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Abstract
Background  Endoscopic submucosal dissection (ESD) is the treatment of choice for colorectal neoplasms in Japan. ESD 
can completely peel off the lesion and is associated with a significantly lower recurrence rate of colorectal cancers than EMR 
and is widely used to treat gastrointestinal tumors. This study aimed to evaluate in vivo traction in endoscopic submucosal 
dissection (ESD) of proximal colon lesions.
Methods  This retrospective study included patients with lesions in the proximal colon who received ESD treatment at Qilu 
Hospital of Shandong University from June 2018 to December 2020. Patients were divided into two groups according to the 
in vivo traction method (orthodontic ring or elastic ring) during operation. The operation time, dissection time, proportion 
of complete resection of lesions, and complications were compared between the two groups.
Results  There were 28 patients in this study. In the orthodontic ring group (n = 10), the average lesion diameter was 2.0–
2.5 cm, and the average operation and dissection times were 26.5 ± 7.47 and 21.5 ± 7.47 min, respectively. In the elastic ring 
group (n = 18), the average lesion diameter was 2.5–5.5 cm, and the average operation and dissection times were 27.39 ± 11.83 
and 22.39 ± 11.83 min, respectively. All lesions were completely resected in a single operation, and no wound perforation 
and delayed bleeding occurred.
Conclusion  In vivo traction-assisted ESD can be used to resect proximal colon lesions in selected patients (precancerous 
lesions and early colon cancer limited to the mucosa or with a submucosa infiltration depth of < 1000 µm).
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Endoscopic submucosal dissection (ESD) is the treatment of 
choice for colorectal neoplasms in Japan. ESD has evolved 
from endoscopic mucosal resection (EMR) [1]. ESD can 
completely peel off the lesion and is associated with a sig-
nificantly lower recurrence rate of colorectal cancers than 
EMR and is widely used to treat gastrointestinal tumors [2]. 
As a result, there has been an increase in the medical facili-
ties that offer ESD. Unlike EMR, however, ESD has high 
technical requirements with a long operation time, and it 
is associated with more complications than EMR, such as 
hemorrhage, perforation, lumen stenosis, and postoperative 

infection. As ESD requires more technical skills, mastering 
this technology requires a long time, and the strict admission 
standards limit its widespread application [3]. However, the 
thinner colonic walls, particularly in the proximal colon, the 
presence of flexures and folds, and peristaltic movements 
of the colon render colorectal ESD particularly challenging 
compared to ESD of cancers in other anatomic locations 
[4, 5].

Along with other advances in devices and techniques 
of ESD in recent years, several traction devices have been 
developed to overcome the challenges encountered in this 
procedure. Some traction techniques used for colorectal 
ESD were limited to sigmoid-rectal lesions [6]. In 2011, 
dental floss traction assistance was used in the ESD of gas-
tric tumors to obtain good operational vision in Taiwan 
[7]. In 2014, “dental floss” traction assistance was found to 
shorten operation time in animal experiments [8] effectively. 
However, this dental floss traction technique, which is com-
monly used, requires the repetitive back-and-forth movement 
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of the endoscope. The proximal colon is far from the anus, 
and such repetitive movement of the endoscope can lead to 
intestinal spasms, prolonging operation time. Since 2018, 
our center has begun to use orthodontic ring traction to assist 
ESD, and the submucosa can be satisfactorily exposed under 
endoscopy. However, for large lesions, orthodontic ring trac-
tion cannot continuously assist in exposing the submucosa.

In 2011, Matsumoto et al. designed a medical ring to 
assist during ESD [9]. It is an inert elastic band that can be 
passed through the instrument channel of a standard endo-
scope. This ring is easy to mount and use for maintaining a 
direct vision of the resected site while performing ESD. We 
performed ESD with the aid of an elastic ring, and the elastic 
ring could be retracted to expose the submucosa throughout 
the procedure.

Generally, ESD is considered complex because of the ina-
bility to lift the mucosa due to the absence of counter trac-
tion. If traction is used to lift the mucosa intraoperatively, 
the surgeons can obtain clear visibility of the submucosa of 
the colon. The enhanced visibility will help greatly reduce 
the difficulty of performing ESD. Therefore, traction devices 
aim to provide better visibility and shorten operation time, 
and consequently, complications in ESD are minimized. 
Therefore, in the present study, we intended to analyze the 
effects and complications of ESD for proximal colon lesions 
performed with the aid of orthodontic ring traction and elas-
tic ring traction.

Materials and methods

Patients

This retrospective study included patients with lesions in 
the proximal colon who underwent ESD at the Department 
of Gastroenterology, Qilu Hospital of Shandong University, 
Qingdao, China, from June 2018 to December 2020.

The inclusion criteria were as follows: (1) patients were 
over 18 years of age; (2) patients had large sessile colo-
rectal polyps or laterally spreading tumors in the proximal 
colon; (3) the lesions were > 2.0 cm in diameter; (4) patients 
received ESD with an orthodontic ring or elastic ring trac-
tion assistance.

Patients with abnormal coagulation function, incomplete 
clinical data, or those who showed poor cooperation during 
colonoscopy were excluded from the study.

Grouping

The patients were divided into two groups based on the trac-
tion mode used during the operation: orthodontic ring (Sup-
plementary Figure S1) or elastic ring. In the present study, 
the orthodontic ring traction approach was used to assist 

ESD in patients with smaller lesions (≤ 2.5 cm), while the 
elastic ring traction was used to assist ESD in patients with 
larger lesions (> 2.5 cm). The elastic ring device traction can 
also be used to assist ESD in smaller lesions, but the ortho-
dontic ring cannot be used for larger lesions. In our institu-
tion, once elastic ring traction was used to assist ESD, the 
use of orthodontic ring traction in ESD was discontinued.

ESD procedure

ESD surgery was performed for all patients by the same 
surgeon, a deputy chief physician who has 6 years of experi-
ence in ESD surgery.

The following devices were used for the surgery: Pentax 
i-5000 main machine, Pentax EG29-i10 endoscope, and a 
Q-Dual knife from Japan Olympus Company; a Micro-Tech 
rotatable soft tissue clip with repetitive open-close func-
tion (Nanjing Minimally Invasive Company, China), an 
elastic ring (patent number: ZL 2020 2 0,016,729.9); and a 
VIO-200S high-frequency electric knife (ERBE Company, 
Germany).

The lesion boundary was identified after staining the 
lesion and subsequently magnifying the endoscopic images. 
Epinephrine and methylene blue saline (1:10,000) were 
injected submucosally at the root of the lesion to lift the 
lesion fully. The mucosa around the lesion was resected. A 
tissue clamp was used to clamp the orthodontic ring or elas-
tic ring, sent into the intestinal cavity via the biopsy channel, 
and fixed on the anal side of the lesion (orthodontic ring 
traction was applied for lesions ≤ 2.5 cm, and elastic ring 
traction was applied for lesions > 2.5 cm). Another tissue 
clamp was applied to clamp and tighten the free end of the 
orthodontic ring or elastic ring. It was fixed on the mucosa 
on the opposite side of the lesion as the patient inhaled, 
and the lesion was pulled up to expose the submucosa. The 
lesion was then completely resected. Then, electrothermal 
hemostatic forceps were used to manage vascular stump 
bleeding. An endoloop or hot hemostatic forceps was used to 
assist in releasing from the orthodontic ring or traction ring 
to completely resect the lesion (Figs. 1 and 2 and Video 1).

Data collection

Demographic data, lesion information (location, diam-
eter, pathological diagnosis, and morphology), operation 
time, dissection time, and proportion of complete resec-
tion by once were collected and compared between the two 
groups. Complications were assessed, including perfora-
tion and delayed bleeding (within 72 h after operation). Six 
months postoperatively, the patients returned to the outpa-
tient department and underwent follow-up colonoscopic 
assessment. The patients were followed up until May 2021 
(Tables 1 and 2).
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Statistical analysis

Data were statistically analyzed using SPSS 20.0 (IBM, 
Armonk, NY, USA). Continuous variables were tested for 
normality. Normally distributed variables were expressed 
as means ± standard deviation, and an independent-sample t 
test was used to compare the two groups. Data with non-nor-
mal distribution were expressed as medians (range), and the 
Mann–Whitney U test was used to compare the two groups. 
The classification variables were expressed as n (%), and 
the two groups were compared by chi-square test or Fisher 
exact test. P < 0.05 was considered statistically significant.

Results

This study included 28 patients ranging from 45 to 72 years 
of age who underwent ESD for lesions in the proximal 
colon. The patients were divided into two groups depend-
ing on the type of traction used: 10 patients were placed in 
the orthodontic ring group and 18 in the elastic ring group.

In the orthodontic ring group, two of the lesions were 
located in the ascending colon, three in the transverse 
colon, two in the hepatic flexure of the colon, and three in 
the cecum. The average lesion diameter was 2.0–2.5 cm. 
The mean operation time was 26.5 ± 7.5 min, and the 
mean dissection time was 21.5 ± 7.5 min. Results of the 
pathological analysis revealed that there were two cases of 
hyperplastic polyps, three villous adenomas, one lipoma, 
and four tubular adenomas.

In the elastic ring group, five cases were located in the 
ascending colon, seven in the transverse colon, three in the 
hepatic flexure of the colon, and three in the cecum. The 
average lesion diameter was 2.5–5.5 cm. The mean opera-
tion time was 27.4 ± 11.8 min, and the mean dissection 
time was 22.4 ± 11.8 min. Pathological results revealed 
nine cases of tubular adenoma, five cases of villous ade-
noma, three cases of traditional serrated adenoma, and one 
case of hyperplastic polyp.

All the lesions were completely resected in a single 
operation, and no wound perforation and delayed bleed-
ing occurred in any of the cases in both groups.

Fig. 1   Laterally developed tumor in the hepatic flexure of the colon 
(1.5 × 1.8 cm). A Visual field under the endoscope; B The orthodon-
tic rings are fixed on one side of the lesion; C Another tissue clip 
is used to fix the orthodontic ring on the opposite mucosa when the 

patient inhaled, exposing the submucosa after traction; D dissection 
process; E wound surface after dissection; F Dissected lesion tissue 
(2.0 × 2.0 cm)
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Discussion

In the present study, we presented a comparative analysis 
of ESD assisted with orthodontic ring traction and elastic 
ring traction. Our results found that the operation and dis-
section times were both slightly shorter in the orthodon-
tic ring group than in the elastic ring group. Furthermore, 
there were no complications among the patients regardless 
of the type of traction used. ESD of patients with proximal 
colon lesions using both the traction devices tested in this 
study (orthodontic ring traction and elastic ring traction) 
resulted in good outcomes. Of note, this study only included 
patients with precancerous lesions, colon cancers limited to 
the mucosa, or colon cancers with a submucosa infiltration 
depth of < 1000 µm.

In the present study, the orthodontic ring traction 
approach was used to assist ESD in patients with smaller 
lesions, while the elastic ring traction was used to assist ESD 
in patients with larger lesions. The elastic ring device trac-
tion can also be used to assist ESD in smaller lesions, but the 

orthodontic ring cannot be used for larger lesions. In Qilu 
Hospital of Shandong University, once elastic ring traction 
was used to assist ESD, the use of orthodontic ring traction 
in ESD was discontinued.

Like traditional surgical treatment, a good surgical field 
of vision is a prerequisite for the safety of endoscopic sur-
gery. In the process of ESD treatment of colonic lesions, 
operators need to have a careful judgment of submucosa. 
Blind cutting will only increase the risk of perforation 
and hemorrhage. In ESD surgery, a transparent cap is rou-
tinely used against the submucosa for peeling [10–12]. For 
improved exposure of the submucosa, it is necessary to mas-
ter skills such as the direction of gravity of the lesion. Fur-
thermore, surgeons need to be cautious due to the relatively 
thin colorectal walls, which increase the risk of perforation 
during ESD surgery. Undoubtedly, it is an ESD site featuring 
relatively high difficulty.

Several traction devices and techniques have been 
developed for use in colorectal ESD. These include S–O 
clips [13], ring-thread counter traction [14], cross-counter 

Fig. 2   A laterally spreading tumor at the transverse colon (3.0 × 3.0 cm). A Visual field under the endoscope; B Tissue clip fixed the elastic ring 
on the side of the diseased mucosa; C Exposed submucosa after traction; D Dissected lesion tissue (3.0 × 3.0 cm)
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technique [15], clip-and-snare [16], and clip flap [17]. How-
ever, due to the heterogeneities of the inclusion eligibility 
of the lesions and traction devices, it is difficult to perform 
a meta-analysis of the data.

Floss traction can more clearly expose the submucosa 
while displaying the submucosal blood vessels. Thus, 
using floss traction with ESD can help avoid complica-
tions such as bleeding and perforation. Floss traction 
technology has obvious advantages in shortening the ESD 
operation time, reducing complications such as bleeding 
and perforation, and improving the en bloc resection rate 
and complete resection rate [18]. ESD surgery is often 
performed with the aid of external floss traction both in 
China and internationally [19–21]. During the operation, 
it is necessary to conduct repeated withdrawal and entry 

of the endoscope. External traction can be conveniently 
applied to esophageal, stomach, and left colon lesions. 
After the repeated entry and withdrawal in the floss trac-
tion technique, an intestinal spasm will occur in lesions 
of the proximal colon, increasing the difficulty of entry, 
prolonging the operation time, and increasing the opera-
tion complications. The internal traction of the orthodontic 
ring can save the step of endoscope entry and withdrawal, 
directly sending the orthodontic ring into the intestinal 
cavity through the endoscopic biopsy hole, better expos-
ing the submucosa through the internal traction, thereby 
ensuring the safety of the ESD surgery and improving the 
stripping efficiency. However, since orthodontic ring trac-
tion cannot continuously maintain traction force with the 
expansion of stripping range in larger lesions, the elastic 
traction ring is more advantageous compared to the ortho-
dontic ring due to its elastic retraction capability, with 
which it can continuously maintain traction force, which is 
beneficial to ESD surgery, particularly for large lesions. In 
addition, the cost of an elastic ring is relatively low (USD 
0.5/ring), which does not increase the economic burden 
on the patients.

This study has several limitations. First, it was performed 
retrospectively. In the future, prospective, randomized stud-
ies are required to obtain further insights into the safety and 
efficacy of these two methods to assist ESD of proximal 
colon lesions. Second, this study was performed at a single 
center. Third, the sample size of this study is very small. 
Future multicenter studies with a larger sample size could 
validate our findings and expand upon them.

In conclusion, our findings suggest that in vivo trac-
tion-assisted ESD can be used for the resection of lesions 
of the proximal colon. This study only included patients 
with precancerous lesions, colon cancers limited to the 
mucosa, or colon cancers with a submucosa infiltration 
depth of < 1000 µm. Therefore, in vivo traction-assisted 
ESD should be used in selected patients.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00464-​022-​09266-y.
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Table 1   Baseline characteristics of the patients

LST-G granular, laterally spreading tumor, LST-NG non-granular, lat-
erally spreading tumor

Orthodontic ring 
group (n = 10)

Elastic 
ring group 
(n = 18)

Age (years) 45–61 55–72
 Gender (male) 6 (60.0%) 8 (44.4%)

Lesion location
 Ascending colon 2 (20.0%) 5 (27.7%)
 Transverse colon 3 (30.0%) 7 (38.9%)
 Hepatic flexure of colon 2 (20.0%) 3 (16.7%)
 Cecum 3 (30.0%) 3 (16.7%)

Pathological diagnosis
 Hyperplastic polyp 2 (20.0%) 1 (5.5%)
 Villous adenoma 3 (30.0%) 5 (27.8%)
 Lipoma 1 (10.0%) 0
 Tubular adenoma 4 (40.0%) 9 (50.0%)
 Conventional serrated adenoma 0 3 (16.7%)
 Lesion diameter (cm) 2.0–2.5 2.5–5.5

Morphology of lesions
 Highlight or LST-G 7 (70.0%) 11 (61.1%)
 LST-NG 3 (30.0%) 7 (38.9%)

Table 2   Clinical outcomes and complications

Orthodontic ring 
group (n = 10)

Elastic 
ring group 
(n = 18)

Operation time (min) 26.5 ± 7.5 27.4 ± 11.8
Dissection time (min) 21.5 ± 7.5 22.4 ± 11.8
One-time complete resection 10 (100%) 18 (100%)
Complications
 Perforation 0 0
 Delayed hemorrhage 0 0
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