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Abstract
AIM: To apply the laparoscopic and endoscopic co
operative surgery concept, we investigated whether
endoscopic cholecystectomy could be performed more
safely and rapidly via only 1 port or not.

Institutional animal care and use committee statement:
Animal experiments were performed in the Preclinical Animal
Laboratory of Kagawa University, Japan. All experimental
procedures were performed according to the guidelines for the
care and use of animals as established by Kagawa University,
Japan.

METHODS: Two dogs (11 and 13-mo-old female
Beagle) were used in this study. Only 1 blunt port was
created, and a flexible endoscope with a tip attachment
was inserted between the fundus of gallbladder and
liver. After local injection of saline to the gallbladder
bed, resection of the gallbladder bed from the liver was
performed. After complete resection of the gallbladder
bed, the gallbladder was pulled up to resect its neck
using the Ring-shaped thread technique. The neck of
the gallbladder was cut using scissor forceps. Resected
gallbladder was retrieved using endoscopic net forceps
via a port.
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RESULTS: The operation times from general anes
thetizing with sevoflurane to finishing the closure of
the blunt port site were about 50 min and 60 min
respectively. The resection times of gallbladder bed
were about 15 min and 13 min respectively without liver
injury and bleeding at all. Feed were given just after
next day of operation, and they had a good appetite.
Two dogs are in good health now and no complications
for 1 mo after endoscopic cholecystectomy using only a
flexible endoscope via one port.
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CONCLUSION: We are sure of great feasibility of endo
scopic cholecystectomy via single port for human.

easily obtain sufficient space (Figure 1A). Resection of
the gallbladder from the liver was performed without
any damage or bleeding (Figure 1B). After complete
resection of the gallbladder bed, the gallbladder was
pulled up to resect its neck. A ring-shaped thread
was placed via an endoscopic channel using grasping
forceps. One side of the ring was clipped to the fundus
of the gallbladder and the other to the abdominal
wall (Figure 1C). The third clip was hooked to 1 side
of the ring-shaped thread. The thread was hooked
crosswise to the 2 supporting points of the gallbladder
and abdominal wall and clipped (Figure 1D). The
neck of the gallbladder was cut using scissor forceps
(Figure 1E). Resected gallbladder was retrieved using
endoscopic net forceps via a port (Figure 1F).

Key words: Laparoscopic and endoscopic cooperative
surgery; Endoscopic cholecystectomy; Single port;
Safer and complete resection; Feasibility
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Core tip: Endoscopic cholecystectomy via single port is
a safety and reliable new flexible endoscopic surgery.
Local injection of saline to the gallbladder bed makes it
easier to resect the gallbladder bed from the liver. After
complete dissection of the gallbladder bed, the neck
of the gallbladder was clipped and cut safer and easier
using ring-shaped thread method.

In vivo dogs’ experiments

Two dogs (11 and 13-mo-old female Beagle) were
used in this study (Hokuzan Rabesu Co., Nagano,
Japan). Animal experiments were performed in the
Preclinical Animal Laboratory of Kagawa University,
Japan. A dog was maintained in a pathogen-free
facility under controlled temperature (24 ± 2 ℃) and
humidity (55% ± 5%), with a 12-h light/dark cycle.
All experimental procedures were performed according
to the guidelines for the care and use of animals as
established by Kagawa University.
The items examined were as follows: (1) The opera
tion success rate with long survival; (2) The operation
times from general anesthetizing to finishing the
closure of the blunt port site; and (3) The resection
times of gallbladder bed.
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INTRODUCTION
In 2004, since Kalloo et al reported a study on the
observation of abdominal cavity through stomach
using oral flexible endoscope following incision of the
stomach, natural orifice translumenal endoscopic
surgery (NOTES) using flexible endoscope has attracted
[1-4]
attention as a minimally invasive surgical method .
It was impossible to suddenly succeed in developing
a surgical method equivalent to laparoscopic surgery
from the viewpoint of safety. On the other hand,
laparoscopy and endoscopy cooperative surgery
(LECS) was rapidly developed in Japan for the partial
[5-9]
gastrectomy of gastric and duodenal tumors . LECS
is based on excellent concept of the combination and
collaboration with endoscopist and surgeon, in other
words, taking advantages of both flexible and rigid
endoscopes to achieve super minimal invasive surgery.
By using the LECS concept and the technique of
endoscopic submucosal dissection (ESD), we inves
tigated whether endoscopic cholecystectomy could be
performed more safely and rapidly via only single port
or not.

Experimental devices

Endoscopes: OLYMPUS GIF TYPE Q260J (Olympus
Co. Tokyo, Japan). CO2 insufflation device: OLYMPUS
UCR (Olympus Co. Tokyo, Japan); Endoscopic knives:
Dual knife (KD-650L, Olympus Co. Tokyo, Japan);
Generator device: ERBE VIO300D (Elektromedizin,
Tübingen, Germany).

RESULTS
Under general anesthesia, only 1 port (12 mm in
diameter) was inserted using an open technique (Figure
2A). A flexible endoscope with a tip attachment was
inserted between the fundus of gallbladder and liver,
and a layer of loose connective tissue was opened.
Local injection of saline to the loose layer enabled
us to easily obtain sufficient space and dissect the
gallbladder from the liver without any damage or
bleeding (Figure 2B). After complete dissection of the
gallbladder bed (Figure 2C), the gallbladder was pulled
up to dissect its neck. A 3-0 absorbable ring-shaped
thread was placed via an endoscopic channel using
grasping forceps. One side of the ring was clipped
to the fundus of the gallbladder and the other to the
abdominal wall (Figure 2D). The third clip was hooked

MATERIALS AND METHODS
Conceptual images of endoscopic cholecystectomy via
single port

Only 1 blunt port was created, and a flexible en
doscope with a tip attachment was inserted between
the fundus of gallbladder and liver easily. Local in
jection of saline to the gallbladder bed enabled us to
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Figure 1 Conceptual images of endoscopic cholecystectomy via single port. A: Local injection of saline to the gallbladder bed; B: Resection of the gallbladder
from the liver was performed without any damage or bleeding due to sufficient space of local injection; C: A ring-shaped thread was placed, and one side of the
ring was clipped to the fundus of the gallbladder and the other to the abdominal wall; D: The third clip was hooked to 1 side of the ring-shaped thread. The thread
was hooked crosswise to the 2 supporting points of the gallbladder and abdominal wall; E: The neck of the gallbladder was cut using scissor forceps; F: Resected
gallbladder was retrieved using endoscopic net forceps.
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Figure 2 In vivo two dogs’ experiments. A: Under general anesthesia, only 1 port (12 mm in diameter) was inserted using an open technique; B: A flexible
endoscope with a tip attachment was inserted between the fundus of gallbladder (blue arrow) and liver (red arrow), and a layer of loose connective tissue was opened
(yellow arrow); C: Complete dissection (yellow arrow) of the gallbladder bed (blue arrow) from liver (red arrow); D: One side of the ring-shaped thread was clipped to
the fundus of the gallbladder and the other to the abdominal wall (yellow arrow).
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Figure 3 The ring-shaped thread technique. A: The thread was hooked crosswise to the 2 supporting points (yellow arrow) of the gallbladder (blue arrow) and
abdominal wall. Red arrow revealed the liver; B: The neck of the gallbladder was cut using scissor forceps (yellow arrow: neck of the gallbladder; blue arrows:
gallbladder vein; red arrow: gallbladder artery; green arrow: cystic duct); C: The gallbladder was completely resected and put upon (blue curved arrow) the liver (red
arrow); D: Resected gallbladder bed was very smooth without blood and damage.

cholecystectomy (SP-LC) safely, it is still challenging,
limited and risky for surgeon to perform SP-LC in the
[12]
city hospital . In this experiment, to create 12 mm-1
ports in right hypochondriac region made it possible
to complete flexible endoscopic cholecystectomy very
easy and safety. When a flexible endoscope with a tip
attachment was inserted between the gallbladder and
liver, a layer of loose connective tissue was opened
very easily. Moreover, local injection of saline to the
loose layer to obtain sufficient space and dissect the
gallbladder bed more safely. After complete dissection
of the gallbladder bed, the neck of the gallbladder
was clipped and cut using scissor forceps easily. The
Ring-shaped thread technique was very useful to pull
up the gallbladder and resect its neck. Endoscopic
cholecystectomy using only one flexible endoscope via
single port was as safe and feasible as laparoscopic
cholecystectomy.
There are 3 advantageous points in this procedure
(EC). We described these advantages as follows: (1)
Reduction of port: In general, we perform laparoscopic
cholecystectomy creating 4 ports by open technique
(1 blunt port 12 mm in diameter in umbilical portion
which is used to insert a rigid endoscopic camera and
make pneumoperitoneum to keep stable pressure,
1 port 12 mm in diameter in epigastric region, 2
port 5 mm in diameter in Rt. hypochondriac regions
to assist pulling up the fundus of the GB). In this
technique (EC), the most innovative points are not

to 1 side of the ring-shaped thread. The thread was
hooked crosswise to the 2 supporting points of the
gallbladder and abdominal wall and clipped (Figure
3A). After the neck of the gallbladder was cut using
scissor forceps extending it and placing 2 clips on the
central side and 1 clip on the peripheral side (Figure
3B), successful resection of the gallbladder was
completed (Figure 3C). Resected gallbladder bed was
very smooth without blood (Figure 3D).
The operation times from general anesthetizing
with sevoflurane to finishing the closure of the blunt
port site were about 50 min and 60 min respectively.
The resection times of gallbladder bed were about 15
min and 13 min respectively without liver injury and
bleeding at all. Feed were given just after next day of
operation, and they had a good appetite.
Two dogs are in good health now and no com
plications for 1 mo after endoscopic cholecystectomy
using only a flexible endoscope via one port.

DISCUSSION
Laparoscopic cholecystectomy (LC) has been esta
[10,11]
blished and performed safely all over the world
.
As LC is safe and well-established surgical procedure,
it needs to create 4 ports (5 mm-3 ports in right
hypochondriac region, 12 mm-1 blunt (camera)
port in the umbilical portion). Although high volume
centers are able to perform single port laparoscopic
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Innovations and breakthroughs

only to approach to the GB via single blunt port in Rt.
hypochondriac region and make pneumoperitoneum
keeping stable pressure, but also to use functional
advantages of flexible endoscope such as cleaning
its lens function, water jet function and manual
insufflation/deflation function under stable pressure
by pneumoperitoneum system of the blunt port. The
concept of this technique (EC) isn’t similar to the
NOTES at all, but LECS concept which approached via
port created at the abdominal wall. This procedure
(EC) requires only 1 port via abdominal wall without
perforation of the gut wall to approach the abdominal
cavity and GB bed; (2) Direction of approach to the
GB: Single incision laparoscopic surgery (SILS) needs
higher surgical technique than this technique using
a flexible endoscope. This is because the approach
direction by SILS is from the perpendicular direction
to the GB bed, and this makes it difficult to resect
GB without minor injury and bleeding of the liver.
On the other hand, in the EC procedure, we can
approach the GB bed from the parallel direction. It
is very easy to inject the natural saline to the GB
bed and dissect it using attachment from parallel
direction by a flexible endoscope using endoscopic
submucosal dissection (ESD) method; and (3) The
Ring-shaped thread technique: After dissected GB bed,
it is difficult to obtain clear surgical view at the Calot
triangle. However, the ring thread is inserted into the
GB through the endoscopic channel using grasping
forceps. After clipped at 2 points, the third clip hooks 1
side of the ring thread and slides the thread crosswise
to pull up the GB and is then clipped.
In this study, there are several limitations as follows
and needed more animal experiments to confirm
safety of EC: (1) Small number experiments; and (2)
EC requires endoscopist to learn the anatomy of only
the Calot triangle and its anomaly.
We are sure of the feasibility of this surgical
procedure “endoscopic cholecystectomy via single
port’’ for human.

Local injection of saline to the gallbladder bed made it possible to resect the
gallbladder bed more rapidly and safely. The Ring-shaped thread technique
was very useful to pull up the gallbladder and resect its neck.

Applications

Endoscopic cholecystectomy using only one flexible endoscope via single port
was as safe and feasible as laparoscopic cholecystectomy.

Peer-review

Quite sure that the feasibility of this surgical procedure “endoscopic
cholecystectomy via single port’’ for human.
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