
Introduction
Endoscopic submucosal dissection (ESD) is one of the standard
treatments for large upper gastrointestinal superficial neo-
plasms in Japan because of its high en bloc resection (resection
of the entire tumor in 1 piece) rate [1, 2]. There have been some
reports on ESD, a standard therapy for superficial colorectal
neoplasms [3, 4], In addition, ESD has greater long-term benefit

than conventional endoscopic mucosal resection [5, 6]. How-
ever, ESD is time consuming, has technical difficulty, and is
related to a higher incidence of complications, perforation, or
bleeding. In general, the operator can accomplish colonic ESD
using a single device on his or her own in almost all cases. How-
ever, in difficult situations, such as fibrosis or paradoxical
movement of colonoscopy, an operator often uses more knives
as secondary devices to safely perform colonic ESD. We thought
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ABSTRACT

Background and study aims Few studies have directly

compared endo-knives for endoscopic submucosal dissec-

tion (ESD) in humans. We compared the performances of

the Mucosectom2 and SB knife Jr.

Patients and methods Two trainee endoscopists per-

formed ESD of 36 lesions in this prospective, randomized

controlled trial. Mucosal incision with a 1.5-mm Dual knife

and submucosal dissection using the Mucosectom2 were

performed in 1 group.Mucosal incision with a 1.5-mm

Dual knife and submucosal dissection with a SB knife Jr.

were performed in the other group. The primary outcome

was the ESD procedure time. Secondary outcomes were to-

tal procedure time, self-completion rates, and adverse

events.

Results ESD time in Mucosectom2 patients was not signif-

icantly shorter than in SB knife Jr. patients (57±32min vs.

61±44min, respectively; P=0.94). Total procedure time in

Mucosectom2 patients was not significantly shorter than

in SB knife Jr. patients (81±42min vs. 82±51min, respec-

tively; P =0.85). The trainee self-completion rate was slight-

ly higher in SB knife Jr. patients than in Mucosectom2 pa-

tients, although the difference was not significant (94% vs.

100%, respectively; P=0.959). Fewer hemostatic proce-

dures using the Coagrasper were performed in Mucosec-

tom2 patients than in SB knife Jr. patients, although the dif-

ference was not significant (0.62 vs. 0.7, respectively; P=

0.432).

Conclusions Mucosectom2 and SB knife Jr. did not signifi-

cantly differ in performance for colorectal ESD to safely and

reliably enhance ESD. Knife selection is not as important for

learning colorectal ESD as patient- and lesion-related fac-

tors.
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that if an operator used the needle-type knife as the primary
device they might use another type of knife, such as a blade or
scissors type, in technically difficult cases.

The Mucosectom2 knife (Pentax Medical, HOYA Co., Tokyo,
Japan) [7, 8] is designed specifically for submucosal dissection.
It is composed of a non-conducting, rotatable plastic shaft and
a 2.5-mm cutting wire located at the side of the plastic shaft.
The long cutting wire allows rapid dissection, while the non-
conducting plastic shaft avoids inadvertent injury to the muscle
layer. The SB knife Jr. (Sumitomo Bakelite Co., Ltd., Tokyo, Ja-
pan) was developed as a small scissor forceps for colorectal
ESD [9]. This device is a grasping forcep that uses a monopole
and is fitted 0.8mm from the tips of the blades to keep the
depth safe. The knives have superior rotation to allow the tips
to be set in suitable positions [9]. These knives are quite differ-
ent in character from a needle-type knife, such as the Dual
knife, and they may allow us to perform ESD faster and more
easily than with the needle-type knife.

Various devices are currently being developed to facilitate
safe ESD. However, no studies to date have directly compared
these devices for treatment of colonic tumors. Comparative
studies of ESD devices are essential for optimizing colonic ESD,
and they could provide useful information for achieving more
effective ESD in the future. The aim of this study was to com-
pare the performances of different types of knives: the blade
type, represented by the Mucosectom2, and the scissors type,
represented by the SB knife Jr., for dissection and safe colorec-
tal ESD when used by trainee endoscopists.

Patients and methods
Patients

This study was designed as a prospective, randomized con-
trolled trial and was conducted in the endoscopy unit at the
Okayama University Graduate School of Medicine, Japan be-
tween May 2014 and September 2015.All study participants
gave informed consent. The local ethics review committee
granted ethical approval as approval number 2020, and the
study was registered in the University Hospital Medical Net-
work Clinical Trials Registry (UMIN-CTR) as number UMIN
000015762.

The inclusion criteria were: (1) tumor diagnosed with colo-
noscopy before ESD; (2) lesions of 20–50mm in diameter; (3)
colorectal intramucosal or minutes-invaded (SM<1000μm)
cancer; or (4) no lymph node or distant metastasis. Patients
were excluded if they had: (1) non-correctable coagulopathy;
(2) severe organ failure; (3) a comorbidity requiring continuous
antithrombotic medication; or (4) procedure time longer than
180min. Several cases of colorectal ESD required an unexpect-
edly long procedure. In these cases, factors that do not relate to
the differing capabilities of the device, such as strong fibrosis
(tumor factors) and poor operability of colonoscopy (patient
factors), will have a greater effect on the procedure time than
device-specific factors. Therefore, to make the difference be-
tween the devices more noticeable, we considered it necessary
to exclude cases that took considerably longer than a certain
time. The reason for adopting a limit of 180 minutes was that

these cases represented the bottom 10% of colonic ESD cases
in our hospital. Complication increases significantly when the
procedures last longer than 180 minutes, based on experience
in our hospital.

The participants were randomly assigned to treatment
groups following simple randomization procedures. The rando-
mization table was prepared using Excel 2007 (Microsoft Cor-
poration, Redmond, WA, USA). The participants were allocated
according to endoscopist (either Y. S. or D. T.). After stratifica-
tion, participants were randomly assigned to the Mucosectom2
group or the SB knife Jr. group. Endoscopists were blinded to
the sequence until treatments were assigned. However, when
ESD is being performed, it is clearly not feasible to blind the
endoscopist to their treatment allocation.

Assessed for eligibility (n = 62)

Randomized (n = 40)

Allocation

Analysis

Mucosectom2 group SB knife Jr. group

Allocated to 
intervention (n = 20)
▪ Received ESD by 
 endoscopist A (n = 10)
▪ Received ESD by 
 endoscopist B (n = 10)

Allocated to 
intervention (n = 20)
▪ Received ESD by 
 endoscopist A (n = 10)
▪ Received ESD by 
 endoscopist B (n = 10)

Analysed (n = 18)
Excluded from analysis
▪ Withdrew consent 
 (n = 1)
▪ Procedures that were 
 longer than 180 min 
 (n = 1)

Analysed (n = 18)
Excluded from analysis
▪ Procedures that were 
 longer than 180 min 
 (n = 2)

Excluded (n = 22)
▪ Not meeting 
 inclusion criteria 
 (n = 5)
▪ Declined to 
 participate 
 (n = 10)
▪ Other reasons 
 (n = 7)

▶ Fig. 1 Flowchart for patient enrollment.
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General setting of ESD

ESD was performed under intravenous sedation using midazo-
lam colonoscopy with a water jet function and a distal attach-
ment cap (Olympus Co., Tokyo, Japan) for all procedures. Tu-
mor outlines were delineated by chromoendoscopy with indi-
gocarmin or narrow-band imaging. ESD was conducted using a
Dual knife and Mucosectom2 or SB knife Jr. A Coagrasper (FD-
410LR; Olympus Co., Tokyo, Japan) was also used to stop bleed-
ing. A coagrasper was the only tool used to treat bleeding in
this study. A VIO electrosurgical generator (VIO 300D; ERBE,
Tübingen, Q5 Germany) was used for all ESD procedures. The
settings for each knife were as follows: Dual knives used Endo-
cut I mode Effect 1, duration 3, interval 3 for marginal incision.
The Mucosectom2 used Endo-cut I mode Effect 1, duration 3,
interval 3 Swift coagulation Effect 3 40W. The SB knife Jr. used
Endo-cut I mode Effect 1, duration 3, interval 3 Swift coagulati-
on Effect 3 40W. The Coagrasper used soft-coagulation mode
Effect 5 80W for haemostasis.

All procedures were initiated by 1 of 2 endoscopists (Y. S.;
endoscopist A and D. T.; endoscopist B), who had performed
fewer than 20 colonic ESDs and 50–70 gastric ESDs. A senior
endoscopist (K. H.) provided verbal advice only, mainly to avoid
adverse events (AEs) and to ensure that the correct process for

ESD was followed. In our study, we did not include the time
when the trainee interrupted the ESD procedure to receive ver-
bal advice from a senior doctor. All lesions were resected using
a similar process, as follows: In step 1, a circular mucosal inci-
sion was made. In step 2, submucosal dissection of the whole
submucosa was performed. The total procedure time was cal-
culated by adding the time it took to perform steps 1 and 2.
Step 2 represented submucosal dissection time. The times re-
quired for exchanging catheters, controlling bleeding, and
washing coagulum off the needle knife were included. Proce-
dures completed by the trainee endoscopists alone were con-
sidered to be “self-completed.” In certain circumstances, the
procedures were completed by the senior endoscopist and
were considered to be “non-self-completed.” After ESD, histo-
logic assessment of resected specimens was performed.

Endo-Knives

The Mucosectom2 was developed by Kawahara et al. [7, 8] and
is composed of a rotatable, non-conducting plastic shaft and a
2.5-mm cutting wire located at the side of the plastic shaft. The
SB knife Jr. (Sumitomo Bakelite) was developed as a small scis-
sor forceps for colorectal ESD [9].

In the Mucosectom2 group, the mucosal incision was made
using a 1.5-mm Dual knife, and submucosal dissection was per-
formed using a Mucosectom2 knife. In the SB knife Jr. group,

▶ Table 1 Patient characteristics and histological results.

Mucosectom2

group

SB knife Jr.

group

16 20

Gender (n) Male/female 12/4 8/12

Age (years) Mean (range) 72.3 (58–85) 67.5 (49 –87)

Location

▪ Colon 15 13

▪ Rectum 1 7

Estimated tumor size
(mm, range)

29.8 (18–45) 35.2 (18 –55)

Estimated specimen size
(mm, range)

34 (20–50) 39.2 (23 –60)

Tumor type

▪ Protruded or LST-G 10 18

▪ LST-NG 6 2

Histologic diagnoses after ESD

▪ Mucosal cancer 1 6

▪ Submucosal cancer 3 1

▪ adenoma low grade 8 9

▪ adenoma high grade 3 2

▪ SSA/P 1 2

ESD, endoscopic submucosal dissection; LST-G, laterally spreading tumor–
granular; LST-NG, laterally spreading tumor non-granular; SSA/P, sessile
serrated adenoma/polyp

SB knife Jr.Mucosectom2

To
ta

l p
ro

ce
du

re
 ti

m
e 

(m
in

)

P = 0.94

200

150

100

50

0

▶ Fig. 2 Submucosal dissection time in the Mucosectom2 group
was not significantly shorter than that in the SB knife Jr. group
(57±32min vs. 61±44min., respectively; P=0.94).
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the mucosal incision was made using a 1.5-mm Dual knife, and
submucosal dissection was performed using a SB knife Jr.
In both groups, 0.4% hyaluronate sodium solution (MucoUp;
Johnson & Johnson K.K., Tokyo, Japan) was injected into the
submucosa using a 23-gauge endoscopic injection needle (Top
Corporation, Tokyo, Japan) to elevate the lesion.

End points and subgroup analyses

The primary outcome was procedure time required for submu-
cosal dissection. The secondary outcomes were total procedure
time, self-completion rates,
AEs, number of times that hemostatic therapies such as the
Coagrasper were used, en bloc resection rate, and complete re-
section rate. In our study, we defined perforation as follows:
perforation was identified during the procedure visually, and it
was diagnosed by presence of free air on a simple abdominal X-
ray scan.

Statistical analysis

Sample size was calculated based on initial results for colorectal
ESD in our institution. We hypothesised that the mean proce-
dure time for colorectal ESD using the Mucosectom2 knife
would be 60±40min and using the SB knife Jr. it would be 100
±40min. We planned to use a 2-sided test to test for a signifi-
cant between-groups difference, with a significance level of
0.05 and a power of 80%. Seventeen patients were required in

each group to detect a significant difference. Because individ-
uals might drop out of the study, we decided to include 20
cases in each group. The results of the current study, such as
procedure time, were expressed as mean ± standard deviation.
Continuous variables were compared using Student’s t-tests.
Categorical variables were compared using χ2-tests or Fisher’s
exact tests, as appropriate. The significance level was set at P <
0.05. Statistical analysis was performed using the JMP 10.0 soft-
ware package for Windows (SAS Institute, Cary, North Carolina,
USA).

Results
Patient characteristics

Sixty-two patients who underwent colonoscopy before an ESD
by the endoscopist A or B were assessed for eligibility, and of
them, 22 patients were excluded because the lesions did not
meet the inclusion criteria (n =5), the individual declined to
participate (n=10), or other reasons (n=7). Forty patients
with a total of 40 lesions were enrolled in this study between
March 2015 and June 2016.Of them, 20 were assigned to the
Mucosectom2 group and 20 to the SB knife Jr. group. After ran-
domization, 1 patient withdrew consent and 3 patients had
procedures that were longer than 180min. A total of 36 lesions
in 36 patients were therefore analyzed (▶Fig. 1). As we accu-
mulated cases through randomization, there were no differen-
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▶ Fig. 3 Total procedure time in the Mucosectom2 group was not
significantly shorter than that in the SB knife Jr. group (81±42min.
vs. 82±51min, respectively; P =0.85).
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▶ Fig. 4 Prespecified subgroup analyses of total procedure time.
Total procedure time was not significantly different in both groups
by endoscopist A (94±47min. vs. 90 ±51min., respectively; P =
0.73).
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ces in the other baseline patient characteristics or histologic re-
sults after ESD between the 2 study groups (▶Table 1).

Submucosal dissection and total procedure time

There were no differences in submucosal dissection time be-
tween the Mucosectom2 group and the SB knife Jr. group (57
±32min. vs. 61±44min., respectively; 95% CI: −31.50–33.12,
P=0.94; ▶Fig. 2). In addition, there were no differences in total
procedure time between the Mucosectom2 group and the SB
knife Jr. group (81±42min. vs. 82±51min., respectively; 95%
CI: −23.15–30.90, P =0.85; ▶Fig. 3).

For endoscopist A, there were no differences in total proce-
dure time and submucosal dissection time in the Mucosectom2
group and the SB knife Jr. group. (94±47min. vs. 90±51min.,
respectively; 95% CI: −46.92–39.28, P =0.73; 65±35min. vs.
67±44min., respectively; 95% CI: −34.30–37.74, P =1.00).
For endoscopist B, there were no differences in total procedure
time and submucosal dissection time in the Mucosectom2
group and in the SB knife Jr. group. (64±28min. vs. 48±40
min., respectively; 95% CI: −62.60–30.77, P =0.57; 47±27
min. vs. 38±39min., respectively; 95% CI: −54.77–36.63, P =
0.63; ▶Fig. 4–7).

Other secondary endpoints

Results of the other secondary endpoints evaluated in this
study are shown in ▶Table 2. En bloc and complete resection
rates were sufficiently high in both groups (94% in the Muco-
sectom2 group and 95% in the SB knife Jr. group) and were not
significantly different. The self-completion rate was slightly
higher in the SB knife Jr. group compared with that in the
Mucosectom2 group, although the difference was not signifi-
cant (95% vs. 100%, respectively; P=0.959). The main reason
for failure of self-completion was injury to the muscularis pro-
pria. In terms of AEs, 1 perforation occurred in each group,
which was successfully treated by endoscopic clipping. No
postoperative bleeding occurred in either group. Slightly fewer
hemostatic procedures using the Coagrasper were performed
in the Mucosectom2 group than in the SB knife Jr. group, al-
though the difference was not significant (0.62 vs. 0.7, respec-
tively; P=0.432).

Discussion
A variety of knives have been developed to improve the safety
and reduce the procedure time of endoscopic surgery. A sin-
gle-arm study reported the high performances of the Mucosec-
tom2 and the SB knife Jr. with favorable en bloc resection rates
of 95%–100% and perforation rates of 0%–6.9% [7, 8, 9]. We
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▶ Fig. 5 Submucosal dissection time was not significantly differ-
ent in both groups by endoscopist A (65 ±35min. vs. 67±44min.,
respectively; P =1.00).
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▶ Fig. 6 Total procedure time was not significantly different in
both groups by endoscopist B (64±28min. vs. 48±40min.,
respectively; P =0.57).
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think that standardization of the setting for ESD thus requires
performances of knives to be compared. Because there have
been few comparative clinical studies [10], we therefore con-
ducted a randomized, prospective trial to compare perform-
ance of 2 different knives for treatment of colorectal cancer in
a clinical setting.

We selected the Mucosectom2 and the SB knife Jr. from
among the various endo-knives because these knives have sim-

ilar characteristics and are different from needle-type knives.
Both knives are designed specifically for submucosal dissection
and do not have a water-out function. The Mucosectom2 is
composed of a non-conducting plastic shaft and a 2.5-mm cut-
ting wire; the plastic shaft acts as an insulator and keeps an
adequate distance between the muscle layers. On the other
hand, the SB knife Jr. was designed as a small scissor forceps.
As a grasping forceps, it is effective for performing ESD in the
colon. Although both knives are especially ideal for submucosal
dissection, how to use of these knives is completely different in
the technical aspects in colon ESD. Therefore, it is also uncer-
tain which knife is better for the trainee endoscopist to use for
colorectal ESD. In our randomized trial, the results confirmed
that there was no statistical significance advantage of the Mu-
cosectom2 knife over the SB knife Jr. Subgroup analyses were
also performed among prespecified subgroups, and the differ-
ences were consistent, irrespective of lesion size and individual
endoscopists. In fact, we demonstrated that the Mucosectom2
and the SB knife Jr. did not have statistically significantly differ-
ent performances for colorectal ESD. The Mucosectom2 and
the SB knife Jr. had comparable procedure times, with no in-
crease in AEs when used by a trainee endoscopist. However,
these results mean that there was no statistically significant dif-
ference, it does not mean that is clinically significant.

This study was limited by the use of only 2 trainee endos-
copists in a single center. We planned to select 2 endoscopists
with equivalent skill, but unexpectedly, there was a difference
in treatment time. We speculate that the reasons for this in-
clude differences in preparation required for individual cases
and differences in the individual endoscopist’s learning curve.
These endoscopists conducted most of the procedures under
verbal advice by a senior endoscopist during some procedures.
This advice may have affected the outcome of the study, but it
was necessary to ensure that ESD was safely performed. In ad-
dition, a multicenter trial is required to further simplify these
results. Many knives with similar functions are being devel-
oped. It is also necessary to compare all these knives in each or-
gan for a more accurate approach.

From the results of this study, the Mucosectom2 and SB
knife Jr. did not have significantly different performance in
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▶ Fig. 7 Submucosal dissection time was not significantly differ-
ent in both groups by endoscopist B (47±27min. vs. 38 ±39min.,
respectively; P =0.63).

▶ Table 2 Secondary end points.

Mucosectom2 group SB knife group P value

16 20

En bloc resection (%) 15 (94) 19 (95) 0.871

Complete resection (%) 15 (94) 19 (95) 0.871

Self-completion (%) 15 (94) 20 (100) 0.959

Number of hemostatic therapies (time, mean) 0.62 0.7 0.432

Perforation 1 (0.06) 1 (0.05) 0.431

Injury to the muscularis propria 3 (0.19) 6 (0.3) 0.575

Postoperative bleeding 0 (0) 0 (0) –

CI, confidence interval; OR, odds ratio.
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terms of safe and reliable enhancement of colorectal ESD. In a
previous small cohort study at our institution, we thought that
colon ESD using the Mucosectom2 might have been faster than
the same procedure done using the SB knife Jr. However, in the
current study, a few rectal lesions were present in the group in
which the Mucosectom2 was used, and there were many later-
ally spreading tumor non-granular (LST-NG) lesions, which of-
ten had fibrosis under the lesions. In previous studies, clinical
and pathological factors, tumor size, and fibrosis were signifi-
cant risks for perforation during colorectal ESD [11–13].

Conclusions
In the current study, we hypothesised that mean procedure
time for colorectal ESD using the Mucosectom2 knife would be
60±40min and using the SB knife Jr. would be 100±40min
based on previous clinical data from our institution. However,
this hypothesis proved to be a bit erroneous as we found that
the Mucosectom2 could not shorten the time as much as we
had believed was possible. Therefore, in order to determine
whether the Mucosectom2 significantly reduces treatment
time over the SB knife Jr., a multicenter study with a large sam-
ple size is necessary. It is also more important to consider pa-
tient- and lesion-related factors rather than the performance
of the knives.
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