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Abstract

Background and aim Natural orifice transluminal endoscopic surgery (NOTES) cholecystectomy is an emerging technology.
Interest is ongoing and developments have been rapid but NOTES cholecystectomy has failed to gain traction. Here, we share
our experience of snare-assisted pure NOTES retrograde cholecystectomy using porcine models.

Materials and methods Under general anesthesia, an incision was created on the posterior vagina wall and an endoscope
with a snare attached to the transparent cap was introduced into the pelvic cavity and then upward into peritoneal cavity.
After locating the liver and gallbladder, the fundic wall of gallbladder was grasped using a biopsy forceps and the snare was
released to ligate the fundus. The gallbladder was then carefully dissected from the gallbladder bed using hook/IT knives
with the assistance of the snare. The cystic duct and cystic artery were identified, clipped twice and isolated from the gall-
bladder using the hook knife to cut between the clips. The specimen was then removed through the vagina using the snare.
Results This procedure was successfully performed in 8 consecutive pigs. The average procedure time was 53 min (range
40-60 min). No severe bleeding or other complication was observed either during or after the procedure. Normal diets were
given on the same day of the procedure. All animals recovered uneventfully.

Conclusion We successfully performed snare-assisted pure NOTES retrograde cholecystectomy in pigs using standard
endoscopic instruments. In our experience, pure NOTES cholecystectomy using the retrograde approach performed with a
single channel flexible endoscope proved safe and feasible with a short procedure time and quick recovery. The translation
of this technique to human subjects seems straight forward and provides a new fitting path to pure NOTES.
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We were inspired by the surgeon’s open surgical chol-
ecystectomy technique termed retrograde or "fundus-first"
cholecystectomy used during open cholecystectomy and in
difficult laparoscopic cholecystectomies. In this approach,
the standard dissection starts at the triangle of Calot and
progresses towards the fundus of the gallbladder [18, 19].
We attempted a similar approach with NOTES using a
snare-assisted retrograde approach in which the gallblad-
der is removed from the bottom (fundus) downward rather
than from the cystic duct. Our use of retrograde dissection
was similar to that used in open and laparoscopic cholecys-
tectomy. The aim of this study was to evaluate the feasibil-
ity and safety of a newly proposed operative method-pure
NOTES retrograde cholecystectomy using a single channel
flexible endoscope.

Materials and methods
Animals and equipments

Eight female swine with body weights of 35+2.1 kg
(32.9-37.0 kg) were used in this study. This study was per-
formed at the animal experiment center of Henan Univer-
sity. The study protocol was reviewed and approved by the
experimental center of First Affiliated Hospital of Henan
university ethical committee and meet all the guidelines of
the committee.

A single channel flexible endoscope (EVIS GIF-Q260J,
Olympus, Tokyo, Japan) was used to perform the proce-
dure. Other equipment included an insulated tip knife
(model KD-610L; Olympus, Tokyo), a hook knife (model
KD-620LR; Olympus, Tokyo), a snare (Boston Scientific,
Ref; M00562650), a transparent cap (Olympus, Model No:

Fig. 1 A Incision at the adher-
ence point of gallbladder and
liver. B Snare ligation to assist
the dissection of the gallblad-
der. C Gallbladder dissection.
D Endoscopic clipping of the
cystic duct and artery. E Gall-
bladder bed (wound) after the
cholecystectomy. F Gallbladder
specimen

D-201-11804), and clips (ROCC-D-26-195, Micro-Tech
(Nanjing) Co., Ltd, Chinaor HX-610-135, Olympus), injec-
tion needle (ET2522-C4,Endo-Flex,Germany), and a virtual
input & output (VIO) electrosurgical generator (ICC 200 EA
INT; ERBE, Tiibingen, Germany). The endoscope and all
accessories were sterilized prior to use.

Description of technology (pure NOTES retrograde
cholecystectomy)

The animals were deprived of solid food for 12 h and water
for 6 h before the procedure. Under general anesthesia,
all animals were placed in supine position. The vulva and
vagina were disinfected with a povidone-iodine solution. An
incision was created on the posterior vagina wall 15 cm from
the vaginal opening with a hook knife. The endoscope with a
transparent cap and a snare attached was introduced into the
pelvic cavity proceeding upward into peritoneal cavity. The
liver and gallbladder were identified (Fig. 1A). The fundic
wall of gallbladder was grasped using a biopsy forceps and
the snare was released to ligate the fundus (Fig. 1B). Saline
solution was injected into the gallbladder bed to enlarge
the space between the gallbladder and liver. The gallblad-
der was then carefully dissected from the bottom (fundus)
downward to the porta hepatis using hook and IT knives
with the assistance of the snare (Fig. 1C). The cystic duct
and cystic artery were easily identified and segregated, and
clipped twice (Fig. 1D) to allow the cystic duct and artery
to be isolated from the gallbladder using a hook knife to cut
between the clips (Fig. 1E). The gallbladder was removed
via the vagina using the snare under endoscopic monitoring
without suturing vaginal crevasse (Fig. 1F).

During the procedure, intra-abdominal pressure was
not measured and air was removed from the abdomen by
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aspiration through the endoscope. The anesthesiologist in
the team monitored the airway pressure and informed the
endoscopist if the pressure in the airways increases which
prompts the operator to aspirate air with the endoscope.

Video description

Video 1 is from a single procedure which shows pure
NOTES retrograde cholecystectomy using the porcine
model. The endoscope with a snare attached on the trans-
parent cap was introduced into the pelvic cavity through the
vagina then proceeding upward into peritoneal cavity. The
liver and gallbladder were identified and the fundus of the
gallbladder was ligated with the snare and then dissected
free from the gallbladder fossa using a Hook/IT knife. The
cystic duct and artery were clipped and separated from the
gall bladder using a Hook knife. The specimen was then
removed through the vagina using the snare.

Results

We successfully performed pure NOTES retrograde chol-
ecystectomy in 8 consecutive pigs. The average procedure
time was 53 min (range 40-60 min). No severe bleeding
or any other complications were observed either during or
after the procedure. A normal diet was given to the ani-
mal on the same day, after the procedure. All the animals
recovered completely and survived in good general condition
with appropriate weight gain until euthanized on day 30.
The vaginal incision site completely healed. At necropsy
no severe adhesions in the pelvis to the entry point were
observed (Fig. 2). At autopsy the peritoneal cavity of each
of the animals was examined with particularly paid attention
to the site of cystic duct, the clips and the gallbladder. No
signs of intraperitoneal infection were observed in any of the
animals. The clips were still present in good positions in all
the animals. The incision healed well with no signs of injury
to the adjacent organ.

Fig.2 Follow up image of the vaginal incision site
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Discussion

Multiple transvaginal NOTES procedures have been
described in animal models. Transvaginal access is the
most frequently reported NOTES access route in clini-
cal trials. Most cases of transvaginal NOTES procedures
reported so far have utilized a hybrid NOTES approach,
where at least one laparoscopic port has been used for
insufflation, visualization, retraction and/or dissection
[20-25]. Although, NOTES cholecystectomy is less inva-
sive, it has failed to gain traction for numerous reasons,
including difficulty in separating the gallbladder from the
surrounding tissue during transvaginal cholecystectomy.
In addition, the cystic duct and artery are a challenge to
find due to being obscured in the fatty tissue which results
in prolonging the procedure time. Thus, laparoscopy chol-
ecystectomy usually is used. To simplify the operation, we
proposed a novel technique which we call it pure NOTES
retrograde cholecystectomy. In this study, we successfully
completed the procedure in eight consecutive pigs using a
single channel flexible endoscope. There were no serious
adverse events, postoperative complications or deaths.

Our proposed novel technique mimics the surgical chol-
ecystectomy technique termed retrograde or “fundus-first”
cholecystectomy performed during open cholecystectomy
and in difficult laparoscopic cholecystectomies where the
standard dissection starting at the triangle of Calot and
progressing towards the fundus of the gallbladder is con-
sidered challenging. The authors’ technique involves ret-
rograde dissection from the fundus towards the triangle of
Calot via a flexible endoscope introduced transvaginally
and assisted by snare traction applied to the gallbladder
fundus. This is a potentially important technical innova-
tion if pure NOTES cholecystectomy is to ever reach effi-
ciency that rivals that of laparoscopic cholecystectomy.

Marescaux et al. and others have previously reported
examples of transvaginal NOTES cholecystectomy [26,
27]. All of these cases have utilized some form of trans-
abdominal laparoscopic assistance, had longer procedure
times, and failed to gain widespread acceptance. One of
the possible reasons is the complexity of the procedure due
to the need for rigid laparoscopic instruments and double
channel endoscopes which are comparatively difficult to
control.

Here, we successfully performed snare-assisted pure
NOTES retrograde cholecystectomy using the standard
endoscopic instruments (biopsy forceps, snare, hook knife,
IT knife). In our experience, pure NOTES cholecystec-
tomy using the retrograde approach performed with a
single channel flexible endoscope proved to be safe and
feasible with a significantly reduced procedure time and
quick recovery. This method allowed safe dissection of
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gallbladder with the assistance of a snare. The cystic duct
and artery were isolated, identified, clipped, and divided
at the end of the dissection. In addition, we don’t need
another abdominal port to ensure no bowl injury. Because
when we perform the incision on the vaginal wall, we per-
form it very carefully making incision on the serosa and
enlarge the incision using IT knife. Because IT knife has
tip (through that heat/electric can’t be transferred) which
is safe and helps to prevent damage to the adjacent organs.

The translation of this technique to human subjects seems
straight forward and if successful will provide a new path to
pure NOTES. However, further investigations and with large
sample size and especially those in humans are required for
confirm the preliminary observation.

There are some concerns or limitations regarding pure
NOTES transvaginal retrograde cholecystectomy. First, this
approach is limited to the patients with female reproduc-
tive anatomy. Additional experience with this technique is
required before starting studies to compare transvaginal ret-
rogade cholecystectomy with conventional laparoscopic and
hybrid NOTES approaches.
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