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Evaluation of a new method, “non-injection resection using bipolar

soft coagulation mode (NIRBS)”, for colonic adenomatous lesions

o Number of included lesions: 746
- Adenoma: 480

- Intraepithelial adenocarcinoma: 37

e Mean size: 4.5 mm (1-35 mm)
o Adverse events
- Intraprocedural bleeding: 0.1%
- Delayed bleeding: 0.3%
- Perforation: 0%

NIRBS allowed the resection of multiple lesions with simplicity because of the non-injection and without perforating due to
the minimal burn effect of the bipolar snare set in the soft coagulation mode.
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Background/Aims: Endoscopic resection of all colorectal adenomatous lesions with a low complication rate, simplicity, and negative

residuals is challenging. Hence, we developed a new method called “non-injection resection using bipolar soft coagulation mode
(NIRBS)” method, adapted for colorectal lesions. In addition, we evaluated the effectiveness of this method.
Methods: We performed NIRBS throughout a 12-month period for all colorectal lesions which snare resection was acceptable without

cancerous lesions infiltrating deeper than the submucosal layer.

Results: A total of 746 resected lesions were included in the study, with a 4.5 mm mean size (range, 1-35 mm). The major pathological
breakdowns were as follows: 64.3% (480/746) were adenomas, and 5.0% (37/746) were intraepithelial adenocarcinomas (Tis lesions). No
residuals were observed in any of the 37 Tis lesions (mean size, 15.3 mm). Adverse events included bleeding (0.4%) but no perforation.

Conclusions: NIRBS allowed the resection of multiple lesions with simplicity because of the non-injection and without perforating due

to the minimal burn effect of the bipolar snare set in the soft coagulation mode. Therefore, NIRBS can be used to resect adenomatous

lesions easily, including Tis lesions, from small to large lesions without leaving residuals.

Keywords: Bipolar snare; Colorectal lesion; Endoscopic mucosal resection; Non-injection; Soft coagulation mode

INTRODUCTION

Endoscopic resection of colorectal adenomatous lesions reduc-
es morbidity and mortality rates in colorectal cancer patients.'”
Therefore, resection of all adenomatous lesions is recommend-
ed, regardless of their size. Various resection methods use a
snare, including endoscopic mucosal resection (EMR), hot
snare polypectomy (HSP), and cold snare polypectomy (CSP).
HSP, which is commonly used, has an inevitable delayed bleed-
ing due to the burn effect of thermal coagulation, causing ulcers
to gradually spread after the procedure and damaging the ves-
sels in the submucosal layer.”"” CSP, which uses a snare without
thermal coagulation, has become more widespread owing to its
high level of safety, usefulness, and short procedure time.”'""
However, one disadvantage of CSP is that the muscularis mu-
cosae cannot always be cut because there is no burn effect,
resulting in a high rate of incomplete resections (~8%)."”"* Al-
ternatively, conventional EMR has the advantage of complete
resection, even for outsized lesions of approximately 2 cm in di-
ameter and cancerous lesions. Nevertheless, conventional EMR
procedures have a high rate of delayed bleeding (7%-12%)."”"
Although flat or semipedunculated lesions <10 mm in di-
ameter are considered candidates for CSPs'***”’; careless CSPs
may result in cancer recurrence, as 0.5% of 1 to 5 mm and 3.3%
of 6 to 9 mm adenomatous lesions are cancerous.” Therefore,
it is necessary to distinguish cancerous from noncancerous le-
sions via magnification endoscopy to prevent cancer residuals,
although this judgment is difficult for unskilled endoscopists.
While conventional EMR can be performed on all lesions to
prevent such residuals, it is difficult to resect all adenomatous

lesions using this method because of the high frequency of de-
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layed bleeding and the complexity of the procedure. Therefore,
it is important to establish a new resection method that has the
benefits of both conventional EMR and CSP. Consequently,
we developed a new method in which the lesion was grasped,
including the surrounding normal mucosa without injection
into the submucosal layer, sufficiently squeezed, and resected
with short-time energization by the bipolar snare set in the soft
coagulation mode, which has a minimal burn effect. Hence, the
technique was named “non-injection resection using bipolar soft
coagulation mode” (NIRBS) and is adapted for colorectal lesions.
Therefore, we evaluated the effectiveness of this method.

METHODS

Patients

Colorectal lesions detected via colonoscopy during a 12-month
period from January to December 2016 at an institution (Daito
Central Hospital, Osaka, Japan) were targeted, regardless of
patient age and sex. The procedure was performed using a tem-
porary suspension of antithrombotic drugs.

Target lesions

All colorectal lesions, excluding cancerous lesions infiltrating
deeper than the submucosal layer and those in which the at-
tachment portion between the lesion and the normal mucosa
was more than 20 mm, were targeted. Therefore, the absolute
values of the lesion’s size and shape were irrelevant.

Definition and procedure
NIRBS was defined as meetings the conditions (1) to (5). (1)
The XEMEX Bipolar Snare S (width, 26 mm; length, 62 mm;



Zeon Medical Inc., Tokyo, Japan) was used. (2) As the elec-
trosurgery generator unit, VIO 300D (ERBE Elektromedizin
GmbH Co., Ltd.) was used. The energization mode was set to
soft coagulation mode at 30 W, and effect 5. If VIO 3 from the
above company was used as the electrosurgery generator unit,
the energization mode was set as the soft coagulation mode and
effect 3. (3) The injection into the submucosal layer was not
performed. (4) The lesion was grasped extensively, including
the surrounding normal mucosa, and sufficiently squeezed by
the snare. (5) Each lesion was resected according to its respec-
tive energization within 2 s in <5 mm, within 5 s in 6 to 10 mm,
and within 10 s in >10 mm, while continuing to squeeze. Le-
sions >5 mm must be squeezed using a special technique (Sup-
plementary Video 1) before energization, and this technique
must be continued from energization to resection.

Figure 1 and Supplementary Video 2 illustrate the NIRBS
procedure. All procedures were performed by an experienced
endoscopist (>10,000 colonoscopy cases, >1,000 colorectal
EMR, and >200 colorectal endoscopic submucosal dissections).

Tokuhara et al. NIRBS for colonic adenomatous lesions

The procedure was performed using one of three endoscopes
(CF-Q240AI, CF-Q260AI, and CF-HQ290L; Olympus Medi-
cal Systems Co., Ltd.). After resection, if the operator noticed
that the subject had an extensive mucosal resection or that the
resected portion was at risk of delayed bleeding, prophylactic
hemostasis was performed using a long clip (Olympus Medical
Systems Co., Ltd.) or a disposable ligation device (DLD) (HX-
400U-30; Olympus Medical Systems Co. Ltd.).

Terminology: operation definitions
“Negative” residuals or recurrences—if the resected lesion was
pathologically cut-end negative or if the residual lesion was not
detected via colonoscopy after six months of the resection until
present, even when the cut-end was unknown. “Unknown” re-
siduals or recurrences—if the resected lesion was pathologically
cut-end unknown and no colonoscopy was performed within
six months of the resection until present.

“Prophylactic hemostasis”—clip-suturing or DLD-ligation
before or after the resection.

Fig. 1. Non-injection resection using bipolar soft coagulation mode procedure 1. (A) Cecum, 20 mm, sessile type (Is). (B, C) The lesion is
grasped by the snare, including the surrounding normal mucosa, while sucking air. (D) Grasped. (E) Squeezed and energized. (F) Resected.
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1) Adverse events

This study only evaluated major adverse events such as bleed-
ing during the procedure, delayed bleeding, and perforation. It
did not evaluate minor symptoms, such as abdominal bloating,
mild abdominal pain, nausea, dizziness, or a mild SpO, decline
due to sedation.

“Bleeding during the procedure”—profuse bleeding that oc-
curred from the resected portion immediately after resection.
“Delayed bleeding”: a large amount of fresh bleeding or bloody
stools that followed several hours after resection.

Statistical analysis

The relationship between lesion shape and pathology and be-
tween size and pathology was assessed using Spearman’s rank
correlation test. SPSS Statistics Desktop for Japan, ver. 26 (IBM
Japan, Ltd.), was used for the statistical analyses. The results
were considered statistically significant when the p-values were
<0.05.

Ethical statements

This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Review Board
and Ethics Committee of Kansai Medical University (Osaka, Ja-
pan) and Daito Central Hospital (approval number: 2021379).
In addition, this study was registered with the University Hos-
pital Medical Information Network Clinical Trials Registry
(number: UMIN000047558).

RESULTS

Table 1 presents the characteristics of the 746 lesions that were
resected from 375 patients. The breakdown of lesion types was
as follows: tubular adenoma with mild atypia, 30.7% (229/746);
tubular adenoma with moderate atypia, 26.0% (194/746); tu-
bular adenoma with severe atypia, 7.2% (54/746); serrated ad-
enoma with mild atypia, 0.1% (1/746); serrated adenoma with
moderate atypia, 0.3% (2/746); intraepithelial adenocarcinoma
(Tis lesion), 5.0% (37/746 [well differentiated tubular adenocar-
cinoma in adenoma 36 lesions and moderately differentiated
tubular adenocarcinoma in adenoma one lesion]); hyperplastic
polyp, 21.4% (160/746); inflammatory polyp, 2.7% (20/746);
pathological normal mucosa, 1.9% (14/746); leiomyoma, 0.3%
(2/746); mucosal prolapse syndrome, 0.1% (1/746); and the
lesion unable to be pathologically evaluated (undefined lesion),
4.3% (32/746).
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Table 1. The lesions’ characteristics (746 lesions of 375 patients)

Characteristic Value
Age (yr) 68.7+10.7
Sex, male 477 (63.9)
Lesions’ location
Rectum 61(8.2)
Left side colon 283 (37.9)
Transverse colon 176 (23.6)
Right side colon 223 (29.9)
Unknown 3(0.4)
Pathological diagnosis
Adenomatous lesion 517 (69.3)
Tubular adenoma with mild atypia 229 (30.7)
Tubular adenoma with moderate atypia 194 (26.0)
Tubular adenoma with severe atypia 54(7.2)
Serrated adenoma with mild atypia 1(0.1)
Serrated adenoma with moderate atypia 2(0.3)
Intraepithelial adenocarcinoma (Tis lesion)” 37 (5.0)
BNAL 197 (26.4)
Hyperplastic polyp 160 (21.4)
Inflammatory polyp 20 (2.7)
Pathological normal mucosa 14 (1.9)
Leiomyoma 2(0.3)
Mucosal prolapse syndrome 1(0.1)
Undefined lesion 32 (4.3)

Values are presented as meanztstandard deviation or number (%).

BNAL, benign and not adenomatous lesion; Undefined lesion, the lesion
unable to be pathologically evaluated.

a)Intraepithelial adenocarcinoma (Tis lesion), well differentiated tubular
adenocarcinoma in adenoma 36 lesions and moderately differentiated tu-
bular adenocarcinoma in adenoma one lesion.

An overview of NIRBSs is presented in Table 2, where the
overall meantstandard deviation (SD) size of the resected le-
sions was 4.5+3.6 mm. There were no residuals or recurrences
in any of the 37 Tis lesions (mean size, 15.3 mm). In sessile-type
(Is) lesions (n=539), the mean+SD size was 3.6+1.5 mm, and
the rate of Tis lesions was 1.9% (10/539). In semipedunculat-
ed-type (Isp) lesions (n=47), the mean+SD size was 9.9£5.7
mm, and the rate of Tis lesions was 34.0% (16/47). In peduncu-
lated-type (Ip) lesions (n=16), the mean+SD size was 18.3+9.5
mm, and the rate of Tis lesions was 62.5% (10/16). There was
a significant positive relationship between the proportion of
cancer lesions and stalk length (p<0.001; 1.9% in Is, 34.0% in
Isp, and 62.5% in Ip lesions). In lesions <5 mm in size (n=627),
the mean+SD size was 3.4+0.8 mm, and the rate of Tis lesions
was 0.3% (2/627). In lesions sized 6 to 10 mm (n=86), the
mean+SD size was 7.5+1.5 mm, and the rate of Tis lesions was
15.1% (13/86). In lesions >10 mm in size (n=33), the mean+SD
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size was 17.7+6.8 mm, and the rate of Tis lesions was 66.7%
(22/33). There was a significant positive relationship between
the proportion of cancer lesions and lesion size (p<0.001; 0.3%
in <5-mm, 15.1% in 6-10-mm, and 66.7% in >10-mm lesions).
For prophylactic hemostasis, 0.5 clips and 0.03 DLDs per lesion
were used.

Table 3 presents the adverse events identified in this study.
The rate of adverse events was 0.4% (3/746), of which 0.1%
(1/746) experienced bleeding during the procedure and 0.3%
(2/746) experienced delayed bleeding.

DISCUSSION

Bipolar instruments used in NIRBS generally cause less tissue
damage than monopolar instruments used in traditional HSP
and EMR.”* Shinmura et al.” reported a comparative study of
the safety of endoscopic resection between monopolar and bi-
polar snares for 24 target lesions in the porcine rectum. This re-
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port showed that two perforations were found on the histology
report after resection of target lesions using a monopolar snare.
However, no perforation occurred during endoscopic resection
when using a bipolar snare, and thermal denaturation during
the resection procedure did not reach the muscularis propria
layer, regardless of the size of the target lesion. Thus, fewer ad-
verse events may occur with endoscopic resection procedures
using the bipolar snare. However, Saraya et al.” found that the
bleeding and perforation rates during colonic lesion resection
using the bipolar snare set in the forced coagulation mode were
not significantly different from those with the monopolar snare.
Notably, the crucial difference between the methods of previous
reports using bipolar snare and NIRBS is that the latter is set
in the soft coagulation mode, thus causing less tissue damage
than the forced coagulation mode (Fig. 2). Owing to the bipolar
snare set in the soft coagulation mode, NIRBS can achieve a
complete “EMR” without submucosal injection, not “polypecto-
my’, such as CSP or HSP. Carbonization and burning are min-
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Fig. 2. Comparison between non-injection resection using bipolar soft coagulation mode (NIRBS) and the conventional bipolar forced co-
agulation mode. (A) NIRBS. (B) Conventional bipolar forced coagulation mode (forced, 15 Wj effect 2). The thermographs of A and B were
taken during energization by attaching the snare to the surface of the saline. The graphs (A) and (B) show the relationship between the electric
power and voltage (the red number is the electric voltage in the mode). A comparison of the two thermographs shows that the NIRBS mode
has less heat spread to the surface of saline than the conventional bipolar forced coagulation mode. A comparison of the two graphs shows
that the electric voltage in the NIRBS mode is approximately 1/4 that in the conventional bipolar forced coagulation mode.
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imal in soft coagulation mode because the voltage is controlled
and does not generate electrical sparks.””* Accordingly, NIRBS
may also allow large lesions to be resected without submucosal
injection and perforation, with less damage to the tissue and
muscle layers. Moreover, using NIRBS, the vascular damage in
the submucosal layer is reduced as the heat spread is small due
to the minimal burn effect; as a result, delayed bleeding may be
reduced compared with conventional EMR with the application
of a monopolar snare. The reason no residuals in Tis lesions
were observed in NIRBS is attributed to the minimal burn ef-
fect. The bipolar snare, which is flexible, can slide into the loos-
est submucosal layer existing between the mucosal and muscle
layers, although the mucosa is widely grasped and squeezed in
some cases. The tissue layers were then consistently separated.
The bipolar snare could resect the tissue completely with a
minimal burn effect, which would be residual if only the CSP
method was used. Another advantage of the non-injection and
minimal burn effect is that the resected portion can be easily
sutured with the clip owing to the absence of mucosal swelling

Tokuhara et al. NIRBS for colonic adenomatous lesions

and minimal tissue solidification (Fig. 3).

To resect all colorectal adenomatous lesions, it may be nec-
essary to satisfy the following conditions: (1) quick and easy to
perform, (2) few complications, and (3) no residuals for large
lesions. In the conventional EMR method, the lesion is widely
resected using a monopolar snare following submucosal injec-
tion.” In some cases, the resected portion is closed by clipping
after the resection.” Conventional EMR is unsuitable for multi-
ple resections because peristaltic movement of the colon makes
scope fixation and effective submucosal injection difficult.” An
increased procedure time is often associated with increased pa-
tient pain and the operator’s fatigue.” Alternatively, CSP is rec-
ognized as an easier technique with fewer complications.”'""
However, CSP should not be performed for lesions >10 mm
in size that are suspected to be cancerous.**** Therefore, CSP
and conventional EMR are unsuitable for resecting all adeno-
matous colorectal lesions. Conversely, NIRBS may satisfy the
above (1)-(3) conditions because the present study showed that
NIRBS was resectable from small to large lesions of 1 to 35 mm,

Fig. 3. Non-injection resection using bipolar soft coagulation mode procedure 2. (A) Sigmoid colon, 20 mm, semipedunculated type (Isp).
(B, C) Snaring. (D) Grasped and squeezed. (E) Resected portion. (F) The resected portion was completely sutured with the clip because there
were no mucosal swelling and minimal tissue solidification.
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including Tis lesions, without residuals; moreover, it has a low
complication rate (0.4%) and is easy to perform.

According to our findings, the proportion of cancer lesions
increased exponentially as the lesion size and stalk length in-
creased. Considering these, NIRBS may be preferred even if the
lesion size is <5 mm because of the inability to exclude cancer
for <5 mm lesions by less-experienced endoscopists.

We observed adverse events of NIRBS in three cases (0.4%),
including one case with bleeding during the procedure and
two cases with delayed bleeding, yet no perforation occurred.
The first adverse event (spurting bleeding after resection) was
reported in a patient with a large Ip lesion (35 mm). Although
successful clipping hemostasis was immediately performed in
this case, resections for a large Ip lesion should be carefully per-
formed because thick arteries run in the stalk of the Ip lesions.
When arterial spurting bleeding occurs, hemostasis becomes
difficult. Generally, in cases with large Ip lesions, it is necessary
to perform DLD-ligation before resection because visibility is
poor suddenly and hemostasis is difficult when arterial spurting
bleeding occurs. However, it is often difficult to pass through
the largest part of the lesion and squeeze it to the stalk before
resection because DLDs are very soft. Therefore, for complicat-
ed DLD-ligation before resection of Ip lesions, the stalk should
be ligated by the bipolar snare, squeezed to the extent that it
cannot be torn off without energization, and then energized
and resected after confirmation of the ischemic lesion condi-
tion. This procedure prevented gushing bleeding immediately
after the resection. Subsequently, the resected portion was im-
mediately sutured or ligated using a clip or DLD. Notably, per-
foration was not observed in this study. NIRBS can hardly cause
perforation. However, there is a possibility of perforation if the
muscle layer is affected by snaring. Therefore, when the mucosa
is extensively grasped, the area must be squeezed using a specif-
ic technique (Supplementary Video 1) to prevent involvement
of the muscle layer.

Our study demonstrated that the NIRBS method is simple,
has few complications, and has no residuals for Tis lesions. We
found that numerous different lesions, including small and
large lesions, can be easily resected using NIRBS. Therefore, the
application of NIRBS may reduce the incidence of colorectal
cancer and its associated mortality. The limitations of this study
are its retrospective style and single facility-based nature, and
it is unclear whether the bleeding rate is really low for large
lesions because large lesions >10 mm were only observed in
33 cases. Additionally, the procedure time was not correctly
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measured in this study; therefore, it is unclear whether it was
actually shorter than that of conventional EMR. Furthermore,
it is unclear whether the same results could be reproduced, as
one expert performed all procedures. If this novel treatment
(NIRBS) is standardized and evaluated in a multicenter pro-
spective randomized controlled trial, the outcome efficacy in
patients with colorectal adenomatous lesions will be improved.

Supplementary Material

Supplementary Video 1. In the case of lesions >5 mm, a specific
technique is used. To avoid involvement of the muscle layer, the
snare is quickly squeezed and loosened, and then resected in a
short time (https://doi.org/10.5946/ce.2022.200.v1).

Supplementary Video 2. Basic NIRBS procedure (ascending co-
lon, 16 mm; sessile type). No injection into the submucosal layer
was performed. Instead, the lesion is grasped extensively, includ-
ing the surrounding normal mucosa, and is sufficiently squeezed
and then resected by energization within 2 s at <5 mm, within
5 seconds at 6-10 mm, and within 10 seconds at > 10 mm while
continuing to squeeze (https://doi.org/10.5946/ce.2022.200.v2).

Supplementary materials related to this article can be found on-
line at https://doi.org/10.5946/ce.2022.200.
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