
Abstract. Background/Aim: Colorectal endoscopic
submucosal dissection (ESD) is a difficult technique.
Counter-traction may facilitate the procedure but its efficacy
in non-experts remains unclear. We determined the safety
and efficacy of pocket creation and ring-thread traction
(PRM) for non-expert colorectal ESD. Patients and Methods:
We retrospectively compared patients who underwent
conventional colorectal ESD (C-group, n=50) or PRM
(pocket creation, whole-circumferential cutting, ring-thread
traction, submucosal dissection; PRM-group, n=48). All
procedures were performed by four non-experts, each with
≤40 experiences of colorectal ESD. Results: Procedural time
was significantly shorter in the PRM-group compared with
the C-group (p=0.007), with less additional device usage
(p<0.001). There also tended to be fewer perforation
incidents and muscle injuries in the PRM-group. There were
no significant differences in en bloc or R0 resection rates
between the groups. Conclusion: PRM may be a safe, useful,
and cost-effective technique for non-experts learning to
perform colorectal ESD.

Endoscopic submucosal dissection (ESD) is an established
efficient method for achieving en bloc and curative R0
resection for early gastrointestinal cancerous lesions,
regardless of lesion size, overcoming the limitation of

piecemeal endoscopic mucosal resection (1). ESD has been
accepted as the standard treatment since favourable reports on
short- and long-term outcomes in Japan and other Asian
countries (2, 3). However, colorectal ESD remains challenging
compared with oesophageal and gastric ESD (4). Thinner
colon walls, especially in the proximal colon, the presence of
flexures and folds, and peristaltic movements can all increase
the technical difficulty. Colorectal ESD has thus been poorly
adopted in Western countries, and the European Society of
Gastrointestinal Endoscopy (ESGE) guidelines state that ESD
should only be performed by experts (5). The key to success
is maintaining an adequate visual field of the submucosal layer
and drawing the cutting line for precise dissection during the
procedure (6). One technical complication relates to the lack
of counter-traction, and several traction methods have been
developed to facilitate ESD, including S-O clip (7), traction-
assist using clip and line (8, 9), ring-thread traction (10), and
multiloop traction (11). 

Prior to traction, anchoring a hemoclip on the resected
mucosal edge also remains an issue. Deployment of the
hemoclip may result in fixation of the submucosal or muscle
layer, thus interfering with the subsequent submucosal
dissection. It is therefore necessary to create a mucosal flap
(“submucosal pocket”) to resolve this issue. The pocket-
creation method introduced by Hayashi et al. has several
advantages, including preventing injection leakage and
maintaining a stable scope manoeuvre inside the pocket (12,
13). In this procedure, a submucosal pocket is created,
allowing the endoscope to enter the submucosal space. There
is currently no established strategy for performing safe and
effective colorectal ESD, including making the initial
approach and resecting the submucosa, suitable for use by
non-experts. We therefore developed a novel strategy
involving pocket creation and ring-thread traction (PRM) for
achieving colorectal ESD. This study aimed to evaluate the
safety and efficacy of PRM carried out by non-experts
performing colorectal ESD. 
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Patients and Methods
Study population. All 340 patients who underwent colorectal ESD
for adenoma or carcinoma, based on the Japanese guidelines for ESD
and endoscopic mucosal resection (3) between September 2015 and
April 2018, were reviewed. Data for 98 patients who received
colorectal ESD performed by non-experts were extracted.
Antithrombotic agents were stopped prior to ESD according to the
current guidelines (14). Non-experts were defined as performers with
<40 experiences of colorectal ESD. We performed “conventional
ESD” between September 2015 and March 2016, but introduced a
new “PRM-ESD” to improve the technical aspects between April
2016 and April 2018. The inclusion criteria were patients with
colorectal neoplasms ≥20 mm in size, and procedure performed by
non-experts. The exclusion criteria were superficial colorectal
tumours <20 mm maximum diameter, lesions with suspected severe
submucosal fibrosis, and procedures performed by experts.

Study design. This was a single-centre, retrospective, comparative
study conducted at Kagawa University Hospital. The 98 eligible
patients were divided into a conventional ESD group (C-group,
n=50) and a PRM group (PRM-group, n=48), and the groups were
retrospectively compared. This study involved procedures carried
out by four non-experts, who were supervised by expert
endoscopists capable of taking over the procedure in difficult cases
of colorectal ESD. The study flowchart for the two groups is shown
in Figure 1. The study was approved by the Clinical Ethics
Committee of Kagawa University Hospital (Registration No.: Hesei
30-024) in accordance with the Helsinki Declaration. All patients
provided written informed consent to undergo the procedures and
participate in the study.

Outcome measures. The primary outcome was total procedure time,
defined as the interval from pre-cutting to the completion of
specimen resection. Secondary outcomes were en bloc resection
rate, curative resection rate, resection size, perforation and muscle
injury rate during ESD, and additional device usage. En bloc
resection was defined as the macroscopic removal of the whole
tumour specimen in one piece. Curative resection (R0) was defined

as curative resection with negative margins, and the absence of
lymph nodes and vascular invasion (confirmed by histological
assessment of the resected specimen). Perforation was defined as
the absence of muscle layer during ESD. Muscle injury was also
recorded but was not regarded as a complication.

Setting of colorectal ESD. All patients were treated under sedation
with pentazocine and midazolam or awareness, depending on the
patient’s preference or at the operator’s discretion. ESD was carried
out using a single-channel video endoscope (PCF-Q260AZI or GIF-
Q260J or GIF-H260Z; Olympus, Tokyo, Japan), with CO2
insufflation during the procedure. A transparent cap (ST hood DH-
28GR.29CR, Fujifilm Medical, Tokyo, Japan) was attached to the
tip of the scope. The electrosurgical unit was a VIO 300D (ERBE,
Elektromedizin, Tübingen, Germany), and a DualKnife (1.5 mm,
KD-650L/Q; Olympus, Tokyo, Japan) was used for all ESD
procedures. If using a DualKnife alone was considered unsafe, an
additional device (IT knife-nano; Olympus; or Clutch Cutter;
Fujifilm, Tokyo, Japan) was allowed. A Coagrasper (FD-410LR;
Olympus) was used to control bleeding. The electrical power setting
for the DualKnife was as follows: forced-coagulation mode effect
4, 40 W, for mucosal marking; endo-cut 1 mode effect 2, duration
3, interval 3, for mucosal incision; and swift-coagulation mode
effect 2, 50 W, for submucosal dissection. The setting for the
Coagrasper was soft-coagulation mode effect 4, 50 W.

Conventional endoscopic submucosal dissection technique. Marking
dots were placed circumferentially approximately 5 mm outside the
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Figure 1. Flow chart showing recruitment of patients in this study.

Table I. Baseline characteristics.

Parameters PRM group Conventional p-Value
(n=48) group (n=50)

Age, median (range) 72 (51-85) 70 (45-87) 0.06a
Gender, male (%) 31 (65) 38 (76) 0.27b
Tumor location, n(%) 0.19b

Cecum 13(27) 7 (14)
Ascending 5 (10) 11 (22)
Transverse 12 (25) 6 (12)
Desceding 7 (15) 8 (16)
Sigmoid 5 (10) 3 (6)
Rectum 6 (13) 15 (30)

Tumor site, median 22 (51-85) 23 (45-87) 0.61a
(range, min)

Growth type, n (%) 0.76b
LST-G 22 (46) 18 (36)
LST-NG 23 (48) 28 (56)
Others 3 (6) 4 (8)

Histrogy, n (%) 0.36b
Adenoma 22 (46) 18 (36)
Carcinoma 23 (48) 28 (56)

Cancer Depth, n (%) 0.94b
m 12 (67) 15 (68)
sm1 3 (17) 4 (18)
sm2 3 (17) 3 (14)

LST: Lateral spreading tumor; G: granular type; NG: non-granular type;
sm1: submucosa 1 (sm<1.0 mm); sm2: submucosa 2 (sm≥1.0 mm).
aMann-Whitney U-test; bFisher’s exact test.



lesion using a DualKnife. A 1:1 solution of 0.4% hyaluronate sodium
(MucoUp; Johnson and Johnson K.K., Tokyo, Japan) and glycerol
(Chugai Pharmaceutical Co. Ltd, Tokyo, Japan), mixed with diluted
epinephrine (1:200,000) and indigo carmine, was injected into the
submucosal layer using a 25-G needle (Boston Scientific, Tokyo,
Japan). Mucosal incision and submucosal dissection were initially
performed from the anal side of the lesion, and the mucosa was
incised circumferentially around the lesion. The residual submucosal
layer was then dissected completely from the anal side to the oral
side. Vessels on the post-ESD defect were coagulated carefully.
Finally, the artificial defect was closed with several hemoclips. 

PRM. The PRM procedure is summarized in Figure 2. Following
local injection approximately 1 cm proximal to the tumour, a 1-cm
lateral mucosal incision was made using a DualKnife to create a
submucosal pocket (Figure 3A) of up to one third of the lesion from
the proximal to the distal side (Figure 3B). A circumferential
incision was then made around the whole lesion (Figure 3C). For
traction, we prepared a 2-cm-diameter ring-thread (3-0 surgical
nylon) connected to a side hole on the hemoclip (ZEOCLIP ZP-CH;
ZEMEX, Tokyo, Japan), and inserted the hemoclip with the ring-
thread towards the target lesion through the scope channel. The
hemoclip was then anchored onto the mucosal flap of the
submucosal pocket and fixed on the contralateral mucosa with
another hemoclip (EZ Clip HX-202LR; Olympus) while aspirating
intraluminal air (Figure 3D). It was possible to adjust the strength
of traction with the ring-thread in proportion to the amount of CO2
insufflation. If necessary, the axis of traction could be changed by
anchoring another clip on a suitable site and adding another ring-
thread in the same manner. After submucosal injection, the traction
enabled the submucosa to be dissected safely and easily under direct

vision from the proximal to the distal side of the tumour (Figure
3E). Finally, the ring-thread was cut with a loop cutter (FS-5L-1;
Olympus) after completion of ESD.

Statistical analysis. Continuous variables were presented as
mean±standard deviation. Differences in categorical variables
between two groups were examined by Fisher’s exact test when
required and continuous variables were compared using Welch’s t-
test. p<0.05 was considered statistically significant. All statistical
analyses were conducted using JMP 11.2.0 (SAS Institute Inc., Cary,
NC, USA).
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Figure 2. The schema of the pocket creation and ring-thread traction (PRM) procedure.

Table II. Study outcomes.

Parameters PRM group Conventional p-Value
(n=48) group (n=50)

Total procedure times, 58.9±25.7 75.9±35.3 0.007a
Mean±SD

En-block resection, n (%) 48 (100) 50 (100) 1a
Curative resection, n (%) 46 (96) 46 (92) 1a
Resection size (mm), 34 (19-55) 32 (19-55) 0.57a
Mean (range)

Perforation rate, n (%) 1 (2) 5 (10) 0.205b
Muscle burning rate, n (%) 0 (0) 4 (8) 0.118b
Using aditional device 4 (8) 20 (40) 0.00015b
rate, n (%)

aMann-Whitney U-test;  bFisher's exact test.



Results

The baseline characteristics of the two groups are shown in
Table I. There were no significant differences between the
two groups. The outcomes of the two groups are summarized
in Table II. Patients in the PRM-group had significantly
shorter total procedure times compared with the C-group
(75.9 vs. 58.9 min, respectively; p=0.007). Additionally, the
PRM-group required significantly fewer additional devices
(8% vs. 40%, p<0.001). However, there were no significant
differences in en bloc or curative resection rates between the
groups. Patients in the PRM-group tended to have fewer
perforation incidents (2% vs. 10%) and fewer muscle injuries
(0% vs. 8%) compared with the C-group. One patient in the
PRM group had a caecal perforation because of
unpredictable severe submucosal fibrosis induced by local
injection at a referred hospital. Immediate perforations
occurred in five cases in the C-group. The perforation sites
were completely closed by hemoclips and all cases were
managed conservatively.

Discussion

The present study indicated that PRM shortened the procedure
time and decreased additional device usage compared with
conventional ESD in the case of procedures performed by
non-experts. PRM may thus be an acceptable strategy for
achieving complete colorectal ESD by non-experts. 

ESD generally requires advanced skills to dissect the
appropriate submucosal layer and promptly manage
intraoperative bleeding (15). Among these issues, identifying
the dissected plane during ESD is particularly difficult for
non-experts (16, 17). Previous studies on clip-traction
methods have examined the clinical impact of the
endoscopist’s expertise level (expert vs. non-expert) on
colorectal ESD (9, 11). Overall, they showed that traction
significantly improved the procedure time for both experts
and non-experts compared with non-traction groups. These
results support the results of the current study. 

Several traction methods have been reported to facilitate
ESD to date. The clip-flap method increases the accessibility
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Figure 3. The pictures of the pocket creation and ring-thread traction (PRM) procedure. A) A 1-cm lateral mucosal incision was made using a
DualKnife at approximately 1 cm proximal to the tumour. B) A submucosal pocket was created in up to one third of the lesion from the proximal to
the distal side. C) A circumferential incision was then made around the whole lesion. D) The hemoclip was then anchored onto the mucosal flap of
the submucosal pocket and fixed on the contralateral mucosa with another hemoclip while aspirating intraluminal air. E) The traction enabled the
submucosa to be dissected safely and easily under direct vision from the proximal to the distal side of the tumour.



of the submucosal layer and makes submucosal tunnelling
easier, although the traction force is often inadequate (18).
Traction-assist using clip and line (9), ring-thread (10),
multiloop (11), and S-O clip (19) are simple and effective
methods without reinsertion of the colonoscope; however,
these techniques do not include anchoring the hemoclip on
the mucosal flap. We introduced PRM to overcome these
issues, by combining pocket creation and traction. 

PRM has several advantages. 1) Traction maintains better
visualization of the submucosal layer and vessels, allowing
precise dissection of the correct layer and thus, preventing
intraoperative bleeding and perforation. In the current study,
the PRM-group tended to show fewer perforation incidents
(2% vs. 10%, respectively) and fewer muscle injuries (0%
vs. 8%, respectively) compared with the C-group. 2)
Creating a submucosal pocket helps to prevent
misplacement of the traction clip into the muscle and
submucosal layer. 3) PRM provides additional traction force
by hooking the ring-thread with another clip towards the
more-distal side repeatedly, as well as having the option for
additional traction clips and allowing control of the traction
force by managing CO2 insufflation. 4) PRM allows ESD to
be completed regardless of the lesion location, even by non-
experts, without the need to consider the effects of gravity.
5) Finally, the cost of traction and additional knives is
relatively low. 

This study had several limitations. First, it was a single-
centre, retrospective study. Second, lesions suspicious for
severe submucosal fibrosis were excluded because of the
high potential for perforation, and were therefore resected by
experts. Third, the two groups were not compared over the
same period, because conventional ESD was later replaced
by PRM-ESD for all cases. A randomized controlled trial is
therefore needed to address these limitations.

In conclusion, the current study indicates that PRM may
be a safe, useful, and cost-effective technique for non-experts
performing colorectal ESD.
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