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Abstract

The advent of minimally invasive surgery and the ad-
vances in endoluminal flexible endoscopy have converged INTRODUCTION

to generate a new concept in digestive surgery, whose The advent of minimally invasive surgery and the advances

acronym natural orifice transluminal endoscopic surgery in endoluminal flexible endoscopy have converged to
(NOTES), has become a familiar term in the surgical com-

munity. NOTES has been performed through the mouth,
the bladder, the rectum and the vagina. Of these four ap-
proaches, the vagina has gained most popularity for sev-
eral reasons. It is not only readily accessible and easy to
decontaminate but it also provides safe entry and simple
closure. The transvaginal approach has been described in
the experimental and the clinical setting as an option for i .
cholecystectomy, nephrectomy, splenectomy, segmental 2004, it .has attracted.trernendous interest fro[zr?] surgeons
gastrectomy, retroperitoneal exploration and bariatric ~ nd flexible endoscopists all around the .World - NOTES
surgery. However, larger series are needed to delineate surgery poses many conceptual, physical and technical
the exact risks of this approach, and to transcend cultural ~ challenges that were thoroughly assessed in a “white paper”
barriers that impede its wider introduction. Prospective  published in 2006'". The most complex technical issues
randomized trials will shed light on the definitive role of ~ related to NOTES are access closure and the risk of micro-
the vaginal approach in minimal invasive surgery of the bial contamination. NOTES has been performed through
future. the mouth, urinary bladder, rectum and vagina. Of these

generate a new concept in digestive surgery in which the
wall of a hollow organ is trespassed to gain access to the
peritoneal cavity. This new approach, whose acronym
natural orifice transluminal endoscopic surgery (NOTES)
has become a familiar term in the surgical community, aims
to reduce the effects and consequences of surgical trauma
to a minimum. Since it was first defined by Kalloo ¢ a/" in
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four approaches, the vagina has gained most popularity
for several reasons. It is not only readily accessible and
easy to decontaminate but it also provides safe entry and
simple closure®™. The aim of this paper is to describe the
anatomical and technical considerations associated with this
surgical procedure, and provide an overview of experim-
ental and clinical evidence collected to date.

ANATOMIC BASIS

The transvaginal approach to the peritoneal cavity for
diagnostic or therapeutic purposes is not new in the field
of gynecology. It was named “ventroscopy” by Ott in
1901, culdoscopy by Decker and Cherry (1944) or colpolap-
aroscopy by Klaften (1948)". Transvaginal hysterectomy has
been performed successfully for many years. In 1998, Tsin
described his experience with operative colpolaparoscopy
for appendectomies and cholecystectomies. The vagina
has also been used for yeats to rettieve organs such as the
spleen or the kidney™ after laparoscopic dissection, so as
to avoid a minilaparotomy or trocar site enlargement.

The anatomical basis for the transvaginal approach is
the wide posterior fundus of the vagina formed as a result
of the anteversion position of the uterus”, The vaginal
pouch is bounded by the posterior vaginal wall, the sa-
crouterine ligaments and the anterior rectum wall, and it
forms the floor of the Douglas pouch (Figures 1 and 2).
The fundus of the vagina is 3-4 cm wide. As it is not ad-
herent to the anterior face of the rectum and has no inter-
posed organ or anatomical structure, it allows direct entry
to the peritoneum.

TRANSVAGINAL APPROACH

Technique

Colpotomy is a common, standardized and consolidated
approach in gynecology. It is used to remove not only
gynecologic lesions but also non-gynecological organs
in mini-invasive general surgery. For this procedure, the
patient is placed in dorsal decubitus with the legs in stirrups,
in the Lloyd-Davies position. Antithrombotic prophylaxis
1s administered together with a single dose of antibiotic
prophylaxis. A nasogastric tube and a Foley catheter are
used under general orotracheal anesthesia. A bimanual
gynecologic examination is recommendable to rule out
masses or adherences. After bladder catheterization, the
vagina is decontaminated with betadine. The presence
of a gynecologist is recommended when initially gaining
experience with the technique. The colpotomy can be
performed blindly without transumbilical laparoscopic
control, or under laparoscopic control. If entry is blind, the
patient is placed in the Trendelenburg position to reduce
the risk of injuring the small bowel while gaining access to
the abdominal cavity. The posterior fundus is then grasped
two cm below the cervix and a sharp or electric scalpel
is used to petform a colpotomy to reach the abdominal

cavity. This procedure is only applicable for pure NOTES.
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Figure 1 Sagital view of the female pelvis showing the shape and location of
the vaginal fundus that delineate the floor of the Douglas pouch.

Figure 2 Draft of the deep pelvis and the Douglas pouch showing the free
zone for transvaginal access to the peritoneal cavity.

For safety reasons, entry through the vagina is usually per-
formed under transumbilical laparoscopic control. In this
case, after exploratory laparoscopy to rule out adhesions
or an impracticable Douglas pouch, entry is gained by sha-
rp dissection or using a conventional laparoscopic trocar
(12 mm of diameter), either with or without blades.

Contraindications

There are a number of potential contraindications and
when transvaginal surgery is proposed, the patient should be
clearly and fully informed and asked to sign a consent form.
A preoperative gynecologic examination is recommended.
Clinical contraindications are active infections, pregnancy or
cervical cancer. Technical difficulties may be encountered
in the case of previous gynecologic surgery, gynecologic
infections, or previous inflammatory digestive diseases such
as inflammatory bowed disease, diverticulitis or appendiceal
petitonitis. In such cases a previous laparoscopy should be
carried out. The presence of endomettiosis should also be
ruled out as this could shrink the rectovaginal wall or the
Douglas pouch. Another point to consider is the practice
of transvaginal surgery in a young nulliparous patient as the
impact of transvaginal surgery on fertility is not yet known.
A practical safeguard therefore is to offer this surgery only
to postmenopausal women or patients who no longer want

to have children.
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Author Year NOTES NO. of patients Operation
Pugliese 2009 Hybrid 18 Cholecystectomy
DeCarli 2009 Hybrid 12 Cholecystectomy
Gumbs 2009 Hybrid (3)/Pure (1) 4 Cholecystectomy
Zornig 2009 Hybrid 68 Cholecystectomy
Seven 2009 Hybrid 2 Cholecystectomy
Castro-Perez 2009 Hybrid 7 Cholecystectomy
Horgan 2009 Hybrid 9 Cholecystectomy
Horgan 2009 Hybrid 1 Cholecystectomy
Horgan 2009 Hybrid 1 Appendectomy
Targarona 2009 Hybrid 1 Splenectomy
Tabutsadze 2009 Hybrid 2 Appendectomy
Nakajima 2009 Hybrid 2 Partial Gastrectomy
De Sousa 2009 Pure 4 Cholecystectomy
Navarra 2009 Hybrid 6 Cholecystectomy
Noguera 2009 Hybrid 15 Cholecystectomy
Noguera 2009 Hybrid 1 Liver Resection
Palanivelu 2009 Hybrid 6 Cholecystectomy
Cardoso Ramos 2008 Hybrid 4 Sleeve Gastrectomy
Cardoso Ramos 2008 Hybrid 32 Cholecystectomy
Zorrén 2008 Pure 1 Cancer Diagnostic Staging
DeCarli 2008 Hybrid 1 Cholecystectomy
Lacy 2008 Hybrid 1 Sigmoidectomy
Palanivelu 2008 Hybrid (2)/Pure (1) 3 Appendectomy
Branco Filho 2007 Hybrid 1 Cholecystectomy
Dolz 2007 Hybrid 1 Cholecystectomy
Zornig 2007 Hybrid 20 Cholecystectomy
Forgione 2007 Hybrid 3 Cholecystectomy
Marescaux 2007 Hybrid 1 Cholecystectomy
Bessler 2007 Hybrid 1 Cholecystectomy
Zorrén 2007 Hybrid 1 Cholecystectomy

NOTES: Natural orifice transluminal endoscopic surgery.

Potential complications

The transvaginal approach appears to be safe. Potential
complications with the transvaginal approach would logi-
cally resemble those of transvaginal hysterectomy and
fertiloscopy. Figures show that there seems to be less pain
after transvaginal hysterectomy than after open hysterec-
tomy. Nassif e/ a/"” found that the incidence of infection
after transvaginal hysterectomy was as low as 3.9%, and
less than 0.1% after fertiloscopy. Dyspareunia is reported
in 2% of cases after the operation and normally improves
with time in 81% of cases, leading to an overall incidence
around 0.2% at distance from surgery. Rectal injury is esti-
mated to be about 0.2%.

Other complications may arise from postoperative
bleeding or chronic infection of the wound. Additional
theoretical morbidity may be related to infertility. However,
no adverse effects were found in a 12-mo follow up of a
combined seties of 70 patients who underwent transvaginal

cholecystectomy! %,

Types of transvaginal NOTES

“Totally”, “Pure” or “True” NOTES refer to procedures
performed only with transluminally placed flexible or rigid
tools, without laparoscopic assistance to gain access to the
abdominal cavity. With currently available instruments these
techniques imply a high degree of difficulty and they have

1494

&?s:iﬁm"* WJGS | www.wjgnet.com

181

been performed in very few cases to date.

The term “Hybrid” NOTES is used to desctibe proce-
dures that involve any type of transabdominal assistance.
Hybrid NOTES can be divided into 2 categories: NOTES-
assisted laparoscopy and Lap-assisted NOTES. In the
former, most of the operation is conducted using transab-
dominal instruments while in the second category surgery
is mainly transluminal but includes transabdominal assis-

tance[l S .

Transvaginal NOTES: Current experimental and clinical
uses

Cholecystectomy''™: Over a few months, starting in
2007, several groups around the world reported successful
petformance of transvaginal cholecystectomies petformed
either fully endoscopically with minimal laparoscopic assis-
tance for retraction and clip applicationmm ot NOTES as-
sisted in which dissection was performed with laparoscopic
tools' ™",

More than 214 cholecystectomies have since then been
published using transvaginal NOTES""™ Table 1.

Five cases were carried out using pure NOTES tech-
niques, while the others wetre hybrid procedures. During
the hybrid procedure, the vaginal access is used for visuali-
zation and to perform part of the operation by means
of endoscopic maneuvers, whilst exposure, clipping and
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dissection of the gallbladder is done using different techni-
cal options, such as transumbilical or transparietal access
or by adding additional rigid or articulated instruments
through the vagina.

The pure NOTES operations were performed by
only two authors. Gumbs ez a/™" reported a case in which
they performed colpotomy and then introduced a trocar
under direct vision into the abdominal cavity. A 15-mm
port was then established through the colpotomy, and this
was also used to create the pneumoperitoneum. A double
channel gastroscope was introduced through the 15-mm
port. An extra 5-mm port was placed beside the 15-mm
port to allow placement of a reticulating retractor. Calot’s
triangle structures were dissected by means of the double
channel endoscope. The cystic duct and artery were clipped
endoscopically and the gallbladder was removed through
the vagina. The colpotomy was then closed with absorba-
ble suture. de Sousa ef a/” published 4 totally NOTES
transvaginal cholecystectomies, performing posterior co-
Ipotomy under direct visualization. A single channel gast-
roscope with the insufflation tube attached was inserted
through the vagina. A double channel colonoscope was
placed next to the gastroscope. One endoscope was used
for retraction and insufflation. Calot’s triangle was dissected
using endoscopic instruments such as hot-biopsy forceps,
polypectomy snare, and endoscopic hook. The cystic duct
and artery were clipped endoscopically. The gallbladder was
retrieved through the colpotomy which was then closed
with absorbable suture. Other authors have performed
hybrid procedures, assisted by means of different lapar-
oscopic instruments.

Appendectomy™™: Six appendectomies have been pe-
rformed using this novel approach. Palanivelu ez al™ re-
ported two hybrid transvaginal NOTES appendectomies
and one pure transvaginal NOTES appendectomy. Pneu-
moperitoneum was achieved by means of a Veress needle
in the umbilicus. A 3-mm port was placed through the um-
bilicus to receive a laparoscope in the first two cases. Col-
potomy was made under laparoscopic guidance in the first
two patients, and a double channel endoscope was then in-
troduced into the cavity. The left working channel was used
to provide traction while the right channel allowed dissec-
tion and closure of the appendix base with an endoloop.
The specimen was removed through the colpotomy which
was then closed with absorbable suture. The operative time
was 103.5 min. Two patients complained of postoperative
vaginal discomfort, but extra analgesics were not needed.
The hospital stay was 48 h. Intraoperative hemorrhage
from the appendicular artery was reported but was con-
trolled endoscopically. Tabutsadze ¢ a/”” published two
transvaginal NOTES appendectomies and Horgan e /™
performed one hybrid transvaginal NOTES appendecto-
my. The operative time averaged 78 min and hospital stay
was 24 h. No complications wete reported.

Sigmoidectomy and right colectomy"™*"; A hybrid
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NOTES transvaginal sigmoidectomy has been reportedm].
A needle scope in the right lower quadrant allowed insuf-
flation with COz. Colpotomy was made under laparoscopic
guidance. A 12 mm port was placed through the colpotomy
to insert the flexible endoscope. Two 2-mm ports on the
right flank and on the umbilicus were needed for traction.
An anal dilator introduced through the rectum improved
exposute of the surgical area. The inferior mesenteric ped-
icle was dissected and then transected with a 45-mm Endo
GIA stapler introduced through the vagina. After sigmoid
mobilization, a 45-mm Endo GIA stapler was introduced
through the vagina and the upper rectum was sectioned.
The specimen was extracted through the vagina. The proxi-
mal colon section was severed, a purse-string suture was
applied, and a circular stapling anvil was inserted into the
proximal end of the colon. The proximal colon was then
reintroduced into the abdominal cavity. A 31-mm circular
stapler was placed transanally to perform the anastomosis.
Colpotomy was closed with absorbable suture. Histologi-
cal diagnosis was adenocarcinoma. The operative time was
150 min. Minimal postoperative pain responded to oral
paracetamol and ketoprofene in usual doses. The hospital
stay was 96 h and no complications were reported.

A hybrid transvaginal assisted tight colectomy has been
described by Burghardt in 2008,

Cancer diagnostic stagingwj: A totally NOTES trans-
vaginal abdominal exploration was petformed to obtain
histological diagnosis and tumor staging. Colpotomy was
performed under direct vision. A flexible double channel
colonoscope was introduced through the vagina and pneu-
mopetitoneum was established through the smallest work-
ing channel. Sixteen biopsies were taken. The colpotomy
was closed using absorbable suture. The operative time
was 105 min, post-sutrgical analgesia was not required and
hospital stay was 48 h. No complications were reported.

Liver resection”: A transvaginal hybrid NOTES liver
resection was described. Pneumoperitoneum was achieved
through a Veress needle in the umbilicus, where a 5-mm
trocar was located. A 3-mm trocar was inserted in the
right upper quadrant. A 12-mm trocar was placed trans-
vaginally to receive the single channel video gastroscope.
The cystic duct and artery were clipped and sectioned.
Cholecystectomy was performed with electrocautery. The
liver transection required the use of a harmonic scalpel
and tissue sealing was achieved with radiofrequency energy.
The specimen was inserted into an endobag and extracted
transvaginally. The colpotomy was closed with absorbable
suture. The histological diagnosis was atypical adenoma.
The operative time was 110 min and hospital stay was 48 h.
No complications were reported.

Partial gastrectomy'™: Two transvaginal hybrid NOTES
partial gastrectomies have been performed. A pneumoperi-
toneum was cteated through the 10 mm port introduced
transumbilically. An additional port was needed in the left
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Figure 3 Images corresponding to the transvaginal access to the pelvis
with the patient located in full lateral position, used for the transvaginal
splenectomy. A: Intraoperative view of the Douglas pouch with the patient placed
in full lateratl decubitus; B and C: Insertion of the trocar trough the lateral fundus
of the posterior vaginal vault; D: Introduction to the scope ascending to the left
hypochondrium.

midabdomen. Colpotomy was carried out through a single
puncture with a 12-mm port under laparoscopic vision.
A flexible endoscope was introduced through the port in
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the colpotomy. A second flexible endoscope was advanced
transorally into the stomach to determine the localization
of the tumor. Once transvaginal gastric mobilization was
achieved, the transvaginal endoscope was changed for a
linear stapling device which was used to perform a partial
gastrectomy, under laparoscopic guidance. The specimen
was extracted transvaginally protected in an endobag. The
colpotomy was closed with absorbable suture. Analysis of
the specimen showed a hemorrhagic lipoma in one case
and a gastrointestinal stromal tumor in the other. Operative
time was 365 min for the former and 170 min in the latter
case. Analgesia was not required. The hospital stay was 120
h in both cases and no complications were observed.

Sleeve gastrectomy'"': Four transvaginal hybrid NOTES
Sleeve Gastrectomies have been reported in the literature
so far. Pneumoperitoneum was made through a Veress
needle in the umbilicus. A 10-mm port was then inserted
and the laparoscope was introduced. Under laparoscopic
vision, a 12-mm transvaginal port was placed. A further 5
mm port and a further 2 mm port were placed in the right
upper quadrant and in the left upper quadrant, respectively.
The stomach was mobilized using a harmonic scalpel and
was calibrated with a 36F bougie. Using linear staplers, the
sleeve was performed from the mid-antrum to the angle
of his. The staple line was then reinforced with suture. The
stomach was extracted transvaginally. The colpotomy was
closed with absorbable sutute and the total operative time
was 95 min. One patient required further analgesic treat-
ment on the second postoperative day. Hospital stay was
48 h and no complications were reported.

Splenectomy': Two transvaginal hybrid NOTES sple-
nectomies have been reported so far. Patients were placed
in right decubitus with the left leg in stirrups. The table
was flexed at the flank. A pneumoperitoneum was made
via a Veress needle. A 5-mm port was placed at the antetior
axillary line and two 3 mm ports were positioned at the
subxyphoid area and the posterior axillary line, respectively.
Colpotomy was established in the left vaginal cul-de-sac,
and a 15-mm trocar was introduced (Figure 3). This trocar
was used for visualization ziz a colonoscope. Splenic mo-
bilization was achieved through the transabdominal ports
using a 5-mm harmonic scalpel. The splenic pedicle was
stapled under laparoscopic guidance by using a linear stapler
introduced through the vagina. The specimen was extracted
transvaginally in an endobag. Colpotomy was closed with
absorbable suture. The operative time was 180 min and no
complications were reported.

Urological surgery and retroperitoneal exploration: In
an experimental setting, Allemann ¢ a/***" approached the
retroperitoneal space through the lateral wall of the vagina
and this access allowed visualization of the retroperitoneal
structures. Removal of the adrenal gland, kidney and pan-
creatic tail was feasible, and lymph node sampling was also
achieved"**,
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Urological surgery constitutes an emerging area of in-
terest for transvaginal access. Pure NOTES and NOTES-
assisted radical nephrectomies have been described and
the outcome has been good both in the experimental and

the clinical settingmsn’s‘ﬂ.

Other indications: Lomanto e 2/ has recently proposed
the experimental possibility of repairing abdominal wall
hernias using transvaginal placement and fixation of a
mesh.

PERCEPTION OF TRANSVAGINAL NOTES

Several surveys have been conducted to evaluate the pe-
rception of surgeons, gynecologists and female patients
concerning the procedurewm.

From a general point of view, findings show that wo-
men accept this procedure if they are assured it is as safe
and painless as conventional laparoscopic surgery and will
be performed by a surgeon who is skilled in the technique.
There are some clearly age-related factors that play an
important role in a patient’s decision-making: nulliparous
and younger women express concerns regarding sexual
function, fertility and cosmesis, whilst postmenopausal
women or women who do not want further children are
more disposed to accept this type of surgery[ss’sg].

The sutveys found that the major concern for the total
group of women was infection. Like women, surgeons and
gynecologists are influenced by patient age but their most
important concern was the increased risk of procedure-
related complications™*".

These findings suggest that as more evidence regarding
safety emerges, the transvaginal route for NOTES proc-
edures will be better accepted.

CONCLUSION

Current knowledge and experimental and clinical evidence
support the potential advantages of the vagina as a NOTES
approach. So far, this route represents the most successful
and widely accepted among all the other possible NOTES
approaches, and this is due mainly to the relative simplicity
of access and closure. Larger series are needed to delineate
the exact risks of this approach and to overcome cultural
barriers to this concept.

Prospective randomized trials will shed light on the
definitive role of the vaginal approach in minimal invasive
surgery of the future.
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