the C-EMR meth-
od in the case of epithelial neoplasms of the large 
intestine larger than 20 mm in maximum dimen-
sion compared with ESD [8,12].
In this regard, to determine the effectiveness and 
safety of using the C-EMR technique for the re-
moval of large epithelial benign neoplasms of the 
large intestine, we conducted a prospective ran-
domized study.

PATIENTS AND METHODS

From November 2020 to July 2022, a prospective 
single center randomized clinical trial included 
103 patients with benign epithelial neoplasms of 
the colon ranging in size from 20 to 30 mm without 
endoscopic signs of malignancy, with a pit pattern 
corresponding to types IIIs, IIIL, IV according to 
the Kudo, S. classification, and type II-O according 

to the classification of Kimura, T., and vascular 
pattern — type I and II according to Sano, Y. The 
study did not include patients with neoplasms in 
which the pit pattern corresponded to type Vi-Vn 
according to Kudo, S., and vascular pattern — type 
IIIa-IIIb according to Sano, Y., as well as patients 
with familial adenomatous polyposis, recurrent 
large intestine tumors. Patients with neoplasms 
who had incomplete or no tumor lifting were ex-
cluded from the study [5]. The study was approved 
by the local Ethics Committee, Protocol No. 10 and 
was registered on the website ‘clinicaltrials.gov’ 
(registration number NCT05690490).
The distribution of patients into groups was car-
ried out intraoperatively using a random num-
ber generator on the website randomizer.org. 
Endoscopic submucosal dissection was performed 
for 51 patients, and endoscopic mucosal resec-
tion with circumferential incision (C-EMR) — for 
52 patients.
There was no significant difference between the 
groups in age, gender, tumor site and size. The me-
dian size of colon neoplasms in the C-EMR group 
was 24 (20–27) mm, and in the ESD group — 25 
(21.5–30) mm. Tumors were located mainly in the 
hepatic flexure of the colon — in 38 (73.1%) cases 
in the main group and in 40 (78.4%) in the control 
group (Table 1).
The Parisian and pragmatic classifications were 
used to describe the macroscopic structure of the 
tumor [13,14]. The assessment of the surface pat-
tern of the tumor was carried out according to the 
classifications of Kudo, S. and Sano, Y., and with re-
gard to the characteristics of dentate neoplasms, 
the classification of Kimura, T. was used [15–17].
It was noted that in the ESD group, a flat-raised lat-
erally spreading non-granular type of neoplasms 
was observed somewhat more often according to 
the pragmatic classification (LST-NG-FE), and in 
the control group, a laterally spreading granular 
homogeneous type (LST-GH). The vascular pattern 
of the type II tumor surface according to the Sano, 
Y. classification was predominant in the C-EMR and 
ESD groups in 43 (82.7%) and 34 (66.7%) cases, re-
spectively (Table 2).
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All procedures were performed under intrave-
nous sedation. When removing a large intestine 
tumor by endoscopic mucosal resection with cir-
cumferential incision (C-EMR), as well as ESD, the 
first stage was to create a submucosal ‘cushion’ 
by injecting gelofuzine solution stained with in-
digocarmine into the intestinal wall. Lifting was 
evaluated based on the Kato, H. classification 
[18]. In the case of complete lifting (type 1,2 ac-
cording to Kato, H.), in the main group, a circu-
lar incision of the mucous layer around the neo-
plasm with an indentation of 2–3 mm from it was 
performed using an endoscopic knife to achieve 
a negative lateral resection margin. Further, to 

reduce the risk of thermal effects on the deep lay-
ers of the intestinal wall, repeated injection of a 
plasma-substituting solution into the submuco-
sal layer in the projection of the neoplasm was 
mandatory. Then, after selecting the appropriate 
endoscopic loop, it was installed directly into the 
incision area, tightened, and electro excision of 
the tumor was performed. Upon completion of tu-
mor removal, the postoperative surface was evalu-
ated in accordance with the Sydney Classification 
to determine the depth of thermal lesion to the 
intestinal wall [19]. Visually detectable vessels in 
the resulting lesion were treated with hemostatic 
forceps, and, if necessary, the edges of the formed 

Table 1. General characteristics of patients and removed neoplasms

Parameter C-EMR
(n = 52)

ESD
(n = 51) p

Age (median), years 63 (52-70) 61 (56-68) 0.5***
Gender
Male 22 (42.3%) 28 (54.9%) 0.2**
Female 30 (57.7%) 23 (45.1%)
Tumor site in the colon
Hepatic flexure 38 (73.1%) 40 (78.4%) 0.5**
Splenic flexure 14 (26.9%) 11 (21,6%)

11 (21.6%)
0,5**
0.5**

Median tumor size (quartile), mm 24 (20-27.5) 25 (21.5-30) 0.2***

Note: p* — Fisher exact criterion; p** — criterion χ2; p*** — Mann–Whitney criterion

Table 2. Characteristics of colon neoplasms

Parameter C-EMR
(n = 52)

ESD
(n = 51) p

Parisian Classification
0-Is 9 (17.3%) 4 (7.8%) 0.2*
0-IIa 40 (76.9%) 45 (88.3%) 0.2*
0-Is + 0-IIa 3 (5.8%) 2 (3.9%) 1.0*
Pragmatic Classification
LST-GH 24 (46.2%) 18 (35.3%) 0.3**
LST-GM 3 (5.8%) 5 (9.8%) 0.5*
LST-NG-FЕ 15 (28.8%) 24 (47.1%) 0.06**
LST-NG-PD 1 (1.9%) 0 1.0*
Classifications of S. Kudo and T. Kimura
IIIs 8 (15.4%) 9 (17.6%) 0.8*
IIIL 23 (44.2%) 12 (23.5%) 0.03**
IIIL + IV 7 (13.5%) 5 (9.8%) 0.7*
IV 3 (5.8%) 2 (3.9%) 1.0*
IIIs + IIIL 2 (3.8%) 4 (7.8%) 0.4*
II-O 9 (17.3%) 19 (37.3%) 0.03**
Classification of Y. Sano
I 9 (17.3%) 17 (33.3%) 0.06**
II 43 (82.7%) 34 (66.7%)

Note: p* — Fisher exact test; p** — χ2 test
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lesion of the intestinal wall were connected to 
each other using endoscopic clips. The removed 
neoplasm was extracted and fixed on a foam plate 
in order to correctly assess the resection edges. 
If it was impossible to remove the neoplasm with 
one fragment, a decision was made to convert to 
another method of endoscopic intervention. ESD 
in the control group was performed according to 
the standard procedure. After creating a submu-
cosal lift, an incision of the mucous layer around 
the tumor was performed with an indentation of 
2–3 mm from its edges. Then, submucosal dissec-
tion was performed directly, in which the tumor 
was separated from the intestinal wall, upon suc-
cessful completion of which, visual control of the 
resulting intestinal wall lesion was carried out 
and, in some cases, its closure with clips. The re-
moved specimen was extracted for pathomorphol-
ogy. After discharge from hospital, patients whose 
tumor was removed in en bloc, a control colonosco-
py was recommended after 12 months, and in case 
of specimen fragmentation — after 3–6 months 
[20,21].
In the process of removing tumors using C-EMR 
and ESD endoscopic methods, endoscopists re-
corded technical difficulties that could poten-
tially complicate the surgery, increasing the op-
eration time, the likelihood of complications and 
conversion. These difficulties included: a difficult 
location of the tumor (along the mesenteric edge 
of the hepatic and splenic flexures of the colon, 
along the posterior surface of the intestinal fold, 
in the area of the lower lip of the ileocecal valve), 
making it hard to implement an adequate angle of 
attack, due to limited mobility of the distal end 
of the endoscope with maximum tension of its 
handle rods; the presence of excess fat, fibrosis, 

large vessels in the submucosal layer; increased 
peristalsis (when intestinal peristaltic waves took 
more than half the time of the entire surgery).
The results obtained were used in the analy-
sis of risk factors for conversion of endoscopic 
intervention.
The primary patient data was entered into a 
specially designed Microsoft Office Excel 2018 
spreadsheet. Statistical processing of the re-
search results was carried out using IBM SPSS 
Statistics v.26 software. The analysis of the re-
sults of the study was carried out according to the 
‘intention to treat’ protocol. The research mate-
rials were subjected to statistical analysis using 
parametric and non-parametric methods. When 
describing quantitative indicators with a normal 
distribution, the data obtained were combined 
into a series of variations in which the mean 
(M) and standard deviations (± SD), the margins 
of the 95% coincidence interval (95% CI) were 
calculated. Quantitative indicators, the distribu-
tion of which differed from the normal one, were 
described using median (Me) and interquartile 
range (Q1-Q3) values. When comparing values in 
normally distributed sets of quantitative data, 
the Student’s t-test was used. The Mann-Whitney 
U-test was used to compare the medians. In the 
analysis of qualitative variables, the χ2 test and 
the exact Fisher test were used. To assess risk fac-
tors, odds ratios (OR) were calculated using four-
field tables with a 95% coincidence interval (CI). 
The identification of possible risk factors for the 
treatment was carried out using binary logistic 
regression.

RESULTS

The results of treatment were analyzed in 52 pa-
tients with colon neoplasms who underwent en-
doscopic resection of the mucous layer and in 
51 patients who underwent dissection in the sub-
mucosal layer.
The median time to perform C-EMR upon removal 
of epithelial neoplasms of the colon was 30 (25–
39), versus 60 (60–75) minutes in the ESD group. 

Video 1. Endoscopic mucosal resection with a circumferential 
incision in the removal of colon epithelial neoplasm
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The differences in the operation duration were 
significant (p = 0.001) (Table 3).
Intraoperative bleeding developed in two pa-
tients 2/52 (3.8%) in the C-EMR group. In one 
patient, during the removal of a 30-mm sig-
moid colon tumor, against the background of 
increased intestinal peristalsis and abdominal 
respiration, it was not possible to endoscopi-
cally stop bleeding from large vessels of the 
submucosal layer. The conversion to abdominal 
surgery was performed in the volume of sigmoid 
colon resection. In the second case, intraopera-
tive bleeding was stopped endoscopically using 
hemostatic forceps. Intraoperative perfora-
tion of the intestinal wall occurred in one 1/52 
(1.9%) patient in the C-EMR group during the 
removal of an ascending colon tumor measuring 
30 mm in diameter. It was treated by reducing 
the edges of the lesion with endoscopic clips. 
The postoperative period proceeded without 
complications. On the 5th day after the surgery, 
the patient was discharged from hospital in a 
satisfactory condition. Here were no significant 
differences in the incidence of intraoperative 
complications between the main and control 
groups (p = 0.3).

In the postoperative period, complications devel-
oped in 10 (19.2%) patients in the C-EMR group and 
in 12 (23.5%) patients in the ESD group (p = 0.6). 
The most common postoperative complication was 
post-coagulation syndrome (PS), which occurred 
in 9 (17.3%) and 11 (21.6%) patients of the main 
and control groups, respectively (p = 0.6).
After performing C-EMR, in 1/52 (1.9%) patient in 
the postoperative period, perforation of the intes-
tinal wall in the area of surgery developed on day 
3. This complication required emergency surgery. 
Taking into account the localization of the perfo-
ration of the colon, the patient underwent a right-
sided hemicolectomy with the formation of an ile-
otransversal anastomosis. In the ESD group, in 2 
(3.9%) patients developed bleeding from the area 
of surgery in the postoperative period, the cessa-
tion of which required colonoscopy and clipping of 
the bleeding vessel, which was successfully per-
formed (Table 3).
Based on the analysis of the results of the study, it 
was found that in the control group, excessive fat 
deposition in the submucosal layer in the neoplasm 
zone was significantly more often in patients — in 
15 (29.4%) cases, while in the main group, this was 
noted only in 6 (11.5%) patients (p = 0.03). It was 

Table 3. Characteristics of endoscopic removal of neoplasms

Parameter C-EMR
(n = 52)

ESD
(n = 51) p

Median operation time (quartiles), min. 30 (25–39) 60 (60–75) 0.001**
Rate of intraoperative complications, n (%) 3 (5.8%) 0 0.3*
Bleeding, n (%) 2 (3.8%) 0 0.5*
Perforation, n (%) 1 (1.9%) 0 1.0*
Rate of postoperative complications 10 (19.2%) 12 (23.5%) 0.6***
Postcoagulation syndrome, n (%) 9 (17.3%) 11 (21.6%) 0.6*
Bleeding, n (%) 0 2 (3.9%) 0.3*
Perforation, n (%) 1 (1.9%) 0 1.0*

Note: p* — Fisher exact criterion; p** — Mann –Whitney criterion; p*** — criterion χ2

Table4. Difficulties during endoscopic operation

Parameter C-EMR
(n = 52)

ESD
(n = 51) p

Difficult tumor site for endoscopic intervention, n (%) 20 (38.5%) 15 (29.4%) 0.3***
Large vessels of the submucosal layer, n (%) 5 (9.6%) 10 (19.6%) 0.2*
Excess fat in the submucosal layer, n (%) 6 (11.5%) 15 (29.4%) 0.03***
Fibrosis of the submucosal layer, n (%) 3 (5.8%) 21 (41.2%) 0.001***
Increased intestinal peristalsis, n (%) 15 (28.8%) 9 (17.6%) 0.2*

Note: p* — Fisher exact criterion; p** — Mann–Whitney criterion; p*** — criterion χ2
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also noted that in the ESD group, patients with 
fibrosis of the submucosal layer of the intestinal 
wall in the tumor zone were more common — 21 
(41.2%) cases, and in the C-EMR group this was re-
corded in 3 (5.8%) cases (p = 0.001). This differ-
ence is explained by the fact that when performing 
endoscopic submucosal dissection, namely during 
the separation of the tumor from the muscular 
membrane of the intestinal wall, the submucosal 
layer is visually monitored throughout, which al-
lows the endoscopist to assess the presence of 
certain changes with high probability. Whereas, in 
the case of using the C-EMR technique, after per-
forming a circular incision, only a small part of the 
submucosal layer can be visualized (Table 4).
It was noted that in the group of endoscopic sub-
mucosal dissection, in 6/51 (11.7%) cases, the in-
tervention was converted: in 4 (7.8%) patients — 
to the C-EMR method and in 2 (3.9%) cases — to 
the fragmentary loop resection method. The rea-
son for the conversions in three observations was 
the neoplasm location difficult for ESD (in the 
area of the lower lip of the ileocecal valve, along 
the posterior surface of the fold) in combination 
with fibrosis and excessive fat deposition in the 
submucosal layer of the intestinal wall, in three 
other observations increased intestinal peristalsis 
against the background of abdominal breathing. 
And in the group of endoscopic mucosal resection 
with circumferential incision (C-EMR), conversion 
was noted in 3/52 (5.8%) cases. In 2 (3.8%) pa-
tients, a fragmentary loop resection method was 
used due to the difficult tumor site (along the 
mesenteric edge in the hepatic and splenic flex-
ures of the colon), and in 1 (2.0%) patient, a cavity 
surgery due to intraoperative bleeding that could 
not be controlled endoscopically.
Taking into account the conversion of endoscopic 
intervention in the groups, we analyzed the fac-
tors that could potentially affect this outcome.

As risk factors, we analyzed such indicators as the 
size of the tumor to be removed, the presence of 
large vessels in the submucosal layer, a difficult 
tumor site, excessive fat in the submucosal layer 
of the intestinal wall, the presence of fibrosis of 
the submucosal layer, increased intestinal peri-
stalsis, intraoperative complications, and the en-
doscopic operation time. Quantitative signs (the 
size of the tumor to be removed and the operation 
time) were reduced to binary values using ROC 
analysis (Table 5).
Univariate regression analysis showed that the 
factors statistically significantly increasing the 
probability of intervention conversion in the en-
tire cohort of patients were: difficult tumor lo-
cation (OR = 20.9; 95% CI:2.5–175.6; p = 0.02), 
intraoperative complications (OR = 26.6; 95% 
CI:2.2–33.1; p = 0.02), fibrosis of the submucosal 
layer (OR = 4.9 95% CI:1.2–20.2; p = 0.03), as well 
as increased intestinal peristalsis (OR = 15.8; 95% 
CI:3.1–83.1; p = 0.001) (Table 6).
Next, we developed a predictive model of the de-
pendence of the conversion probability on fac-
tors that significantly increase the probability of 
developing an intervention conversion using the 
binary logistic regression method with the selec-
tion of factors by the exclusion method.
As a result of the multivariate analysis, inde-
pendent factors that statistically significantly 
increase the likelihood of endoscopic interven-
tion conversion turned out to be a difficult tumor 
site (OR = 18.3; 95% CI:1.9–176.8; p = 0.01) and 
an intraoperative complication (OR = 37.5; 95% 
CI:1.1 1317.9; p = 0.04). Analysis of the results of 
pathomorphological studies of surgical specimens 
showed that in the ESD group there was a slight-
ly higher number of tumor resections in en bloc 
compared to the C-EMR group — 49 (96.1%) and 
47 (90.4%) observations, respectively, but the 
differences were not significant (p = 0.4). The 

Table 5. Characteristics of quantitative features reduced to binary values

Characteristics Cut-off point Sensitivity Specificity Are a under 
curve

The Iodene 
index

Tumor size, mm ≥ 2.7 55.6 75.5 0.64 ± 0.1 0.31
Operation time, min. ≥ 47.5 77.8 51.1 0.72 ± 0.08 0.29
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tumor-positive lateral resection margins were 
noted in 4 (7.7%) cases — in the main and in 3 
(5.9%) specimens — in the control group (p = 1.0) 
(Table 7).
In 4 (7.7%) cases of the main and in 1 (2.0%) case 
in the control group, due to deformation of the 
lateral edge of the specimen due to thermal expo-
sure, it was difficult to clearly assess the resection 
margins, which corresponded to the Rx criterion 
(p = 0.2). According to the results of histologi-
cal examination of the removed specimens, most 
of the neoplasms in the main and control groups 
were represented by adenomatous neoplasms with 
tubular and tubular-villous types of structure.
Also, taking into account the intervention conver-
sion in the main and control groups in 3 (5.7%) 
and 6 (11.7%) cases, respectively, we analyzed the 
results of a pathomorphological study of surgical 
specimens in the groups with their exclusion ac-
cording to the ‘per protocol’ analysis. There were 
no statistically significant differences in the 
groups in terms of R0, R1 and Rx resection margins 
(Table 8).

When analyzing late results after endoscopic re-
moval of tumors using C-EMR and ESD methods, we 
revealed the incidence of local recurrences in the 
groups. The analysis was performed in 45 (86.5%) 
of 52 patients in the main group and in 46 (90.2%) 
of 51 patients in the control group. The median 
follow-up of patients in the C-EMR and ESD groups 
was 12 (12–15) and 12 (12–14) months, respec-
tively (p = 0.5). Local recurrence was detected in 
2 (3.8%) and 1 (2.0%) patients in the main and 
control groups, respectively (p = 1.0). The de-
tected recurrences were removed during a con-
trol colonoscopy by mucosectomy. Patients were 
advised to undergo a control colonoscopy after 
3–6 months. Repeated endoscopic examination 
revealed no recurrence of neoplasms.

DISCUSSION

Today, in the arsenal of an endoscopist, there are 
many techniques for endoscopic removal of tu-
mors of the gastrointestinal tract. Each technique 
has both advantages and disadvantages. In this 

Table 6. Cox-regression analysis of factors influencing the conversion of endoscopic intervention

Factor
Conversion

Univariate Multivariate
OR CI 95% р OR CI 95% р

Tumor size ≥ 2.7 mm, present/no 2.08 (90.3–14.2) 0.4
Operation time ≥ 47.5 min., present/no 2.7 (0.36–20.6) 0.3
Difficult tumor site, present/no 20.9 (2.5–175.6) 0.002 18.3 (1.9–176.8) 0.01
Large vessels of the submucosal layer, present/no 3.4 (0.7–15.5) 0.1
Excessive fat in the submucosal layer, present/no 3.6 (0.8–14.9) 0.08
Fibrosis of the submucosal layer, present/no 4.9 (1.2–20.2) 0.03 4.4 (0.8–23.2) 0.08
Increased intestinal peristalsis, present/no 15.8 (3.1–83.1) 0.001
Intraoperative complications, present/no 26.6 (2.2–33.1) 0.02 37.5 (1.1–1317.9) 0.04

Table 7. Results of the pathomorphology of specimens

Parameter C-EMR
(n = 52)

ESD
(n = 51) р

Resection in en bloc, n (%) 47 (90.4%) 49 (96.1%) 0.4*
Resection margins, n (%)
R0 40 (76.9%) 45 (88.2%) 0.2*
R1 4 (7.7%) 3 (5.9%) 1.0*
Rх 4 (7.7%) 1 (2.0%) 0.4*
Histological structure of neoplasms, n (%)
Tubular adenoma 21 (40.4%) 16 (31.4%) 0.4**
Tubular villous adenoma 22 (42.3%) 17 (33.3) 0.4**
Dentate formation 9 (17.3%) 18 (35.3%) 0.04**

Note: p* — the exact Fisher criterion; p** — the criterion χ
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regard, it is a personalized approach when choos-
ing a particular method of endoscopic tumor re-
moval that plays a significant role in achieving the 
best treatment results for a particular patient.
The technique of endoscopic mucosal resection 
with circumferential incision (C-EMR)is a hybrid 
method combining the stages of mucosectomy 
and ESD.
A comparative analysis of the results of this study 
has demonstrated the safety of the C-EMR tech-
nique, comparable to the method of endoscopic 
submucosal dissection. The incidence of compli-
cations in the groups did not differ statistically 
significantly. It is important that the incidence 
of clinically significant complications is not high. 
They occurred in 3 (5.7%) cases when perform-
ing C-EMR and in 2 (3.9%) patients using the ESD 
method, which correlates with the results of pre-
vious studies [22,23]. However, some authors re-
port a higher incidence of complications in the 
removal of large tumors of the large intestine by 
C-EMR, reaching 35.1%, of which 21.6% are per-
forations of the intestinal wall, and 13.5% are 
bleeding [24]. The most serious complications in 
our study, namely, intraoperative bleeding fol-
lowed by intervention conversion and ‘delayed’ 
perforation requiring repeated surgery, occurred 
in the C-EMR group. In the first case, we attribute 
this to the presence of large vessels in the sub-
mucosal layer of the intestinal wall and increased 
peristalsis, which significantly hampered the en-
doscopic removal of the tumor of the distal third 
of the sigmoid colon. Perforation in the postop-
erative period in the second case is most likely 
associated with the location of the tumor in the 
cecum, where the intestinal wall is the thinnest. 
Since there were conversions in both groups dur-
ing the study, we performed a regression analysis 

that helped to determine the factors that increase 
the likelihood of such an outcome: a difficult tu-
mor site (OR = 18.3) and an intraoperative compli-
cation (OR = 37.5). Our experience has shown that 
careful selection of patients, taking into account 
the above factors, is extremely important and will 
help the endoscopist to identify the category 
of patients who should abandon ESD in favor of 
C-EMR and vice versa, since these endoscopic re-
moval techniques provide a comparably high in-
cidence of en bloc resection and, in this regard, 
are equivalent. Based on the results obtained, if 
the tumor is inconveniently positioned to perform 
ESD, as well as in the presence of submucosal fi-
brosis, it is necessary to give preference to the 
C-EMR method. And in cases where the tumor is 
localized in the hepatic flexure of the colon, where 
the intestinal wall is thinner or large vessels of 
the submucosal layer are detected at the base of 
the neoplasm, endoscopic submucosal dissection 
should be used.
Removal of the tumor in en bloc makes it possible 
to correctly histologically evaluate the specimen 
and reduces the risk of recurrence. Thus, accord-
ing to a large meta-analysis by Belderbos, T.D. 
et al., which combined the results of 33 studies 
where all patients with epithelial neoplasms of 
the large intestine underwent mucosectomy, the 
recurrence rate was significantly lower after en-
doscopic resection in en bloc than after fragmen-
tary removal — 3% and 20% of cases, respectively 
(p < 0.0001) [25]. The C-EMR and ESD methods 
have demonstrated good results regarding the 
radical removal of colon tumors.
The analysis of the results of the pathomorphology 
of the removed specimens in our study allows us to 
conclude that the ESD method is somewhat supe-
rior for negative resection margins to the C-EMR 

Table 8. Results of the pathomorphology of specimens according to the “per protocol” analysis

Parameter C-EMR
(n = 49)

ESD
(n = 45) p

Resection margins, n (%)
R0 43 (87.7%) 44 (97.8) 0.1*
R1 2 (4.1%) 0 0.5*
Rх 4 (8.2%) 1 (2.2%) 0.4*

p* — the exact Fisher criterion
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method for removing benign epithelial neoplasms 
ranging in size from 20 mm to 30 mm. However, the 
differences did not reach statistical significance. 
Based on the results of a randomized study, it was 
found that the removal of large benign neoplasms 
of the colon by the C-EMR method required 2 times 
less time than using the endoscopic submucosal 
dissection method — 30 and 60 minutes, respec-
tively (p = 0.001). This conclusion corresponds 
with the results of previously performed non-ran-
domized studies [9,22]. Despite the fact that such 
a method of endoscopic removal of large intestine 
tumors as ESD, is characterized by a higher inci-
dence of resection in en bloc compared to muco-
sectomy, nevertheless, this technique is still not 
routine when removing large tumors of the gas-
trointestinal tract. Despite the advantages of en-
doscopic dissection in the submucosal layer, due 
primarily to the possibility of constant control of 
the resection margins during the procedure, it los-
es to the method of endoscopic mucosal resection 
wit circumferential incision (C-EMR) in simplicity, 
requiring a high level of qualification of the oper-
ating endoscopist, especially when removing large 
tumors of the large intestine.

CONCLUSION

Endoscopic mucosal resection with circumferen-
tial incision can be an alternative to dissection 

in the submucosal layer when removing benign 
epithelial neoplasms of the colon ranging in size 
from 20 mm to 30 mm, due to its safety and ef-
fectiveness. In addition, an important advantage 
of the C-EMR technique is a 2-fold reduction in the 
operation time compared to endoscopic submuco-
sal dissection with comparable quality of the re-
moved specimen.

AUTHORS CONTRIBUTION
Concept and design: Oleg I. Sushkov, 
Stanislav V. Chernyshov
Collection and processing of material: 
Elmira U. Abdulzhalieva, Evgeny A. Khomyakov, 
Dmitry A. Mtvralashvili, Oleg M. Yugai
Text writing: Elmira U. Abdulzhalieva, 
Oleg I. Sushkov
Text editing: Oleg I. Sushkov, Alexei A. Likutov, 
Victor V. Veselov

INFORMATION ABOUT THE AUTHORS (ORCID)
Oleg I. Sushkov — 0000-0001-9780-7916
Victor V. Veselov — 0000-0001-9992-119X
Elmira U. Abdulzhalieva — 0000-0002-7750-603X
Stanislav V. Chernyshov — 0000-0002-6212-9454
Evgeny A. Khomyakov — 0000-0002-3399-0608
Alexei A. Likutov — 0000-0001-5848-4050
Dmitry A. Mtvralashvili — 0000-0003-3258-7881
Oleg M. Yugai — 0000-0003-4679-5497

REFERENCES
1. Vaganov Yu.E., Khomyakov E.A., Serebriy A.B., 
et al. Mucosectomy and traditional polypectomy in 
the treatment of colon adenomas. Koloproktologia. 
2021;20(2):29–34. (in Russ.). doi: 10.33878/2073-
7556-2021-20-2-29-34

2. Vaganov Yu.E., Veselov V.V., Likutov A.A., et al. 
Risk factors for recurrence of colon adenomas after 
their removal by mucosectomy. Koloproktologia. 
2021;20(1):10–16. (in Russ.). doi: 10.33878/2073-
7556-2021-20-1-10-16

3. Williams AM, Hourigan SJ, Brown LF, et al. Long-term 
adenoma recurrence following wide-field endoscopic 
mucosal resection (WF-EMR) for advanced colonic 
mucosal neoplasia is infrequent: results and risk fac-

tors in 1000 cases from the Australian Colonic EMR 
(ACE) study. Gut. 2015;64(1), 57–65. doi: 10.1136/
gutjnl-2013-305516

4. Likutov A.A., Mtvralashvili D.A., Nagudov M.A., et al. 
Factors limiting the performance of submucosal dissec-
tion in the colon. Koloproktologia. 2021;20(2):50–56. 
(in Russ.). doi: 10.33878/2073-7556-2021-20-2-50-56

5. Abdulzhalieva E.U., Likutov A.A., Mtvralashvili D.A., 
et al. The use of endoscopic resection of the mucous 
membrane with a circular incision in the removal 
of neoplasms of the colon (intermediate results). 
Koloproktologia. 2022;21(4):21–29. (in Russ.). 
doi: 10.33878/2073-7556-2022-21-4-21-29

6. Takuji Gotoda, Hironori Yamamoto, Roy M. Soetikno 

Эндоскопическая мукозэктомия с циркулярным разрезом 
слизистой оболочки в лечении опухолей ободочной кишки. 
Результаты рандомизированного исследования.

Endoscopic mucosal resection with a circumferential incision in the 
removal of colon neoplasms. Results of a randomized trial.

ОРИГИНАЛЬНЫЕ СТАТЬИ ORIGINAL ARTICLES

29

https://doi.org/10.33878/2073-7556-2021-20-2-29-34
https://doi.org/10.33878/2073-7556-2021-20-2-29-34
https://doi.org/10.33878/2073-7556-2021-20-1-10-16
https://doi.org/10.33878/2073-7556-2021-20-1-10-16
https://doi.org/10.1136/gutjnl-2013-305516
https://doi.org/10.1136/gutjnl-2013-305516
https://doi.org/10.33878/2073-7556-2021-20-2-50-56
https://doi.org/10.33878/2073-7556-2022-21-4-21-29


Endoscopic submucosal dissection of early gas-
tric cancer. J Gastroenterol. 2006;41(10), 929–942. 
doi: 10.1007/s00535-006-1954-3

7. Winter K, Włodarczyk M, Włodarczyk J, et al. Risk 
Stratification of Endoscopic Submucosal Dissection 
in Colon Tumors. J Clin Med. 2022 Mar 12;11(6):1560. 
doi: 10.3390/jcm11061560 PMID: 35329886; PMCID: 
PMC8949025

8. Yun Jung Kim, Eun Soo Kim, Kwang Bum Cho, et 
al. Comparison of Clinical Outcomes Among Different 
Endoscopic Resection Methods for Treating Colorectal 
Neoplasia. Clin Endosc. 2018;51(3):266–273. 
doi: 10.1007/s10620-013-2560-x

9. Yoshida N, Inoue K, Dohi O, et al. Efficacy of precut-
ting endoscopic mucosal resection with full or partial 
circumferential incision using a snare tip for difficult 
colorectal lesions. Endoscopy. 2019 Sep;51(9):871–
876. doi: 10.1055/a-0956-6879 Epub 2019 Jul 15 
PMID: 31307100.

10. Dong-Hoon Yang, Min-Seob Kwak, Sang Hyoung 
Park, et al. Endoscopic Mucosal Resection with 
Circumferential Mucosal Incision for Colorectal 
Neoplasms: Comparison with Endoscopic Submucosal 
Dissection and between Two Endoscopists with 
Different Experiences. Clin Endosc. 2017 Jul;50(4):379–
387. doi: 10.5946/ce.2016.058

11. Shahini E, Passera R, Lo Secco G, et al. A system-
atic review and meta-analysis of endoscopic mucosal 
resection vs endoscopic submucosal dissection for 
colorectal sessile/non-polypoid lesions. Minim Invasive 
Ther Allied Technol. 2022 Aug;31(6):835–847. doi: 10.
1080/13645706.2022.2032759 Epub 2022 Feb 3. PMID: 
35112654.

12. Lee Eun-Jung, Lee Jae Bum, Lee Suk Hee, et al. 
Endoscopic treatment of large colorectal tumors: com-
parison of endoscopic mucosal resection, endoscopic 
mucosal resection–precutting, and endoscopic submu-
cosal dissection. Surgical Endoscopy. 2012;26(8):2220–
2230. doi: 10.1007/s00464-012-2164-0

13. René Lambert, Shin ei Kudo, Michael Vieth, et 
al. Pragmatic classification of superficial neoplas-
tic colorectal lesions. Gastrointest Endosc. 2009 
Dec;70(6):1182–99. doi: 10.1016/j.gie.2009.09.015

14. Lambert R, et al. Update on the Paris Classification 
of Superficial Neoplastic Lesions in the Digestive 
Tract. Endoscopy. 2005;37(6):570–578. doi: 10.1055/
s-2005-861352

15. Kudo S, Rubio CA, Teixeira CR, et al. Pit pattern 
in colorectal neoplasia: endoscopic magnifying view. 
Endoscopy. 2001;33(4):367– 373. doi: 10.1055/s-

2004-826104

16. Sano Y, Ikematsu H, Fu KI, et al. Meshed capillary 
vessels by use of narrow-band imaging for differential 
diagnosis of small colorectal polyps. Gastrointestinal 
Endosc. 2009;69:278–283. doi: 10.1016/j.
gie.2008.04.066

17. Kimura T, Yamamoto E, Yamano HO. A novel pit 
pattern identifies the precursor of colorectal can-
cer derived from sessile serrated adenoma. Am J 
Gastroenterol. 2012;107(3):460–469. doi: 10.1038/ 
ajg.2011.457

18. Kato H, Haga S, Endo S, et al. Lifting of Lesions 
During Endoscopic Mucosal Resection (EMR) of Early 
Colorectal Cancer: Implications for the Assessment 
of Resectability. Endoscopy. 2001 Jul;33(7):568–73. 
doi: 10.1055/s-2001-15308

19. Burgess NG, Bassan Milan S, McLeod, et al. Deep 
mural injury and perforation after colonic endoscopic 
mucosal resection: a new classification and analy-
sis of risk factors. Gut. 2017 Oct;66(10):1779–1789. 
doi: 10.1136/gutjnl-2015-309848

20. Hassan C, Antonelli G, Dumonceau JM, et 
al. Post-polypectomy colonoscopy surveillance: 
European Society of Gastrointestinal Endoscopy 
(ESGE) Guideline — Update 2020. Endoscopy. 2020 
Aug;52(8):687–700. doi: 10.1055/a-1185-3109 Epub 
2020 Jun 22. PMID: 32572858.

21. Pimentel-Nunes P, Libânio D, Bastiaansen BAJ, 
et al. Endoscopic submucosal dissection for super-
ficial gastrointestinal lesions: European Society 
of Gastrointestinal Endoscopy (ESGE) Guideline — 
Update 2022. Endoscopy. 2022 Jun;54(6):591–622. 
doi: 10.1055/a-1811-7025 Epub 2022 May 6. PMID: 
35523224.

22. Bae JH, Yang DH, Lee S, et al. Optimized hybrid 
endoscopic submucosal dissection for colorectal 
tumors: a randomized controlled trial. Gastrointest 
Endosc. 2016 Mar;83(3):584–92. doi: 10.1016/j.
gie.2015.06.057 Epub 2015 Aug 28. PMID: 26320696.

23. Fuccio L, Hassan C, Ponchon T, et al. Clinical out-
comes after endoscopic submucosal dissection for 
colorectal neoplasia: a systematic review and meta-
analysis. Gastrointest Endosc. 2017 Jul;86(1):74–86.
e17. doi: 10.1016/j.gie.2017.02.024 Epub 2017 Feb 
28. PMID: 28254526.

24. Kim YJ, Kim ES, Cho KB, et al. Comparison of clinical 
outcomes among different endoscopic resection meth-
ods for treating colorectal neoplasia. Dig Dis Sci. 2013 
Jun;58(6):1727–36. doi: 10.1007/s10620-013-2560-x 
Epub 2013 Feb 6. PMID: 23385636.

ОРИГИНАЛЬНЫЕ СТАТЬИ ORIGINAL ARTICLES

30
КОЛОПРОКТОЛОГИЯ, том 23, № 1, 2024 KOLOPROKTOLOGIA, vol. 23, № 1, 2024

https://doi.org/10.1007/s00535-006-1954-3
https://doi.org/10.3390/jcm11061560
https://doi.org/10.1007/s10620-013-2560-x
https://doi.org/10.1055/a-0956-6879
https://doi.org/10.5946/ce.2016.058
https://doi.org/10.1080/13645706.2022.2032759
https://doi.org/10.1080/13645706.2022.2032759
https://doi.org/10.1007/s00464-012-2164-0
https://doi.org/10.1016/j.gie.2009.09.015
https://doi.org/10.1055/s-2005-861352
https://doi.org/10.1055/s-2005-861352
https://doi.org/10.1055/s-2004-826104
https://doi.org/10.1055/s-2004-826104
https://doi.org/10.1016/j.gie.2008.04.066
https://doi.org/10.1016/j.gie.2008.04.066
https://doi.org/10.1038/
https://doi.org/10.1055/s-2001-15308
https://doi.org/10.1136/gutjnl-2015-309848
https://doi.org/10.1055/a-1185-3109
https://doi.org/10.1055/a-1811-7025
https://doi.org/10.1016/j.gie.2015.06.057
https://doi.org/10.1016/j.gie.2015.06.057
https://doi.org/10.1016/j.gie.2017.02.024
https://doi.org/10.1007/s10620-013-2560-x


25. Belderbos TD, Leenders M, Moons LM, et al. Local 
recurrence after endoscopic mucosal resection of non-
pedunculated colorectal lesions: systematic review 

and meta-analysis. Endoscopy. 2014 May;46(5):388–
402. doi: 10.1055/s-0034-1364970 Epub 2014 Mar 26. 
PMID: 24671869.

Эндоскопическая мукозэктомия с циркулярным разрезом 
слизистой оболочки в лечении опухолей ободочной кишки. 
Результаты рандомизированного исследования.

Endoscopic mucosal resection with a circumferential incision in the 
removal of colon neoplasms. Results of a randomized trial.

ОРИГИНАЛЬНЫЕ СТАТЬИ ORIGINAL ARTICLES

31

https://doi.org/10.1055/s-0034-1364970

