
INTRODUCTION

The recent development of a high-resolution video-
colonoscope has facilitated the identification of large 
superficially spreading neoplastic lesions, so-called lat-
erally spreading tumor （LST）1,2）. Conventional/piece-
meal endoscopic mucosal resection （EMR） has been 
accepted as a standard treatment for these lesions3,4）. 
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SUMMARY
Objective：To completely and safely remove a large colorectal lesion in a single fragment, we have devel-

oped an endoscopic electrosurgical knife （B-Knife） for a more effective bipolar cutting and coagulation sys-
tem. The aim of this study was to evaluate the effectiveness and safety of the B-Knife in patients with large 
colorectal tumors. 
Methods：Endoscopic submucosal dissection （ESD） using the B-Knife was performed initially in 3 pa-

tients with large colorectal tumors in a pilot study. Subsequently, we examined the clinical outcomes of ESD 
using the B-Knife in 25 patients with colorectal tumors.
Results：During initial clinical use of the B-Knife, en bloc resection was achieved in all 3 cases, and the 

mean operating time was 43 minutes. All margins of resected material were histologically free of neoplasia. 
There were no cases of delayed bleeding or perforation. In a series of 25 ESD cases, which consisted of 8 
adenomas, 15 intramucosal carcinomas, one slightly submucosal invasive carcinoma, and one massive sub-
mucosal invasive carcinoma, the en bloc resection rate was 84％ . The mean operation time was 91.6 min-
utes and the mean size of resected specimens was 36.4 mm （range：19-80 mm）. Perforations occurred in 
one （4％） case, but delayed bleeding did not occur in any of the cases. Additional surgery was required for 
2 cases （8％）.
Conclusions：ESD using the B-Knife is reliable and safe for the complete resection of select large flat le-

sions in the colorectum.
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a special resinoid coating which enables the current of 
electricity per unit area, so-called electric current den-
sity. In addition, with a design in which high-frequen-
cy electricity flows from the knife to the sheath tip, 
the amount of high-frequency current sent from the 
knife tip to the muscle layer is reduced. Local submu-
cosal injection of sodium hyaluronate and/or glycerin, 
which contained small amounts of indigo carmine and 
epinephrine, was administered to the patients during 
the procedure. The electronic instrument was set at 30 
W, forced coagulation mode, as previously reported30）.

ESD was indicated for large colorectal tumors （＞
20 mm） that were expected to present difficulties in 
an en bloc resection using the conventional EMR tech-
nique. However, an endoscopic finding of submucosal 
massive invasion was considered a contraindication for 
ESD because of the high risk of lymph node metasta-
sis.

However, complete removal of these lesions by con-
ventional snare polypectomy is difficult because of 
their larger size and flat morphology. Incomplete re-
moval and local recurrence are frequently observed af-
ter piecemeal EMR5,6）. Furthermore, electrocautery 
snare resection stimulates cellular proliferation in the 
residual colorectal tumor7）, and 17％ of locally recur-
rent tumors after piecemeal polypectomy are cancer-
ous, although the excised specimens are diagnosed as 
benign adenomas6）. Moreover, reconstruction of multi-
ple resected specimens is sometimes impossible, thus 
eliminating the possibility of accurate histopathological 
assessment8）. These findings suggest that en bloc re-
section is required for complete resection. Thus, the 
use of endoscopic submucosal dissection （ESD） in the 
colon has been recommended for the treatment of 
LSTs9〜13）. However, the technique is difficult and risk 
of complications, such as bleeding and perforation, is 
high in the initial studies11,12）. Recently, colorectal ESD 
has gradually been carried out in some institutions 
with favorable results by the development of advanced 
equipment14〜26）. According to the latest reports, en 
bloc resection and perforation rates are currently 82.8
％ （range, 61-98.2％） and 4.7％ （range, 1.4-8.2％）, re-
spectively27）.

To completely and safely remove a large lesion in a 
single fragment, we have developed an endoscopic 
electrosurgical knife （B-Knife） for a more efficient bi-
polar cutting and coagulation system. Our preliminary 
results from a bench study using a swine stomach 
showed that tissue traumatization was much less with 
the B-Knife than with a needle knife and monopolar 
current28,29）. The aim of this study was to evaluate the 
effectiveness and safety of the B-Knife in patients with 
large colorectal tumors.

MATERIAL AND METHODS

ESD using B-Knife
To minimize deeper tissue damage due to the （elec-

trical） coagulating and cutting current, an endoscopic 
device with a needle-shaped knife was developed （B-
KnifeTM, Zeon Medical Inc, Tokyo, Japan） （Fig. 1）28）. 
The B-Knife, a bipolar coagulation and cutting system, 
has a diffusion electrode attached to the tip of its 
sheath and an active electrode attached to the knife at 
the end of the sheath. The knife of this device also has 
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Fig. 1　 Design showing the route of high frequency current 
at the tip of the B-Knife.

A. Collection electrode of the outer sheath.
B. Insulation tube.
C. Discharge electrode of the inner needle core.
D. High-frequency current for cutting or coagulation.
Fig. 1：Courtesy of Sano Y （Reproduction of figure that 
have been published, Sano Y, et al. Endoscopy 38, 200628））.
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Hospital in Hyogo, Japan from September 2006 to Oc-
tober 2008. In this study, we examined the operation 
time, and en bloc resection, perforation, delayed bleed-
ing, and additional surgery rates. 

Clinicopathological data were retrieved from charts 
and endoscopic and pathology reports. Endoscopic tu-
mor morphology was classified in accordance with the 
Paris endoscopic classification2）. LSTs were catego-

Patients
In the pilot study, ESD using the B-Knife was per-

formed in 3 patients at the National Cancer Center 
Hospital East, Chiba, Japan. The mean procedure dura-
tion and occurrence of complications were evaluated in 
these initial 3 patients.

After the pilot study, ESD using the B-Knife was 
performed in 25 patients with colorectal tumor at Sano 
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Fig. 2　Endoscopic findings of ESD technique using the B-Knife in case 1.
A. A rectal lesion after spraying with indigo carmine dye.
B. Cutting the mucosa around the lesion using the B-Knife after injection into the 
submucosal layer of glycerin mixed with indigo carmine dye.
C. The submucosa is dissected immediately after mucosal incision.
D. The opposite side of the marginal incision and submucosal dissection （ESD） is 
performed with the B-knife.
E. En bloc resection is achieved without complications.
F. The complete resected specimen as a single fragment.
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28 mm lesion of LST-NG type in the sigmoid colon.

Clinical outcomes of initial three cases
En bloc resection was achieved in all 3 cases （Fig. 2）. 

The mean operating time was 43 minutes, and the in-
dividual operating times were 35, 50, and 45 minutes, 
respectively in cases 1, 2, and 3. Histopathologic evalu-
ations revealed that the lesions of case 1 and 2 were 
both well-differentiated intramucosal adenocarcinomas 
in tubulovillous adenoma （Fig. 3）, and that of case 3 
was diagnosed as well-differentiated intramucosal ade-
nocarcinoma. All margins were free of neoplasia. In 
case 2 minor bleeding caused by dissection of the sub-
mucosal layer occurred, but it was successfully treated 
by electrocoagulation. There were no cases of delayed 
bleeding or perforation, and all patients were dis-
charged within 3 days. Follow-up endoscopy was per-
formed at 3 months in each of the three patients by 
using magnifying chromoendoscopy, which revealed 
healed scar tissue with pit pattern type I and no recur-
rence in all cases.

Clinicopathological features of twenty-five cases
Table 1 summarizes the clinicopathological features 

of the 25 patients （13 men and 12 women） with col-
orectal tumors treated by ESD using the B-Knife. The 
mean age of the patients was 64.4 years （range, 42-83 
years）. The mean maximum diameter of the lesions 
was 36.4 mm （range, 19-80 mm）. The lesions were lo-
cated in the rectum in 6 cases, sigmoid colon in 5 cas-
es, transverse colon in 6 cases, ascending colon in 4 
cases, and ileocecum in 4 cases. The gross types of le-
sions included：11 cases of LST-G；11 cases of LST-

rized as granular （LST-G） or non-granular  （LST-
NG） type1）. Histological diagnosis was carried out ac-
cording to the Japanese classification of colorectal 
carcinoma31）. All ESD specimens were cut at 2 mm in-
tervals to determine the histological type, depth of in-
vasion （intramucosal carcinoma, pM；slightly submu-
cosal invasive carcinoma with depth＜1 0 0 0 mm, 
pSM1；massive submucosal invasive carcinoma with 
depth≥ 1000 mm, pSM2）, amount of fibrous stroma, in-
vasive growth pattern, invasion of the vessels and 
margins of clearance.

Follow-up endoscopy was performed at intervals of 
3-6 and 15-18 months after ESD to confirm healing of 
the ulcers by using magnifying chromoendoscopy, and 
to exclude the presence of residual tumor.

The study protocol was approved by institutional re-
view board at National Cancer Center Hospital East 
and Sano Hospital. All patients were informed about 
the risks and benefits of devices used, and provided 
written informed consent to ESD treatment for large 
colorectal tumors.

RESULTS

Clinicopathological features of initial three cases
Case 1：A 74-year-old woman was referred for 

colonoscopy because of a positive fecal occult blood 
test. The examination showed a 40 mm, large sessile 
lesion （0-Is type） in the upper rectum. Case 2：A 
50-year-old man was referred for detailed evaluation 
because of bloody stool. Colonoscopy showed a 50 mm, 
large sessile lesion （0-Is type） in the upper rectum. 
Case 3：A 46-year-old man was referred for EMR of 
a large flat elevated lesion, and colonoscopy revealed a 
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Fig. 3　Histological examination of the resected specimen.
Histological examination shows well-differentiated adenocarcinoma with an 
adenomatous component and a free margin.
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invasion, was resected by partial colectomy with 
lymphadenectomy. Furthermore, the patient under-
went adjuvant chemotherapy after surgery because 
there was metastasis to the lymph node. The other 
case consisted a lesion situated in the ileocecum, which 
was classified as LST-G type （maximum diameter, 
65 mm）, well-differentiated adenocarcinoma in adeno-
ma, and pM, was resected in multiple segments by 
ESD. At the follow-up endoscopy, the tumor recurred 
on the ESD scar, which was resected by partial colec-
tomy with lymphadenectomy after additional endo-
scopic resection. A residual portion of the tumor re-
mained in the colon, but there was absence of 
metastasis to the lymph node.

NG；3 cases of 0-Is. Histological examination revealed 
8 cases of adenomas, 15 cases of pM carcinomas, one 
case of pSM1 carcinoma （depth＜500 mm）, and one 
case of pSM2 carcinoma （depth＞2000 mm）.

Clinical outcomes of twenty-five cases
The outcomes of the ESD are shown in Table 2. The 

mean operation time was 91.6 minutes. En bloc resec-
tion was achieved in 21 of the 25 treated lesions （84
％）. Perforation occurred in one case （4％）, which was 
managed by conservative medical treatment after en-
doscopic closure with clipping. In some cases minor 
bleeding caused by dissection of the submucosal layer 
occurred, but it was successfully treated by electroco-
agulation. There were no cases of delayed bleeding. 

Two cases （8％）, a pSM2 carcinoma and a local re-
currence, underwent additional surgery after ESD. 
The former case, which consisted of a lesion located in 
the sigmoid colon classified as LST-NG type （maxi-
mum diameter, 30 mm）, well-differentiated adenocarci-
noma in adenoma, and pSM2 （depth＞2000 mm, carci-
noma identified at the deep margin） with lymphatic 
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Table 1　Clinicopathlogical features of 25 patients with colorectal tumors

Sex （men/women） 13/12
Age, years, mean （range） 64.4 （42-83）
Lesion maximum diameter, mm, mean （range） 36.4 （19-80）
Location, n （％）
　Rectum
　Sigmoid colon
　Descending colon
　Transverse colon
　Ascending colon
　Ileocecum

6 （24）
5 （20）
0 （0）
6 （24）
4 （16）
4 （16）

Gross type, n （％）
　Laterally spreading tumor （LST）
　　Granular （LST-G） type
　　Non-granular （LST-NG） type
　0-Is

11 （44）
11 （44）
3 （12）

Histological diagnosis, n （％）
　Adenoma
　Carcinoma
　　pM
　　pSM1
　　pSM2

8 （32）
15 （60）
1 （4）
1 （4）

pM, intramucosal carcinoma；pSM1, pathological submucosal invasive 
carcinoma with depth＜1000 mm；pSM2, pathological submucosal 
invasive carcinoma with depth≥ 1000 mm.

Table 2　 Clinical outcomes of 25 colorectal ESD using 
the B-Knife

Operation time, min, mean 91.6
En bloc resection, n （％） 21 （84）
Perforation, n （％） 1 （4）
Delayed bleeding, n （％） 0 （0）
Additional surgery, n （％） 2 （8）
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Knife allowed complete removal of the lesion as a sin-
gle large fragment. There were no major complica-
tions, and operating time （43 min） was no longer than 
that for ESD using monopolar current11,12）. Yamamoto 
et al. reported a similar EMR technique with ESD us-
ing a combination of monopolar needle knife, injection 
of sodium hyaluronate and small-caliber-tip transpar-
ent hood10,13）. However, they also remarked that indica-
tions for performance of this type of procedure re-
quires prudent selection of colorectal lesions as skillful 
control of the endoscope tip and accessory devices are 
necessary. Further prospective investigation is re-
quired to compare ESD using the B-Knife with other 
ESD techniques for validation of these results. 

We then examined the clinical outcomes of ESD us-
ing the B-Knife for 25 further patients with colorectal 
tumors. In this study, the en bloc resection, perforation 
and delayed bleeding rate were 84％ , 4％ and 0％ , re-
spectively, which are similar to current reports14〜26）. 
Only two cases （8％）, a pSM2 carcinoma and a local 
recurrence, underwent additional surgery after ESD. 
However，there have been no cases of recurrence 
thus far. Therefore, our findings show that ESD of col-
orectal tumors using the B-Knife gives a higher en 
bloc resection rate and results in less complications. In 
addition, the operating time for ESD was 91 .6 min, 
which is similar to current reports20,24, 25）.

In conclusion, our preliminary results from a bench 
study and clinical outcomes of this study suggest that 
ESD using the B-Knife is reliable and safe for the com-
plete resection of select large flat lesions in the colorec-
tum.
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DISCUSSION

EMR has been widely accepted as a treatment for 
flat and larger colorectal lesions. In Japan, en bloc re-
section, such as ESD using an insulation-tipped （IT） 
knife, a needle-knife, or a hook-knife, for early gastric 
cancers has recently been recommended whenever 
possible to reduce the incidence of residual or recur-
rent tumors13,32〜35）. However, ESD was not acceptable 
as a standard technique for large colorectal mucosal 
neoplasms, because of its technical difficulty, prolonged 
procedure duration, higher incidence of complications, 
such as perforation and bleeding, and the necessity of 
submucosal injections of expensive sodium hy-
aluronate10,11）. In our initial experience with ESD using 
an IT knife, the incidence of complications was 50％；
among 14 cases, bleeding occurred in 5 cases and per-
foration occurred in 2 cases 11）. Currently, colorectal 
ESD has gradually been carried out in some institu-
tions with favorable results by the development of ad-
vanced equipment such as submucosal injection  
solutions, a high-frequency generator system, electro-
surgical knives, surgical clips, closure devices and car-
bon dioxide （CO2） insufflation system10,13〜26）. There-
fore, the development of an endoscopic electrosurgical 
knife （such as B-Knife） that would allow complete and 
safe removal of large flat lesions in a single fragment is 
necessary.

In 1942, Greenwood introduced the first bipolar sys-
tem, which consisted of forceps with insulated blades36）. 
Later, a bipolar needle knife for minimally invasive en-
doscopic neurosurgery was developed to avoid tissue 
traumatization in cerebral structures （Bipolar Micro-
probe, ERBE Elektromedizin GmbH, Tübingen, Germa-
ny）37）. However, to our knowledge, the B-Knife is the 
first bipolar knife designed for use in the gastrointesti-
nal tract. Our preliminary results from a bench study 
showed that tissue traumatization was much less with 
the B-Knife than with a needle knife and monopolar 
current28,29）. With the bipolar system, the current flows 
only through the tissue that is between the electrodes, 
therefore, one should be able to achieve desired tissue 
effects within the confines of the electrodes while pro-
ducing only a circumscribed area of tissue injury, as 
has been demonstrated experimentally. 

In our initial 3 cases, this procedure using the B-
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