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Abstract

BACKGROUND

Natural orifice transluminal endoscopic surgery (NOTES) gallbladder-preserving
surgery by flexible endoscopy is an emerging technology. However, the gallbladder

fails to obtain traction and positioning functions during the operation.

AIM
This study aimed to evaluate the feasibility and safety of a new surgical method,

“snare-assisted pure NOTES gallbladder-preserving surgery”.

METHODS

Eight miniature pigs were randomly divided into the experimental group (NOTES
gallbladder-preserving surgery using the snare device, SA) and the control group
(NOTES gallbladder-preserving surgery without using the snare device, NC), with four
cases in each group. The differences between the two groups of animals in operating
time, operating workload, complications, adverse events, white blood cells, and liver

function were determined.

RESULTS

No differences were found in the surgical success rate, gallbladder incision closure,
white blood cell count, or liver function between the two groups. The total operating
time, gallbladder incision blood loss, gallbladder disorientation time, gallbladder
incision closure time, and workload scores on the National Aeronautics and Space
Administration-Task Load Index (NASA-TLX) were significantly reduced in the SA
group (P<0.05).

CONCLUSION
These results indicated that snare-assisted pure NOTES gallbladder-preservation

surgery using standard endoscopic instruments reduced the difficulty of operation,




shortened operation time, and did not increase complications in pigs. A new method for

pure NOTES gallbladder-preservation surgery was provided.
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Core Tip: This study aimed to evaluate the feasibility and safety of a new surgical
method, “snare-assisted pure NOTES gallbladder-preserving surgery”. Eight miniature
pigs were randomly divided into an experimental group (SA) and a control group (NC).
The total operating time, gallbladder incision blood loss, gallbladder disorientation
time, gallbladder incision closure time, and workload scores on the National
Aeronautics and Space Administration-Task Load Index (NASA-TLX) were
significantly reduced in the SA group. These results indicated that snare-assisted pure
NOTES gallbladder-preservation surgery reduced the difficulty of the operation,

shortened the operation time, and did not increase complications.

INT&ODUCTION

The incidence of benign gallbladder diseases, such as gallbladder stones and
gallbladder polyps, has been increasing yearlyl!], and the total prevalence of gallbladder
stones in adults worldwide has reached 10%-20%[2l. Currently, cholecystectomy is still
the main method used for the treatment of gallbladder stones and polyps. However,
many complications occur after the patient loses the gallbladderl® 4; moreover,
gallbladder loss leads to an increased incidence of colorectal, pancreatic, esophageal,
and liver cancers(>8l. With the development of medicine, some doctors have realized

that gallbladder removal may not be suitable for all patients with benign gallbladder




diseases. The operation and concept of preserving the gallbladder and curing benign
gallbladder diseases are now widely supported. In addition, some patients refuse open
or laparoscopic cholecystectomy because it can cause surgical scars on the abdominal
wall. They believe that these scars have a negative impact on their physical and mental
healthl®. As an emerging technology, gallbladder-preservation surgery via natural
orifice transluminal endoscopic surgery (NOTES) has obvious advantages in the
complete resection of gallbladder polyps, removal of gallbladder stones, and
preservation of gallbladder function. It is minimally invasive, painless, and scar-free.
However, there are some technical obstacles to the clinical application of this operation.
For example, the gallbladder bed is close to the liver, is obscured by fatty tissue, and has
a poor field of vision; therefore, it can be difficult to locate the gallbladder'l. In
addition, the gallbladder collapses and shrinks quickly after incision, and the
instruments used for gallbladder operation lose their focus, thereby making the
operation very difficultl!ll. The single-channel flexible endoscope for gallbladder-
preservation surgery via NOTES requires additional navigation and traction.

Our inspiration came from the use of snares to assist in traction and exposure of
lesions during endoscopic submucosal dissection. We tried a similar surgical method,
which involved using a snare to assist in the traction and positioning of the gallbladder.
The aim of this study was to evaluate the feasibility and safety of a newly proposed
operative method, “a snare-assisted pure NOTES gallbladder-preserving surgery by a

single-channel flexible endoscope”.

MATERIALS AND METHODS
MATERIALS AND METHODS

Animals

Eight Bama mini pigs weighing 15-20 kg that were in good health (with qualified
certification) were chosen. The eight animals were randomly divided into two groups:
the experimental group (NOTES gallbladder-preserving surgery using the snare device,
SA) and the control group (NOTES gallbladder-preserving surgery without using the




snare device, NC). Each group had four animals. This study was conducted in the
Experimental Center ofﬁle People's Hospital of Guangxi Zhuang Autonomous Region.
The research protocol was reviewed and approved by the Ethics Committee of the
People's Hospital of Guangxi Zhuang Autonomous Region. The approval number is

KY-LW-2019-4.

Equipment :

A single-channel flexible endoscope (GIF-Q260], Olympus, Tokyo, Japan) and an
electrosurgical generator (Endocut ICC200; Erbe, Tubingen, Germany) were used. Other
equipment included a snare (Boston Scientific,Ref;M00562650),a transparent cap
(Olympus), an insulated IT-knife (model KD-610L,Olympus), a hook knife (model KD-
620LR, Olympus), an injection needle (model 19G, Olympus), hemostatic clips and a
release device (Olympus), and hot hemostatic forceps (KD610, Olympus). All

endoscopes and accessories were sterilized prior to use.

Medications
The medications used in the study included xylazine hydrochloride injection, propofol
injection, diazepam, 2% pentobarbital sodium, atropine, cimetidine, and ceftiofur

sodium for injection (Chengdu Zhongmu Biological Pharmaceutical Co., Ltd.).

Anesthesia

The pigs fasted for 48-72 h. They were given 200 mL of milk and 500 mL of 50% glucose
for their daily drink. Preoperative intramuscular injection of xylazine hydrochloride (2
mL) was completed, after which blood was immediately collected from the anterior
vena cava of the neck. Then, an intravenous injection needle was placed in the dorsal
ear vein, and intravenous infusion of propofol injection (4 mg/ (kg h)) was completed to
maintain anesthesia. Endotracheal intubation was not performed. The ECG oxygen

saturation meter was connected to monitor vital signs, and electrode pads were pasted




on the abdominal skin after shaving. Preoperative intramuscular injection of ceftiofur

sodium (5 mg/kg) was performed to prevent infection.

Description of technology (pure NOTES gallbladder-preserving surgery)
Snare assisted (SA) group: Each generally anesthetized pig was placed on its left side
on the operating table. Each one wore a sterile mouth ring and was covered with sterile
towels. An ordinary gastroscope was preinserted into the stomach. The stomach,
esophagus, and duodenum were flushed with normal saline (>1000 mL). A transparent
cap was placed on the front end of the sterile gastroscope, and the anterior wall of the
gastric antrum was incised using a hook knife and IT knife (Figure 1A). The snare was
placed on the transparent cap and inserted into the abdominal cavity along with the
endoscope (Figure 1B). The liver and gallbladder were examined (Figure 1C). The
transparent cap clung to the gallbladder wall, and the gallbladder wall was sucked in it.
The snare was released, and the gallbladder wall was ligated (Figure 1D). Under this
ligation state (Figure 1E), a hook knife and IT knife were used to make an incision of
approximately 13 mm in the gallbladder wall (Figure 1F-G). The endoscope entered the
gallbladder and was used to observe and flush the gallbladder mucosa. Metal clips
were employed to close the gallbladder incision (Figure 1H). The snare was loosened
(Figure 11-]). The abdominal cavity was flushed with normal saline (>2000 mL). Further
observation was performed to ensure that there was no bleeding or bile leakage at the
gallbladder incision. Then, the gastric wall incision was closed with clips. Control
group (NC) : Except for the fact that the snare was not used, the operating procedures
performed for this group were the same as those mentioned above.

During the operation, the intra-abdominal pressure was not measured. The
anesthesiologist monitored the abdominal wall pressure and the oxygenation index of
the ear skin, which prompted the endoscopist to suck the gas from the abdominal cavity

with an endoscope in time to reduce the intra-abdominal pressure.

Video description




The video came from a single surgical procedure in the SA group. A pig model was
used to demonstrate snare-assisted pure NOTES gallbladder-preserving surgery by a

single-channel flexible endoscope (Video).

Postoperative follow-up

All pigs were given liquid food after fasting for 24 h. All animals received ceftiofur
sodium wvia injection (5 mg/kg, qd, 3 days) to prevent infection. An experienced
physician conducted extensive monitoring of these animals daily to observe whether
complications or adverse events occurred. Blood was collected at 24 h and 28 d after the
operation. Gastroscopy was performed 28 d after the operation.

Animal care and use statement

The animal protocol was designed to minimize pain or discomfort to the animals. All
animals were killed by barbiturate overdose (intravenous injection, 150 mg/kg

pentobarbital sodium) for autopsy.

Outcome parameters

Changes in the number of white blood cells, blood amylase, and liver function were
observed before and after the operation. The operation success rate, operation time,
intraoperative and postoperative complications, and animal survival rate were
recorded. The NASA-TLX[2l was used to assess the difficulty of the operation. The
conditions of the abdominal cavity, stomach wall, and gallbladder were observed by

autopsy.

Statistical analysis
Quantitative data are expressed as the mean + SD. The results were analyzed by SPSS
ﬁ[] statistical software. The significance of the data was determined by Student’s {-test.

alue <0.05 was considered statistically significant.




RESULTS
Short-terin operation outcomes
The operation was completed on all animals, and a success rate of 100% was achieved.
It took 10.944.3 min to cut the stomach wall, and the bleeding volume was 12.4+6.6 mL.
Although entry into the abdominal cavity occurred through the anterior wall of the
gastric antrum, which was close to the gallbladder, the mirror body had no bending and
showed good mobility. The operation space and visual field were small, and it took
11.0+3.6 min to locate the gallbladder. Fortunately, under the assisted traction and
navigation positioning of the snare, blood loss during gallbladder incision was reduced
(P<0.05). The total operating time, gallbladder disorientation time during the operation,
and gallbladder incision closure time were significantly reduced in the SA group
(P<0.05) (Table 1). No differences were found between the two groups in the time
involved in gallbladder incision and the number of clips required to close the
gallbladder incision (P>0.05), as shown in Table 1. However, removal of the clip was
needed in 50% (2/4) of the animals in the NC group due to the incorrect placement of
the clip; this situation did not occur in the SA group. The inside of the gallbladder of all
animals was fully explored and flushed. None of the animals had bile leakage from the
gallbladder incision.

Using the NASA-TLX to evaluate the difficulty of operation, the results showed that
under the auxiliary traction and positioning of the snare, the mental demand, physical
burden, temporal demand, effort, and frustration of the endoscopist were significantly

reduced (P<0.05), as shown in Table 1 and Figure 2.

Operation safety

During the operation, 75% (3/4) of the animals in the NC group showed a significant
decrease in the “blood oxygen index” of the ear skin, which returned to normal after the
gas in the abdominal cavity was sucked through an endoscope. However, the animals

in the SA group did not show these adverse events. In addition, 100% (4/4) of the




animals in the NC group had electric burn scars on their livers (Figure 3), whereas only
25% (1/4) of the animals in the SA group showed a similar condition.

All animals survived, and their body weight increased appropriately (an increase of
1.88+0.69 kg) until euthanasia on Day 28. The follow-up found that the animals in the
SA group were normal after the operation, and no complications occurred. In addition,
no significant differences were found between the groups in the number of white blood
cells and neutrophils, liver function, or the amount of amylase in the blood at 24 h and

28 d after surgery (P>0.05) (Table 2).

Gastroscope review and necropsy

The gastric wall incisions of all animals healed without ulcers and incision fistulas
(Figure 4A). A small number of omental adhesions existed on the gastric serosal surface
of all animals. After the adhesions were released, the gastric wall incisions healed well.
The gallbladder incisions of all animals were closed well, and no biliary fistulas,
peritoneal effusions, abdominal hematomas, or abdominal abscesses were found.
However, there were some adhesions around the gallbladder incisions, and the metal
clip was wrapped in it (Figure 4B-D). The gallbladder was opened, and the gallbladder
mucosa was smooth, with no formation of stones or polyps. The mucosa at the original
incision healed well (Figure 4E), and the local mucosa was slightly edematous (Figure
4F), with an average thickness of 4.2+0.7 mm. However, there was no difference in the

thickness of the gallbladder mucosa between the two groups (P>0.05).

DISCUSSION

At present, cholecystectomy is still the gold standard for the treatment of gallbladder
stones and polyps. However, the gallbladder has an irreplaceable role in the digestion
process of the human body. Many complications and adverse reactions can occur after
gallbladder resection>®l. Therefore, both physicians and patients expect to find a better
treatment that will preserve the gallbladder and cure gallbladder stones and polyps.

This paper reports the successful application of flexible endoscopy viz NOTES




gallbladder-preservation surgery. This seems to be a promising new surgery for
patients who wish to preserve the gallbladder without scarring of the abdominal wall.

In previous single-channel flexible endoscopy via NOTES gallbladder-preservation
surgery, the gallbladder was not effectively tracted and navigated, and the gallbladder
and gallbladder incision were often lost during the operation, thereby significantly
prolonging the operation time and increasing the damage to the surrounding organs!'3.
These disadvantages make it extremely difficult to promote this kind of surgery. If the
gallbladder and gallbladder incision can be positioned quickly and accurately during
the operation and the gallbladder can be pulled safely and effectively, then the
difficulty and risk of the operation will be greatly reduced, and the operation time will
be shortened. Both physicians and the patients will benefit.

In recent years, snares have been used in endoscopic submucosal dissection to assist
in traction and exposure of lesions!™l, Inspired by this use, we applied the snare device
to gallbladder-preserving surgery, which is called “snare-assisted pure NOTES
gallbladder-preserving surgery by flexible endoscope”. Compared with the nonsnare
group, the use of the snare significantly reduced the duration and difficulty of the
operation. Moreover, the NASA-TLX workload score was significantly reduced, and no
adverse reactions or complications occurred.

Although the endoscope enters the abdominal cavity through the stomach, the organs
and structures in the four quadrants of the abdominal cavity can be clearly observedl[!5l.
However, this study found that the gallbladder of pigs is deeply buried in the liver lobe
and is mostly covered by the surrounding omentum. This affected the surgical vision
and caused the loss of the gallbladder during the operation. This increased the difficulty
of locating the gallbladder and gallbladder incision again and significantly prolonged
the operation time. Given the navigation guidance of the snare during the operation, the
endoscopist quickly found the gallbladder and gallbladder incision again. Thus, the
duration of gallbladder disorientation during the operation and the total operation time

were significantly shortened.




This study found that after the incision of the gallbladder, the bile flowed out, the
gallbladder collapsed and shrank, and the surgical instruments lost their focus, thereby
increasing the difficulty of the operation. The use of a snare to pull or drag the
gallbladder can significantly reduce the difficulty of operation, shorten the time of
gallbladder exploration, and reduce electrical coagulation damage to the nearby liver.
Particularly in the case of massive hemorrhage from the gallbladder incision, blood
obstructs the vision of the endoscope. The gallbladder is raised or pulled into the
stomach by the snare, which can better expose the bleeding point. This is conducive to
the electrocoagulation and hemostasis of the hot hemostatic forceps. This study showed
that the blood loss from the gallbladder incision in the SA group was smaller than that
in the NC group. Another issue is the poor closure of the gallbladder incision, which
can lead to a bile fistulall?l. Although metal clips were used in this study to close the
gallbladder incision, no complications, such as biliary fistula or peritonitis, occurred
after the operation. However, the time involved in closing the gallbladder incision in
the SA group was significantly shortened, and there were no adverse events that
required the removal of the metal clip due to its incorrect placement.

This study found that 75% of the animals in the NC group experienced a significant
drop in the blood oxygen index of the ears during the operation. The abdominal gas
was sucked through the endoscope, and the operation was suspended to return to
normal. It is possible that the abdominal pressure was too high, which inhibited the
animals’ breathing and heartbeats!'?l. However, the blood oxygen index of the ear skin
of the animals in the SA group remained normal. Given the traction and positioning of
the snare, it can assist the surgical operation and expose the surgical field without
blowing excess air into the abdominal cavity.

Although there are many microorganisms in the digestive tract, the strong acidity of
gastric juice makes it difficult for most microorganisms to survive. Therefore,
transgastric NOTES gallbladder-preserving surgery might not inCﬁase the risk of
infection. A study showed that there was no significant difference in C-reactive protein

(CRP) and tumor necrosis factor-a (TNF-a) levels after open surgery, laparoscopic




surgery, and pure NOTESI'7]. The present study found that although the leukocytes and
neutrophils in the blood of all animals increased 24 h after the operation, they quickly
returned to normal, and no difference was found between the two groups of animals at
24 h and 28 d after surgery. Therefore, using the snare did not increase the risk of
infection during surgery.

The gallbladders of all animals were opened, and their gallbladder mucosae were
smooth without the formation of stones and polyps. The mucosal surface at the original
incision healed well, and no difference was found in the thickness of the gallbladder
healing area between the two groups. The snare did not affect the healing of gallbladder
mucosa or gallbladder incision. Moreover, some adhesions appeared around the
gallbladder incision in all animals, and the metal clip was wrapped in it. This finding
may be due to the body's response to abdominal organ damage and foreign bodies!'0l.
Hoywever, the snare did not aggravate this reaction.

To the best of our knowledge, this is the first experimental study of snare-assisted
pure NOTES gallbladder-preserving surgery. However, several limitations of this study
bear consideration. First, we only applied snare assistance for endoscopic trans-gastric
gallbladder-preserving surgery. Thus, we cannot generalize the efficacy of snare
assistance with other surgical paths, such as endoscopic transrectal gallbladder-
preserving surgery and endoscopic transvaginal gallbladder-preserving surgery.
Studies with other surgery paths are necessary in the future for a complete evaluation
of the efficacy and safety of snare-assiﬁd pure NOTES gallbladder-preserving surgery.
Second, the number of animals used was small, and more studies with larger sample
sizes are needed to confirm these findings. Third, it was undertaken on animals; thus,
clinical trials are needed to demonstrate the effectiveness of snare-assisted pure NOTES

gallbladder-preserving surgery in humans.

CONCLUSION

In summary, we successfully performed a flexible endoscopic gallbladder-preserving

operation on pigs through pure NOTES. The use of a snare to assist the operation can




reduce the difficulty of the operation and shorten the operation time; it does not
increase the risk of the operation. Translating this new technology to human subjects
seems straightforward and has great practical value in the clinic. However, further
studies with large sample sizes are needed to confirm its clinical benefits, especially in

humans.

ARTICLE HIGHLIGHTS

Research background

With the development of medicine, the operation and concept of preserving the
gallbladder and curing benign gallbladder diseases are now widely supported. As an
emerging technology, gallbladder-preservation surgery via natural orifice transluminal
endoscopic surgery (NOTES) has obvious advantages in the complete resection of
gallbladder polyps, removal of gallbladder stones, improvement of gallbladder
inflammation, and preservation of gallbladder function. However, there are some
technical obstacles to the clinical application of this operation. For example, the
gallbladder bed is close to the liver, is obscured by fatty tissue, and has a poor field of
vision, indicating that it can be difficult to locate the gallbladder. In addition, the
gallbladder collapses and shrinks quickly after incision, and the instruments used for

gallbladder operation lose their focus, thereby making the operation very difficult.

Research motivation
The single-channel flexible endoscope for gallbladder-preservation surgery via NOTES
requires additional navigation and traction. We proposed a new operative method that

involved using a snare to assist in the traction and positioning of the gallbladder.

Research objectives
This study aimed to evaluate the feasibility and safety of a new surgical method,

“snare-assisted pure NOTES gallbladder-preserving surgery”.




Research methods

Eight miniature pigs were randomly divided into the experimental group (NOTES
gallbladder-preserving surgery using the snare device, SA) and the control group
(NOTES gallbladder-preserving surgery without using the snare device, NC), with four
cases in each group. The differences between the two groups of animals in operating
time, operating workload, complications, adverse events, white blood cells, and liver

function were determined.

Research results

No differences were found in the surgical success rate, gallbladder incision closure,
white blood cell count, or liver function between the two groups. The total operating
time, gallbladder incision blood loss, gallbladder ﬁsorientation time, gallbladder
incision closure time, and workload scores of the National Aeronautics and Space
Administration-Task Load Index (NASA-TLX) were significantly reduced in the SA
group (P<C0.05).

Research conclusions
These results indicated that snare-assisted pure NOTES gallbladder-preservation
surgery using standard endoscopic instruments reduced the difficulty of the operation,

shortened operation time, and did not increase complications in pigs.

Research perspectives
A new method for pure NOTES gallbladder-preservation surgery was provided.
Translating this new technology to human subjects seems straightforward and has great

practical value in the clinic.
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