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Abstract 

Background:  Dual-clip and rubber band-assisted endoscopic submucosal dissection (DCRB-ESD) is a useful tech-
nique in the management of lateral spreading tumors (LSTs) of the colon and is suggested by researchers compared 
with conventional ESD (C-ESD). The aim of this retrospective study is to further analyze the efficiency and safety of 
DCRB-ESD in a setting with varying technical difficulties.

Methods:  Patients who underwent endoscopic treatment (DCRB-ESD or C-ESD) due to LSTs between Jan 1st, 2019 
and Jan 1st, 2022, were retrospectively collected. Patients were classified into the following two groups: the DCRB-ESD 
group (n = 46) and the C-ESD group (n = 81). Baselines were compared and propensity score matching (PSM) was 
employed to manage the heterogeneity. The technical difficulty and outcomes of the two groups were evaluated 
based on a semiquantitative model (CS-CRESD) previously described.

Results:  The baseline characteristics of the two groups were balanced except sex and LST classification before PSM 
and were corrected after PSM. The median ESD operation time of DCRB-ESD was shorter than that of C-ESD (32 vs 41 
and 30 vs 44 before and after PSM respectively, P < 0.05). The operation durations of cases with different CS-CRESD 
scores were different (P < 0.05). In the subgroup with a score of 0, DCRB-ESD showed no advantage than C-ESD 
in terms of operation duration before and after PSM. In subgroups with a score of 1–3, DCRB-ESD was faster than 
C-ESD. In subgroups with a score of 4–5, the between-group operation duration was not significantly different due 
to the limited number of cases, although the median time of DCRB-ESD was shorter. The R0 resection rates, curative 
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Background
Laterally spreading tumors (LSTs) are defined as non-
polypoid lesions spreading laterally rather than verti-
cally with a diameter ≥ 10 mm [1]. Based on the Japan 
Gastroenterological Endoscopy Society (JSGE) clinical 
practice guideline published in March 2021 [2], LSTs 
are classified as granular type (LST-G) and nongranular 
type (LST-NG) morphologically. Pathologically, LSTs 
are adenocarcinomas or sessile serrated adenomas/
polyps (SSA/P), with risks of multifocal invasions, deep 
submucosal invasions, and submucosal fibrosis. Com-
pared with piecemeal endoscopic membrane resection 
(EMR), endoscopic submucosal dissection (ESD) allows 
precise pathological evaluation after complete en bloc 
resection and lowers the recurrence rate.

Colonic ESD is technically difficult when the lesion 
is confounded with a thin colonic wall, colonic flexure, 
bowel motility, gravity direction, endoscope loop for-
mation, poor endoscope maneuverability and fibrosis of 
the submucosal space [3–8]. Clear visualization of the 
submucosal layer is the key point of performing colonic 
ESD quickly and safely [9]. The classic way of maintain-
ing visualization is to apply a transparent plastic cap 
to the endoscope tip and control the gravity direction 
by adjusting the body position [10, 11]. Novel methods 
such as saline-pocket ESD, pocket-creation ESD, dual-
channel endoscope ESD, magnetic traction ESD, S–O 
clip-assisted ESD, cold snare-assisted ESD, robotic-
assisted ESD, double-balloon platform-assisted ESD, 
etc. can also contribute to the visualization of the sub-
mucosal layer, although each method has its advantages 
and disadvantages [12–19].

Dual-clip and rubber band-assisted ESD (DCRB-
ESD) is also an emerging method to achieve better trac-
tion during the ESD procedure. With clips and rubber 
band, the endoscopist can easily modify the traction 
direction against gravity without adjusting the body 
position. Recent studies have proven that this novel 
method is quicker and safer than conventional ESD 
(C-ESD) [7, 20, 21].

However, when confounded with the multiple fac-
tors mentioned above that can affect the performance 
of colonic ESD in clinical settings, whether DCRB-ESD 
will still perform better than C-ESD is not well estimated. 
In other words, data on DCRB-ESD on different clinical 
settings is limited. In our daily clinical practice, we also 
noticed that not all colonic ESD benefits from this novel 
technique. For some “easy” LST cases (small diameter, 
LST-G, satisfactory gravity direction, etc.), C-ESD might 
be quicker without introducing complication risks.

Therefore, we performed this retrospective case–con-
trol study to analyze the efficiency and safety of both 
DCRB-ESD and C-ESD in the management of colonic 
LSTs with varying technical difficulties in clinical 
settings.

Methods
Study design
This was a retrospective cohort study of patients who 
underwent colonic ESD for the treatment of LSTs at 
Binzhou Medical University Hospital, a regional medi-
cal center and general teaching hospital in Shandong 
Province of China. This study was approved by the ethi-
cal committee of Binzhou Medical University Hospi-
tal (Registration code 2022-LW-11). Informed consent 
was obtained from all patients before the procedure. All 
the data used in this study were collected through an 
endoscopic information system deployed in our medi-
cal center (Qingdao Medicon Co., Ltd, Qingdao, China). 
The STROBE checklist was followed to ensure the paper 
quality.

Inclusion and exclusion criteria
All cases of colonic lesions referred for ESD treatment 
were included between Jan 1st, 2019 and Jan 1st, 2022, 
when the following inclusion criteria were met: (1) lat-
erally spreading tumor (LST) ≥ 10  mm in size or ade-
nomatous polyp with a broad base ≥ 10  mm and (2) no 
evidence of lymph node metastasis based on abdominal 
computed tomography (CT). Exclusion criteria included 
the following: (1) all rectal cases; (2) cases treated with 

resection, complications, and additional surgery in both groups were not significantly different. No adverse events, 
such as a clip falling off or rubber band rupturing occurred during this study.

Conclusion:  DCRB-ESD was an efficient and safe procedure in the management of colonic LSTs. With DCRB-ESD, the 
operation duration of difficult cases can be shortened without sacrificing complication risk. However, not all cases 
would benefit from DCRB-ESD. For easy cases (CS-CRESD score = 0), DCRB-ESD may not be prior to C-ESD by expe-
rienced endoscopists. A pre-ESD technical difficulty evaluation was recommended to decide whether to perform 
DCRB-ESD or not.

Keywords:  Endoscopic submucosal dissection, Dual-clip and rubber band-assisted, Comparison, Lateral spreading 
tumor, Propensity score matching
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hybrid ESD technique characterized by partial submu-
cosal dissection followed by snare-assisted resection, due 
to its potential impact on the outcome of operation dura-
tion; (3) cases that were referred to C-ESD procedure but 
the trimming process was jammed for a long time, lead-
ing to unplanned application of DCRB-ESD (unplanned 
DCRB-ESD cases), due to the impact on the outcome of 
operation duration and the introduced heterogeneity.

The semiquantitative model for the prediction of colorectal 
ESD difficulty
Yun-Shi Zhong et al. proposed a clinical score model for 
grading the technical difficulty of colorectal ESD (CS-
CRESD), which predicts the probability of accomplish-
ing colorectal ESD within 60 min and can be applied to 
grade the technical difficulty before the procedure [22]. 
This prediction model is based on the following four 
independent risk factors: tumor size (1 point when size 
30–50 mm, 2 points when size ≥ 50 mm), the circumfer-
ence of the lesion (2 points when circumference ≥ 2/3 and 
0 points when less), lesion location (1 point for cecum, 2 
points for flexure, 1 point for dentate line), and LST-NG 
lesion (1 point). The total score classifies the technical 
difficulty into easy (score = 0), intermediate (score = 1), 
difficult (score = 2–3), and very difficult (score ≥ 4).

Decision of C‑ESD or DCRB‑ESD
Based on personally experience, the endoscopist (Q. Niu) 
evaluated the difficulty of the ESD procedure. The deci-
sion whether to perform C-ESD or DCRB-ESD was made 
by the endoscopist personally right before the markers 
were proposed.

C‑ESD and DCRB‑ESD
ESD cases were all performed by an endoscopist (Q. Niu) 
who performed more than 100 gastrointestinal tract 
ESDs annually. The complication rate of ESDs performed 
by this endoscopist last year (2021) is 0.85% (two post-
ESD gastral bleedings out of 236 gastrointestinal ESD 
cases, without any perforation).

The C-ESD procedure was conducted with a colono-
scope (CF-HQ290I/CF-Q260JI, Olympus Co., Tokyo, 
Japan) and a high-frequency surgical device (VIO 200D, 
ERBE, Tübingen, Germany). A transparent plastic cap 
(D-201-11804; Olympus, Japan) was initially attached to 
the tip of the endoscope during this procedure to obtain 
better vision and maintain tension. Markers were pointed 
at least 5  mm to the edge of the LSTs using DualKnife 
(KD-650Q; Olympus, Tokyo, Japan). A mixed solution of 
indigo carmine, epinephrine, and saline was injected to 
fully lift the colonic mucosa layer with an injection nee-
dle (NM-200U-0523; Olympus, Japan). Then, electric 
trimming was conducted with a margin of 5  mm from 

the markers. Then, the trimming process was performed 
from the distal edge with the plastic cap introduced into 
the space of the submucosal layer. After the LSTs was 
fully resected, hemostatic forceps (HBF-16/1800; Micro-
Tech Nanjing Co., Ltd, China) were used to perform 
coagulation to reduce bleeding risk. During this proce-
dure, the patient’s position was adjusted when needed to 
control the direction of traction.

The DCRB-ESD procedure was basically the same 
as C-ESD, with the extra help of a dual-clip and rubber 
band to obtain better vision and tension. Rubber bait 
bands (SeaKnight, Shanghai, China) were adopted. The 
band was approximately 3 mm in outer diameter, 1.5 mm 
in inner diameter, and 1  mm in thickness and could be 
directly deployed through the instrument channel of 
the endoscope (Fig.  1). When traction was needed dur-
ing the ESD procedure, a clip (ROCC-D-26-195, Micro-
Tech Nanjing Co., Ltd, China) holding the band edge was 
delivered through the instrument channel and was fixed 
on the margin of LSTs. Then, another clip was delivered 
to the colon. With one branch of the clip across the band, 
the clip was then dragged and fixed to the proper posi-
tion of the colonic wall to gain traction. After resection, 
the clip fixed onto the colonic wall was removed by for-
eign body forceps (Fig. 2).

Histopathological assessment
Specimens were fixed onto a foam plate and submerged 
into formalin after ESD according to the JSCCR guide-
lines criteria [2].

Definitions
According to the JSCCR guidelines criteria, en bloc 
resection was defined as resection without fragmenta-
tion. Histologically complete resection (R0) was defined 
as en bloc resection with negative horizontal margin 
invasion (HM0) and negative vertical margin invasion 
(VM0). Curative resection was defined as R0 resection 
with no risk of lymph node metastasis. Perforation was 
defined as a complete hole through the colonic muscle 
during the treatment or clinical evidence upon postoper-
ative radiological findings. Bleeding was defined as clini-
cal evidence of bleeding after ESD.

The ESD procedure duration was defined as the 
time duration from submucosal injection to specimen 
retrieval.

Outcomes
Operation duration was included as the primary out-
come. The R0 resection rate, curative resection rate, 
tumor differentiation, tumor infiltration, bleeding, perfo-
ration, and additional surgery were included as second-
ary outcomes.
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Fig. 1  Composition of the traction device. a The outer diameter of the rubber band; b the inner diameter of a rubber band; c external rubber band 
elasticity; d the first clip and rubber band; e clamping the rubber band and entering the instrument channel; f a set with a dual-clip and rubber 
band externally

Fig. 2  DCRB-ESD procedure. a LST-G(m) at the cecum; b after submucosal injection, circumferential incision and deep trimming were performed; 
c first clip with a rubber band attached on the edge of the LST; d fixation of the second clip grasping rubber band on the opposite wall to fully 
expose the submucosa; e dissection with traction; f specimen stretched on plate
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Follow‑up
All patients in this study were referred to a routine endo-
scopic follow-up procedure in the outpatient department.

Statistical analysis and propensity score matching (PSM)
All calculations were conducted using the SPSS statisti-
cal software package (SPSS 26; Chicago, IL, USA). Con-
tinuous variables are presented as the mean and standard 
deviation. A chi-squared test was used for comparisons 
between categorical variables, and an independent t test 
was used for comparisons between continuous vari-
ables. Fisher’s exact test was used when necessary. Non-
parametric statistics were performed when data did not 
match the normal distribution, where variables are pre-
sented as median and interquartile range. Two-sided 
P values less than 0.05 were considered statistically 
significant.

To reduce the heterogeneity of baselines, the propensity 
score matching (PSM) module of SPSS was employed. 

Variables employed in the PSM procedure were age, sex, 
LST size, circumference, LST location, LST classification 
and LST located in unfavorable location, with a matching 
ratio of 1:1. The match tolerance was set at 0.02.

Results
Outcomes before PSM
Between Jan 1st 2019 and Jan 1st 2022, a total of 127 
patients were enrolled, of whom 46 and 81 patients were 
grouped into the DCRB-ESD and C-ESD groups, respec-
tively (Fig. 3). The baseline characteristics were well bal-
anced between the two groups except for sex and LST 
classification (Table 1).

The median ESD procedure times were 32.0 and 
41.0  min in the DCRB-ESD group and C-ESD group, 
respectively (p < 0.05). The operation durations of cases 
with different CS-CRESD scores were different (p < 0.05). 
In subgroups with a score of 0, DCRB-ESD spent 
more time than C-ESD (45.0 vs. 22.50, p < 0.05), but in 

Fig. 3  Flowchart depicting the patient selection process
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subgroups with a score of 1 ~ 3, DCRB-ESD was faster 
than C-ESD (22.0 vs. 38.0, 42.0 vs. 52.0, 35.0 vs. 60.0, 
p < 0.05). In subgroups with a score of 4–5, the between-
group operation duration was not significantly different 
due to limited cases, although DCRB-ESD was faster 
than C-ESD greatly (55.5 vs. 100.5 and p = 0.33, 146 vs. 
172 and p = 1.0, respectively) (Table 2).

The en bloc resection rate in both groups was 100.0%. 
The R0 resection rates in both groups were not signifi-
cantly different (92.59% vs. 97.83% in the C-ESD group 
and DCRB-ESD group, respectively, p = 0.10). The cura-
tive resection rates in both groups were not significantly 

different (91.36% in the C-ESD group and 91.30% in the 
DCRB-ESD group, p = 0.19). The post-ESD bleeding 
rates were 1.23% and 2.17%, respectively (p = 0.68). There 
were no perforation cases in either group. No adverse 
events, such as a clip dropping or rubber band rupturing, 
occurred in this study (Table 2).

When referring to lesion differentiation and depth 
of tumor invasion between the two groups, no signifi-
cant difference was found (p = 0.68). Two patients in the 
DCRB-ESD group and three patients in the C-ESD group 
underwent additional surgery, and no metastasis was 
found (Table 2).

Table 1  Patient baseline characteristics before and after propensity score matching

Variables Overall cohort Matched cohort

C-ESD group (n = 81) DCRB-ESD 
group (n = 46)

p value C-ESD group (n = 35) DCRB-ESD 
group (n = 35)

p value

Age 60.33 ± 12.60 60.65 ± 12.82 0.89 58.09 ± 18.09 59.46 ± 12.56 0.63

Sex (male/female) 0.00 1.0

Male 50 41 30 30

Female 31 5 5 5

Location of lesions 0.07 0.80

Rectal sigmoid junction 6 1 2 1

Sigmoid colon 23 3 4 3

Descending-sigmoid junction 7 4 1 4

Descending colon 6 6 4 6

Splenic flexure 1 2 1 1

Transverse colon 11 6 8 5

Hepatic flexure 6 6 3 2

Ascending colon 14 9 7 5

Cecum 7 9 5 8

Unfavorable location 36 24 0.30 17 17 0.78

Lesion size 0.98 0.97

< 30 mm 55 32 22 23

30–50 mm 24 13 12 11

> 50 mm 2 1 1 1

Lesion area (mm2) [Median, IQR] 500, 490.0 420, 480.0 0.63 500,675 360,525 0.30

Lesion circumference ratio 0.92 1.0

< 2/3 79 45 34 34

> 2/3 2 1 1 1

LST classification 0.00 0.81

LST-G 62 19 19 18

LST-NG 19 27 16 17

Cases of each CS-CRESD score 0.14 0.99

0 22 3 3 3

1 23 18 14 15

2 23 15 12 12

3 10 7 4 3

4 2 2 1 1

5 1 1 1 1
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91.3% of the DCRB-ESDs were performed with one 
set of DCRB. Two sets of DCRBs were used separately 
in three lesions due to large lesion area, and three sets 
were used in one LST-NG lesion due to unclear visu-
alization of the submucosa.

Outcomes after PSM
Since LST classification could potentially influence 
the ESD procedure time, PSM was performed, and 
the unbalance was corrected. The results were basi-
cally the same. Although the statistical significances 
in some subgroups were influenced, the overall results 
still follow the same trend after PSM (Fig. 4).

Discussion
Our study proved the value of DCRB in the management 
of colonic LST cases. This technique generally shortens 
the operation duration and it contributes less when fac-
ing easy colonic LST cases.

Our data proved that the DCRB could improve ESD 
efficiency. Overall, the operation duration with DCRB 
is significantly reduced. DCRB-ESD could generally 
shorten the operation duration, especially for difficult 
LSTs. The operation times of cases with CS-CRESD of 
1–3 were shorter, when DCRBs were used. Moreover, the 
interquartile range of operation duration in the DCRB-
ESD group was smaller than that of C-ESD, indicating 
that the application of DCRB can maintain the stability of 

Table 2  ESD and postoperative outcomes before and after propensity score matching

*The operation times for each subgroup did not conform to a normal distribution and are expressed as median and interquartile range (IQR). IQRs for subgroups of 4 
and 5 were left blank due to lack of sufficient cases to calculate them

Variables Overall cohort Matched cohort

C-ESD group (n = 81) DCRB-ESD group (n = 46) p value C-ESD group (n = 35) DCRB-ESD 
group 
(n = 35)

p value

Operation time of each CS-CRESD 
score subgroup (min)*

0 [Median, IQR] 22.50, 14 45.0, – 0.05 31.00, – 45.00, – 0.3

1 [Median, IQR] 38.0, 11 22.0, 11 0.00 35.50,18 20.00,10 0.00

2 [Median, IQR] 52.0, 21 42.0, 18 0.00 51.50,22 43.00,19 0.04

3 [Median, IQR] 60.0, 27 35.0, 6 0.01 64.00,30 35.00, – 0.07

4 [Median, IQR] 100.5, – 55.5, – 0.33 128, – 58, – 0.32

5 [Median, IQR] 172, – 146, – 1.00 172, – 146, – .032

Post-ESD pathological diagnosis 0.68 0.77

Sessile serrated adenoma 8 7 3 7

Low-grade dysplasia adenoma 45 24 20 15

High-grade dysplasia adenoma 19 8 7 7

Mucosal cancer 3 2 2 2

SM1 < 1000 μm 0 1 1 1

SM2 > 1000 μm or deeper 6 4 2 3

En bloc resection rate, n (%) 81/81 (100%) 46/46 (100%) – 35/35 35/35 –

R0 resection rate, n (%) 75/81(92.59%) 45/46(97.83%) 0.10 33/35(94.3%) 34/35(97.1%) 1.0

Curative resection rate, n (%) 74/81(91.36%) 42/46(91.30%) 0.19 32/35(91.4%) 31/35(88.6%) 1.0

Complications

Post-ESD bleeding 1/81 (1.23%) 1/46 (2.17%) 0.68 1(2.86%) 1(2.86%) 1.0

Perforation 0 0 – 0 0 –

Clip drop – 1 – 0 1 –

Rubber band fracture – 0 – 0 –

Sets of DCRB used in each case

1 – 42 – 31 –

2 – 3 – 3 –

3 – 1 – 1 –

Additional surgery 3/81 (3.7%) 2/46(4.35%) 0.60 2/35(5.7%) 1/35(2.86%) -
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the ESD technique in cases of 1–3 points of CS-CRESD 
(Fig. 4). Due to the insufficient number of cases in sub-
groups with CS-CRESD of 4 or 5, the operation duration 
was not significantly different. However, since DCRB 
showed stable performance in subgroups with lower 
scores, we believe that further study with more cases 
would show the value of DCRB in cases with higher dif-
ficulty scores.

In this study, DCRB-ESD showed no superiority over 
C-ESD in terms of operation duration in cases with a CS-
CRESD score of 0 before PSM. After PSM, the median 
operation time of DCRB-ESD was still larger than that of 
C-ESD, although the difference was not statistically sig-
nificant. This insignificant outcome after PSM is mainly 
attributed to the limited number of cases with a score of 
0. When planning ESD treatment, the endoscopist tends 
to not apply DCRB in easy cases. The reason is it spends 
about 3–5 min to place DCRB(s) and therefore the over-
all operation time is affected. If the endoscopist evaluates 
that the extra time spent on DCRB(s) cannot offset the 
saved operation time, DCRB-ESD will not be chosen. In 
other words, we think that whether DCRB-ESD shortens 
operation time of easy LST cases depends largely on the 
experience of the endoscopist. Since the endoscopist (Q. 
Niu) in this study is experienced in ESD procedure, most 
of the easy cases were referred to C-ESD. The results 
proved that fine technique in C-ESD can offset the time 
saved in DCB-ESD in easy cases.

Our data also proved that DCRB-ESD was safe. As 
proven by many researchers, the DCRB-ESD technique 
can reduce postoperative complications and increase 
the en bloc resection rate, R0 resection rate, and cura-
tive resection rate [7, 21]. In our study, there was no per-
foration or infection related to DCRB-ESD. Only one 
patient suffered post-ESD bleeding in the DCRB-ESD 
group (1/46, 2.17%). This post-ESD bleeding lesion was 
located at the rectosigmoid junction. The bleeding site 
was located within the post-ESD ulcer, with no evidence 
of bleeding in the opposite wall, which was the site to 
place the second clip. The data in this study showed no 
significant difference referring to the above parameters, 
which could attribute to the highly experience of the 
endoscopist.

In our study, fishing bait bands were adopted (Fig. 1). 
Compared with other commercial sets, these rubber 
bands were easy to obtain and inexpensive. No infec-
tions or rupture of rubber bands occurred during the 
study, and the traction of the mucous membrane was 
continuous and strong. Combined with the adjustment 
of air volume, they can provide stable traction during 
ESD. During the ESD procedure, this kind of bait rub-
ber bands can be easily transmitted through the instru-
ment channel, and the clips on the colon wall can be 
removed or repositioned with the help of snare or for-
eign body forceps. During the study, the damage of the 
colonic wall or specimens by DCRB was not observed. 

Fig. 4  The operation time of DCRB-ESD and C-ESD based on CS-CRESD before and after PSM. a Before the PSM, b after the PSM. *, statistically 
significant. ns, not statistically significant
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Although one clip dropped from the specimen during 
the operation, it did not cause serious consequences.

The placement procedure of DCRB is to first identify 
the direction of gravity and then judge the operability 
range of the endoscope to find a proper clip placement 
position. Before circumcision or semi circumcision, a 
slightly larger anal margin of LSTs should be reserved 
to avoid tissue damage by the first clip. When placing 
the DCRB, it is necessary to avoid drawing it into the 
deep part of the cutting margin. We also tried to use 
multiple sets of DCRBs when facing difficult lesions, 
and all achieved good traction.

In this study, eight unplanned DCRB-ESD cases were 
excluded from the analysis because time spent on the 
unplanned jammed trimming process can introduce 
heterogeneity if these cases were allocated to DCRB-
ESD group. The first and second cases were Niu’s early 
attempts of DCRB-ESD, and they both scored 2 points 
on CS-CRESD score. The overall operation duration 
was 39  min and 93  min separately, and the time after 
the application of DCRB was 5  min and 13  min. The 
next 6 cases scored 0 ~ 3 points were performed by 
trainee operators initially and were jammed during 
the trimming process for a long time during the opera-
tion. After the application of DCRB, visualization was 
improved. These ESDs were successfully completed 
with no complications. After applying DCRB, these 6 
unplanned cases spent 18.25 ± 14.53  min to finish the 
ESD procedure. Although these unplanned DCRB-
ESD cases were not included in the analysis, these data 
proved that DCRB could improve work efficiency in 
both trainees and experts, as well as the irreplaceable 
role of DCRB-ESD in difficult cases (Table 3).

In our study, PSM was introduced to manage the het-
erogeneity [23]. We should admit this method could 
also introduce limitations [24]. Other limitations of 
this study include its retrospective design, an insuffi-
cient number of cases, and no comparison with other 

traction methods, calling for more data of prospective 
studies.

Conclusion
DCRB-ESD is valuable in the management of LSTs of 
high technical difficulty in the colon. We recommend CS-
CRESD to grade the technical difficulty before the ESD 
procedure. For intermediate and difficult LSTs, DCRB-
ESD is an efficient and safe method. For easy cases, the 
ability of DCRB-ESD to reduce the operation duration 
depends largely on the experience of the endoscopist.
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