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1. Introduction

In recent decades, surgical specialties have experienced numerous changes and developments,
and minimally invasive surgical techniques have been adopted to reduce patient morbidity
(Branco et al., 2008a). Laparoscopy has a well-established role in the modern era of surgery.
Despite the difficulties in terms of learning curve early in the clinical implementation of this
method, almost all surgical specialties have adopted the minimally invasive surgical approach
as the gold standard. This results in less postoperative pain, shorter hospital stay, faster
recovery and better aesthetic results (Jin et al., 2009; Keus et al., 2010; Kondo et al., 2006).
Recently, a new minimally invasive surgical approach has been increasingly described in the
literature as NOTES (Natural Orifice Transluminal Endoscopic Surgery). This is an access to
the abdominal cavity without any incisions in the abdominal wall (scarless surgery), and the
natural orifices serve as the gateway to the peritoneal cavity. Thus, an endoscope is inserted
into the abdominal cavity through the stomach, vagina, bladder or colon (de la Fuente et al.,
2007). The first report of this surgical technique was described by Gettman et al. (2002), at
The University of Texas in 2002, which demonstrated that transvaginal nephrectomy in an
experimental animal model was feasible. Two years later, Kalloo et al. (2004) performed
transgastric liver biopsies at the Johns Hopkins University. After these initial reports,
several researchers have demonstrated the safety of the transgastric access to perform tubal
ligation (Jagannath et al., 2005), cholecystectomy (Park et al., 2005), gastrojejunostomy
(Kantsevoy et al., 2005), subtotal hysterectomy with oophorectomy (Wagh et al, 2005; Wagh
et al, 2006), splenectomy (Kantsevoy et al., 2006), gastric bypass (Kantsevoy et al., 2007),
nephrectomy (Lima et al., 2007) and pancreatectomy (Matthes et al., 2007), all based on
experimental studies in the porcine model.

Since 2007, reports of cholecystectomy (Branco Filho et al., 2007; Marescaux et al., 2007;
Zorrén et al., 2007), nephrectomy (Branco et al., 2008b) and tubal ligation (Kondo et al., 2009)
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using transvaginal NOTES in humans appeared in the literature. In this chapter we will
discuss Natural Orifice Transluminal Endoscopic Surgery with the vagina as the point of
entry into the abdominal cavity.

2. Overview of the previous studies

2.1 Transvaginal endoscopic access in animal models
The transvaginal endoscopic approach has been tested in animal models in General Surgery,
Urology and Gynecology.

2.1.1 General surgery

Several procedures in the field of General Surgery have been performed in animal models
by transvaginal endoscopic approach. Cholecystectomy is the simplest procedure for
training and it can be performed by the hybrid technique (transvaginal access associated
with transabdominal laparoscopic punctures) (Bessler et al., 2008; Horvath et al., 2009). or
by the purely vaginal approach (Sanchez-Margallo et al., 2009). The use of the hybrid
technique facilitates the procedure and is recommended at the beginning of training in
NOTES.

The repair of abdominal wall hernias using the endoscopic transvaginal approach has also
been studied by some authors (Lomanto et al., 2009b; Powell et al., 2010). Lomanto et al.
(2009b) performed 5 abdominal wall hernia repairs using a transvaginal approach. The
procedures were performed using a double-channel endoscope under general endotracheal
anesthesia. A mesh was placed and fixed to the abdominal wall using laparoscopic and
endoscopic standard equipment. The animals survived for 2 weeks and were subsequently
euthanized. At the autopsy all meshes were in place and mild adhesions were recorded in
one animal with a small subcutaneous abscess. In a study by Powell et al. (2010),
transvaginal placement of a large synthetic mesh to repair the hernia was feasible in seven
porcine animal models with a mean operative time of 133 minutes. No gross contamination
was seen at autopsy. However, five animals had positive mesh cultures; 7 had positive
cultures from the rectouterine space in enrichment broth or by direct culture. They
concluded that future studies need to be conducted to develop better techniques and
determine the significance of mesh contamination.

Even more complex surgical procedures such as partial gastrectomy (Nakajima et al., 2008)
and distal pancreatectomy (Allemann et al., 2009) have been successfully performed using
the endoscopic transvaginal access in animal model.

Lomanto et al (2009a) assessed the safety of transluminal surgery by investigating the
intraperitoneal bacterial load and contamination during transgastric and transvaginal
surgeries. Twelve female pigs underwent transgastric (n = 7; tubal ligation and oophorectomy)
and transvaginal procedures (n = 5; cholecystectomy), and all animals were sacrificed after 2
weeks. In the transgastric group, six animals completed the surgical procedures and survived.
Three pigs demonstrated signs of postoperative adhesions and abscesses with peritonitis and
Escherichia coli was isolated at autopsy. In the transvaginal group, cholecystectomy was
performed without any technical problems in the animals. No signs of postoperative sepsis or
bacterial growth were observed in the microbiologic samples. The authors concluded that the
transvaginal approach seemed to be safer and produced less contamination and intra-
abdominal sepsis, compared to the transgastric route.
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2.1.2 Urology

The first report of transvaginal NOTES in Urology was in 2002 by Gettman et al. They
performed six transvaginal laparoscopic nephrectomies in female pigs. In one renal unit, the
laparoscopic nephrectomy was completed entirely by way of the vagina. In five renal units,
a single, 5-mm transbdominal laparoscope was required to facilitate visualization. In one
case an uncontrollable vascular injury occurred during placement of the Endo-GIA stapler,
resulting in exsanguination. After this initial report, other authors published their
experience on transvaginal NOTES nephrectomy with success (Aminsharifi et al., 2009;
Clayman et al., 2007; Haber et al., 2009; Isariyawongse et al., 2008), using the hybrid or pure
technique. Also, Raman et al. (2009) demonstrated that the use of magnetically anchored
instrumentation can improve shortcomings of previously reported NOTES nephrectomies in
that triangulation, instrument fidelity, and visualization are preserved while hilar ligation is
performed using a conventional stapler without need for additional transabdominal trocars.
The exploration of the retroperitoneum's via NOTES using transvaginal access in a porcine
model was evaluated by Zacharopoulou et al (2009). An excellent view of the retroperitoneal
space and structures, such as the vascular and lymphatic tissues, the kidney, the adrenal
gland, and the ureter, was obtained.

2.1.3 Gynecology

Transvaginal endoscopic retroperitoneal lymphadenectomy in a pig model was first
demonstrated by Nassif et al. (2009). They performed three pelvic lymphadenectomies and
three retroperitoneal lymphadenectomies (inter-aortocaval, lateral-aortic and lateral caval)
successfully. The group of Clermont-Ferrand (CHU Estaing) (Bourdel et al., 2009) also
evaluated this access in the performance of retroperitoneal sentinel lymph node resection in
10 pigs. After injection of methylene blue in the paracervical region (Figures 1A and 1B), the
endoscope was inserted through a colpotomy incision on the right side. The internal iliac
vessels were visualized, followed by identification of the bilateral external iliac vessels, aorta
and vena cava (Figures 1C to 1E). The blue stained sentinel nodes were dissected bluntly
and removed (Figures 1F to 1I). The mean operative time was 56 minutes and the average
number of lymph nodes removed per animal was 1.75. After transvaginal NOTES
lymphadenectomy, a laparoscopic procedure was performed and the removal of 19 of 20
sentinel nodes was confirmed. No major complication occurred in 10 animals. Of the 19
sentinel nodes, 11 were located on the left side and 8 on the right side. Fifteen lymph nodes
were obtained from the iliac vessels or the region of the promontory and four from the pre-
aortic or lateral aortic regions.

2.2 Transvaginal endoscopic access in human cadavers

2.2.1 General surgery

Sugimoto et al. (2009) performed one case of transvaginal NOTES cholecystectomy in a human
female cadaver. The surgical time was 87 minutes and there was no major complication.

Some cases of transvaginal NOTES gastric bypass in human cadavers have been reported in
the literature (Hagen et al., 2008; Madan et al., 2008). Nevertheless, several factors made this
technique very challenging and time-consuming. A lack of proper instrumentation resulting
in insufficient tissue traction, countertraction, and instrument manipulation complicated
several steps during the procedure. A combination of flexible with rigid endoscopic
techniques offers specific advantages for aspects of this type of surgery. Changes in
instrument design are required to improve ergonomics in more complex endosurgical
procedures (Hagen et al., 2008).
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g - i
Fig. 1. Sentinel lymph node biopsy by retroperitoneal transvaginal NOTES in an animal
model. (A and B) Injection of methylene blue in the paracervical region. (C) Visualization of
the left kidney. (D) Identification of the right kidney and inferior vena cava. (E) Bifurcation
of the iliac vessels. (F, G, H and I) Removal of the blue-stained sentinel lymph node in the
region of the iliac vessels.

2.2.2 Urology

Allemann et al. (2010) described their experience with the pure transvaginal access for
exploration of the retroperitoneum in cadavers to simulate the procedure of nephrectomy,
adrenalectomy and pancreatectomy. The experiments were conducted in three fresh human
cadavers, warmed at room temperature for 12 hours. The colpotomy was performed on the
posterior wall of the vagina approximately 3 cm proximal to the posterior fornix. A posterior
and left lateral tunnel was created under direct vision, using open surgical and laparoscopic
instruments. Upon entry into the pararectal space, a 12mm dual channel endoscope was
introduced and the carbon dioxide insufflation was achieved through one of the channels. The
anatomic landmarks identified were the obturator nerve and artery entering the canal of
Alcock, the sacral nerves, the median rectal artery, external iliac vessels, the inferior epigastric
artery and the left lower pole of the kidney. The access was performed correctly up to the level
of the iliac vessels in three cadavers. In the first case, the frozen tissue prevented the complete
dissection up to the kidney. In the other two cadavers, the inferior pole of the kidney was
clearly visualized. The mean surgical access time was 52 minutes.
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Perreta et al. (2009b) confirmed the feasibility of the transvaginal retroperitoneal access for
nephrectomy in two cadavers but a complete dissection of the kidney was not possible
because of the rigor of the surrounding tissues. This access was also effectively reproduced
in a cadaver model for adrenalectomy by the same authors (Perretta et al., 2009a).

Aron et al. (2009) tried a novel port called QuadPort (Advanced Surgical Concepts,
Wicklow, Ireland) to perform transvaginal nephrectomy using standard and articulating
laparoscopic instruments in four fresh female cadavers. One procedure was aborted due to
dense pelvic adhesions from previous pelvic surgery. In the first 2 cadavers the assistance
from an umbilical port was required to divide the attachments between the upper renal pole
and the diaphragm. In the third case the dissection was completely performed by
transvaginal means using a flexible gastroscope.

2.2.3 Gynecology

The gynecology group of Clermont-Ferrand (CHU Estaing) also performed the endoscopic
approach for transvaginal retroperitoneal evaluation in cadavers, but the results were not
published. The same surgical steps described above by Allemann et al. (2010) were
performed in two cadavers with a mean operative time of 60 minutes (Figures 2A and 2B).

Fig. 2. (A) Retroperitoneal dissection prior to the sacral bone. (B) Identification of the
promontory and the bifurcation of the iliac vessels.

2.3 Transvaginal endoscopic access in humans

2.3.1 Use of the rigid endoscope

The vaginal access has been used to visualize pelvic and intra-abdominal organs since the
early 1900s, when it was called culdoscopy. On April 19, 1901, the Russian surgeon Dr. Dmitri
von Ott first described the ventroscopy through colpotomy in Trendelenburg position at the
Meeting of the Society of Gynaecology and Obstetrics of Saint Petersburg (Von Ott, 1902). In
1940, TeLinde was recognized as the author of one of the first accounts of rigid culdoscopy in
The United States (Frenkel et al., 1952). In 1942, Palmer introduced the rigid transvaginal
culdoscopy in a supine position (Brosens et al., 2003). In the same year, Decker (1952) invented
what became known as the Decker’s culdoscope, a rigid instrument with a light adjacent to the
lens at the distal end. Clyman (1963) used a rigid culdoscope to carry out several procedures,
such as lysis of adhesions, biopsies and aspirations of ovarian cysts.
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In 1999, Watrelot et al. described the fertiloscopy, a minimally invasive technique for
investigation of female infertility. It uses a minimally invasive transvaginal access to the
pelvic organs and generally combines the following diagnostic procedures:
hydrolaparoscopy (or hydropelviscopy), tubal patency test with methylene blue,
salpingoscopy, micro-salpingoscopy and hysteroscopy. The use of videoscopic instruments
inserted by transvaginal route to explore the pelvic peritoneal cavity is feasible and the
technique has been applied in thousands of patients with complication rates below 1%
(Gordts et al., 2008). Nohuz et al. (2006) retrospectively evaluated 229 women with primary
or secondary infertility without any condition that would justify a laparoscopy and who
could benefit from a fertiloscopy (Figures 3 to 5). Two hundred and three (88.6%)
procedures were successfully performed, revealing lesions in 58 cases (28.6%).

Fig. 3. Fertiloscopy: (A) Transvaginal access. (B) Posterior uterine wall. (C) Left fallopian
tube. (D) Right fallopian tube.
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Five complications (2.5%) were observed: two involving the rectum, two bleedings and a
postoperative salpingitis. The biggest drawback of the rigid endoscope is the inability to
explore the entire peritoneal cavity, especially the anterior uterine wall and the peritoneum
covering the surface of the bladder and broad ligaments (Hackethal et al., 2011).

Fig. 5. Ovarian drilling by fertiloscopy.

In 2011, Hackethal et al. tested two new rigid endoscopes that allowed adjustable angles of
view for evaluating women via transvaginal surgery: the 10mm rigid endoscope
EndoCAMeleon (Karl Storz, Tuttlingen, Germany) that allowed viewing angles ranging from 0
to 120 degrees and the EndoEYE LTF-VH (Olympus, Hamburg, Germany) with a flexible tip
that reaches an angle of 100 degrees. It was believed that the use of these new endoscopes
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could facilitate the surgical access and the visualization of the entire female pelvis. Four
patients with infertility (n = 3) and chronic pelvic pain (n = 1) were included in the study. They
concluded that these new endoscopes did not allow a good view of the anterior portion of the
pelvis to rule out endometriosis or other diseases. For transvaginal surgery with intent to
explore the pelvic cavity, non-rigid endoscopes are as easy to manipulate as the rigid
endoscopes and provide good visualization of the pelvic anatomy. The obvious disadvantages
of rigid endoscopes and its fixed axis of vision have not been overcome by these new
endoscopes. The inability of the endoscope be angled back to inspect the pelvic structures
undermines the efficiency of the diagnostic evaluation of the patient.

2.3.2 Use of the flexible endoscope

The first description of transvaginal endoscopic surgery was from 2007, when the team of
Professor Marescaux in Strasbourg performed a cholecystectomy via hybrid transvaginal
access (Marescaux et al., 2007). That same year, several reports of cholecystectomy using this
technique were published worldwide (Branco Filho et al., 2007; Dolz et al., 2007; Zorrén et
al., 2007). Since then, this access has been used to perform several procedures, including
nephrectomy (Branco et al., 2008b; Castillo et al., 2009; Kaouk et al., 2010; Ribal Caparros et
al., 2009), tubal sterilization (Kondo et al., 2009), liver resection (Noguera et al., 2008), sleeve
gastrectomy (Fischer et al., 2009; Ramos et al., 2008b), adjustable gastric banding (Michalik
et al, 2010), incisional hernia repair (Jacobsen et al., 2010), cancer diagnostic staging (Zorrén
et al., 2008), splenectomy (Targarona et al., 2009), retroperitoneoscopy (Zorron et al., 2010a)
among others.

More recently, some case series have been published (Alcaraz et al., 2010; Asakuma et al., 2009;
Cuadrado-Garcia et al., 2011; Hackethal et al., 2010; Horgan et al., 2009; Lehmann et al., 2010;
Niu et al., 2010; Noguera et al., 2009; Noguera et al., 2010; Palanivelu et al., 2008; Pugliese et al.,
2010; Ramos et al., 2008a; Sotelo et al., 2010; Zornig et al., 2010a; Zornig et al., 2010b; Zorron et
al., 2010b). In China (Niu et al., 2010), cholecystectomies were successfully performed via
laparoscopic assisted endoscopic transvaginal surgery. No intra- or postoperative
complications were observed. All patients were satisfied with the cosmetic results.

Linke et al. (2010) assessed the feasibility and safety of rigid-hybrid transvaginal NOTES
approach in routine practice for symptomatic cholecystolithiasis or acute cholecystitis in a
patient population with low selection. One hundred and two consecutive patients were
included in the study. Only two patients had conversion to conventional laparoscopic
cholecystectomy. There were no intraoperative complications. Two major complications
occurred: one stroke and one herniation within the transumbilical access. Minor
complications were reported in 13 patients (12.7%) and there were no serious postoperative
gynecological findings. At the 6t postoperative week, there were fewer dyspareunia
symptoms than preoperatively (p = 0.049). Likewise, Zornig et al. (2010a) reported that by
means of rigid laparoscopic instruments, transvaginal cholecystectomy can be routinely
performed.

Palanivelu et al. (2008) described the transvaginal approach for endoscopic appendectomy
in 6 patients. A totally endoscopic transvaginal appendectomy was successfully performed
for one patient. The other five patients were either converted to conventional laparoscopy or
aided by a laparoscope. The mean operating time was 103.5 minutes. Hospital stay varied
from one to two days. The vaginal wound was examined by the gynecologist and was found
to be completely healed within the first (7 days) and second (30 days) follow-up.
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Noguera et al. (2010) described 10 women with intra-abdominal infections treated successfully
with using hybrid NOTES by transvaginal access. The procedure was performed on an
emergency basis by the surgical team on call. The indications for surgery were 6 cases of acute
cholecystitis, 2 cases of acute appendicitis, and 2 cases of pelvic peritonitis.

Buesing et al. (2010) performed 14 cases of transvaginal assisted sleeve gastrectomies. Using
the transvaginal technique the number of trocars could be reduced by 1-2 and in all cases the
resected stomach was retrieved transvaginally. No complications occurred due to the
vaginal access.

Alcaraz et al. (2010) evaluated the feasibility of transvaginal NOTES-assisted laparoscopic
nephrectomy in female patients with and without renal cancer. Fourteen patients were
submitted to the procedure for T1-T3a NO MO renal cancer (n=10), lithiasis (n=2), or renal
atrophy (n=2). The procedure was completed in all patients. The mean operative time was
132.9 minutes and the mean estimated blood loss was 111.2ml. None of the patients required
a blood transfusion and the use of analgesics was low. The mean hospital stay was 4 days. In
one case, a major complication (a colon injury) occurred. The patient underwent surgery and
a temporary colostomy was performed.

A German NOTES register (Lehmann et al., 2010) included 551 patients on whom surgery
was performed in a 14-month period. Cholecystectomy accounted for 85.3% of all
procedures. All procedures were performed on women using the hybrid transvaginal
technique. Complications occurred in 3.1% of patients and conversion to laparoscopy or
open surgery in 4.9%.

Zorron et al. (2010b) reported a multicenter study of 16 centers in 9 countries which
included 362 patients who underwent transgastric and transvaginal NOTES. The most
common procedures were transvaginal cholecystectomy (66.3%), transvaginal
appendectomy  (10.2%), transgastric cholecystectomy (8.01%) and transgastric
appendectomy (3.87%), accounting for 88.38% of total procedures. The overall rate of
complications was 8.84%, including 5.8% of grades I and II complications and 3.04% of
grades Il and IV complications.

Zornig et al. (2010b) analyzed 108 women who underwent hybrid transvaginal NOTES
cholecystectomy with 192 women undergoing laparoscopic cholecystectomy and selected
100 patients in each group for comparison. The duration of the hybrid transvaginal
procedure was longer than the conventional laparoscopic cholecystectomy (52 vs. 35
minutes; p<0.001). There were no intraoperative complications. There was no statistically
significant difference regarding the need for reoperation, wound infections, consumption of
analgesics and length of hospital stay. Seventy-five women who underwent hybrid
transvaginal surgery and 73 undergoing laparoscopic cholecystectomy had intercourse after
surgery with no complaints.

Hensel et al. (2010) performed a retrospective case-controlled study comparing 47 women
undergoing transvaginal cholecystectomy with 46 women undergoing conventional
laparoscopic cholecystectomy. Women of the former group reported less postoperative pain
(<0.001), less nausea or vomiting (p<0.001) and a lower analgesic consumption in both
opiates (p<0.001) and non-opiates (p<0.001). Furthermore, the duration of stay in recovery
room was shorter in the former group (40 minutes vs. 60 minutes, p<0.001). The rate of
general and surgical complications was lower in the transvaginal group (1/47) compared to
the laparoscopic group (4/46). In 9 women undergoing transvaginal cholecystectomy
negligible vaginal bleeding was seen which stopped spontaneously in each case.
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3. Preoperative preparation

The transvaginal access requires no special prior preparation. The only important step is the
gynecological evaluation preoperatively to rule vulvovaginitis. In the presence of vaginal
infections, we recommend antibiotic treatment at least one week before surgery in order to
avoid pelvic infectious and its associated complications which result from the introduction
of microorganisms into the peritoneal cavity during the development of the transvaginal
access.

It is important to obtain the informed consent from the patient, especially in the young and
nulliparous women. Although not frequent, the transvaginal access can lead to colpotomy-
related dyspareunia postoperatively and only a few studies¢® 83 have evaluated this potential
complication with favorable results. In addition, the scar on the posterior vaginal fornix and
the posterior cul-de-sac, can lead to the development of which can complicate a future
pregnancy in nulliparous women.

The most important point of evaluation and preoperative preparation is the careful selection
of patients for transvaginal endoscopic surgery. Although the surgical indications are the
same, regardless of the approach being used, some relative and absolute contra-indications
must be respected when this new access route is used.

3.1 Contra-indications

The transvaginal endoscopic access cannot be applied to all patients. There is no work

showing what would constitute relative and absolute contraindications to the procedure,

but based on our experience, we cite the following situations as potential
contraindications:

- Deep endometriosis: the patients with severe endometriosis often have their lesions
located posterior to the uterus, either in utero-sacral ligaments, in the retrocervical
region or in the rectovaginal septum. This prevents access to the pelvic cavity
through the posterior fornix of the vagina due to the high risk of iatrogenic injuries of
adjacent organs during the creation of the access to the pelvic cavity. Also, the
presence of resulting intense inflammatory/fibrotic disease hinders access to the
cavity.

- Suspected adnexal lesions: all suspicious adnexal lesions are to be addressed with
surgical oncologic principles. The precariousness of endoscopic instruments still makes
meticulous surgical gestures difficult using this access. We cannot expose patients to the
risk of a possible rupture of a malignant adnexal lesion and consequent contamination
of the pelvic cavity with tumor cells.

- Previous pelvic surgery and history of pelvic inflammatory disease: surgical procedures
in the pelvic region and previous episodes of pelvic inflammatory disease may lead to
the formation of dense adhesions in this region and the instruments currently available
for the performance of transvaginal endoscopy does not facilitate the perfect exposure
and careful dissection which is required to access areas of the pelvis with large amount
of adhesions.

- Complex surgical procedures: the lack of triangulation of the instruments and the
endoscope image obtained through the retroflected view (upside down and mirror) do
not allow complex surgical gestures can be accomplished.
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4. Decision-making, anatomy, and key steps in the operations

Briefly, the important criteria for selecting patients for endoscopic surgery by transvaginal

access include:

- Surgical indication for the proposed procedure (independent of the surgical route to be
used).

- Female patient.

- Experience of the surgical team with advanced laparoscopic surgery, transvaginal
access, and rigid and flexible endoscopic equipment.

- Absence of contraindications to the access.

4.1 Surgical technique

The patient is positioned in the dorsal lithotomy position with the legs in stirrups and the
arms tucked at her sides. An orogastric tube and a Foley’s catheter are placed. A
prophylactic antibiotic (1g of cefazolin) is administered after induction of anesthesia. The
surgical field (vaginal cavity) is prepared with povidone iodine or chlorhexidine solution.
The transvaginal access can be performed under direct vision (posterior colpotomy) or
guided by laparoscopy.

4.1.1 Transvaginal access by direct visualization (Branco et al., 2008a; Kondo et al.,
2009)

A Sims speculum is inserted in the vagina, and the posterior lip of the cervix is grasped by a
Pozzi clamp. The vaginal walls are retracted by 2 lateral retractors, and anterior traction is
given to the cervix to stretch the posterior fornix. The vaginal mucosa in the posterior cul-
de-sac is opened at the cervico-vaginal junction by a semilunar 2.5-cm incision. The
posterior margin is grasped by 1 Allis forceps, and sharp dissection is performed with the
index finger. The posterior cul-de-sac peritoneum is identified and opened (Figure 6).

oneam

Fig. 6. Vaginal access by direct visualization.
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The endoscope is inserted into the pelvic cavity (Figure 7), carbon dioxide insufflation can
be achieved via a working channel of the endoscope or through a nasogastric tube
connected externally to the endoscope, allowing for the introduction of forceps in each
working channel (Figure 8).

Fig. 8. Preparation of endoscope securing a nasogastric tube to the dual-channel endoscope,
through which carbon dioxide was inflated to obtain the pneumoperitoneum.
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4.1.2 Transvaginal access via laparoscopic guidance (Zorron et al., 2010b)

The surgeon is placed standing between the patient’s legs; the first and second assistants
stand on the left and right sides of the patient, respectively. In this setting, 2 visualization
systems, one for the abdominal laparoscopic camera and the other for the TV flexible
endoscope, are used. The procedure starts with a Veress puncture through an incision in the
umbilicus to avoid a visible scar. Pneumoperitoneum is then insufflated through the Veress
needle.

A 5-mm trocar is inserted, and a 5-mm laparoscopic optic used to inspect the abdominal
cavity. To avoid the risk of injuring pelvic organs, some surgeons perform a thorough
examination of the pelvis, looking for adhesions that might prohibit the TV cul-de-sac
puncture. In patients who had had a previous hysterectomy, or unknown endometriosis,
adhesions obliterating the pouch of Douglas contraindicate the further vaginal insertion of
the trocar and conversion to formal laparoscopy is usually indicated. After inventory, a
longer 10- to 12-mm laparoscopic trocar is inserted in the vaginal posterior cul-de-sac under
laparoscopic guidance (Figure 9). The endoscope is progressed after extraction of the
laparoscopic trocar.

Fig. 9. Placement of transvaginal trocar guided by laparoscopy.

4.1.3 Technical details of the procedure

Technical details of the entire procedure vary according to the surgery to be performed.
Here we focused on technical variations that exist specifically for transvaginal NOTES
access, regardless of the structure to be operated on.

Four distinct techniques for transvaginal NOTES cholecystectomy have been described by
different centers, regarding pure natural orifice surgery or combined hybrid techniques to
facilitate efficiency and safety for the procedures (Zorron et al., 2010b):
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Totally NOTES dual scope method (de Sousa et al., 2009): utilizes two endoscopes
inserted via the vaginal route (one single-channel gastroscope with the insufflation tube
attached and one double-channel colonoscope). The former was used to retract the
gallbladder and the latter to perform the cholecystectomy, thus avoiding the necessity
of using transabdominal puncture for the introduction of laparoscopic forceps to expose
the gallbladder (Figure 10).

Fig.

10. Totally NOTES cholecystectomy (de Sousa et al., 2009) using two endoscopes. (A)
One endoscope is used to retract the gallbladder. (B and C) The second endoscope is used to
perform the procedure. (D) The gallbladder is retrieved from the abdominal cavity using an
endoscopic polypectomy snare.

Hybrid NOTES with transvaginal access and abdominal laparoscopy: laparoscopy was
used in this technique for purposes such as safe access, visualization, and dissection,
usually accomplished by endoscopic instruments or laparoscopy. Avoiding maximally
the difficult endoscopic dissection and instrumentation, this method allowed for faster
operations in a similar critical laparoscopic view (Figure 11 and 12).

Transvaginal multipurpose port with flexible surgery: vaginal access and dissection were
obtained by a transvaginal port (local adapted trocar) that permitted independent entry of
the flexible endoscope (double-channel colonoscope), insufflation channel from a
laparoflator, and semiflexible instruments used for retraction, cutting, and clipping using
transvaginal laparoscopic titanium clips. Dissection was accomplished by available
flexible endoscopic instruments, such as as polipectomy snares and hot-biopsy forceps.
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Fig. 11. Placement of a transumbilical trocar (yellow circle) guided by transvaginal
endoscopic vision.
|

A
4

o

Fig. 12. (A) The surgeon is placed standing between the patient’s legs. (B) One conventional
laparoscopic instrument (red circle) placed transumbilically (hybrid NOTES).

- Transvaginal trocars (flexible or rigid optic) combined with umbilical minilaparoscopy:
pneumoperitoneum was achieved by umbilical Veress needle puncture. After
insufflation, opening of the posterior vaginal fornix was performed by direct vision to
allow the introduction of a 1- or 2-channel gastroscope in the abdominal cavity. By
retroflected view, a specially designed long 10-mm trocar was placed in the vagina,
parallel to the endoscope. Two 3-mm trocars were placed transumbilically under direct
endoscopic vision. Dissection of Calot’s Triangle was performed using endoscopic
instruments such as hot-biopsy forceps, polipectomy snares, endoscopic hook, and the
umbilical 3-mm instruments. Cystic duct and artery were dissected and clipped using
long laparoscopic clipator through the vaginal trocar.

NOTES appendectomies through vaginal access have been performed using direct access to

the cavity with or without umbilical laparoscopic assistance. Usually the appendix could be

managed without endoscopic retroflection, or using vaginal rigid camera. Although a

simple solution would be to perform the dissection through umbilical trocar, most teams

used endoscopic dissection with hot-biopsy forceps and polypectomy snare. In case of need

for peritoneal lavage due to pus, transvaginal endoscopic aspiration was performed or a

laparoscopic irrigator aspirator was used (Zorron et al., 2010b).
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For the endoscopic tubal sterilization (Kondo et al., 2009), a uterine manipulator was
positioned to facilitate exposure of the tubes for the procedure (Figure 13). The tubes were
coagulated and transected using endoscopic instruments inserted through the flexible
endoscope with dual working channel (Figure 14).

Fig. 13. The manipulation of the uterus using a uterine manipulator allows excellent
exposure of the posterior cul-de-sac.

Uterus

Fig. 14. Transvaginal endoscopic tubal sterilization.
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4.1.4 Closure of the vagina
After the procedure, the posterior cul-de-sac and the posterior vaginal fornix are closed with
a running 2-0 vicryl suture.

5. Surgical tricks

The presence of an endoscopist in the operating room is of paramount importance in the
early learning curve, since he is more familiar with the performance of the maneuvers using
the flexible endoscopic equipment.

The use of hybrid technique (endoscopic transvaginal access associated with

transabdominal punctures) seems to be a natural transition from the traditional laparoscopic

approach to surgery by natural orifices. Some details, which were previously discussed,
highlight the measures, which serve to increase the safety of this method and reduce risks to
patient:

- Execution of laparoscopic-guided vaginal access: access to the abdominal cavity
through the vagina was known long ago by gynecologists (Box et al., 2009), but general
surgeons are not familiar with this surgical approach. In this case, we recommend the
creation of the pneumoperitoneum through the umbilicus, followed by placement of
trocar. With the use of a 5-mm laparoscope and the placement of the patient in
maximum Trendelenburg position, the posterior cul-de-sac is exposed. At this surgical
step, the placement of a curette through the cervix assists with uterine manipulation
(uterine anteversion), allowing to the correct exposure of the posterior cul-de-sac. Thus,
one can introduce a trocar through the posterior vaginal fornix under direct vision.

- Hybrid NOTES: hybrid techniques have been used in most case series published to
date. The endoscope with two working channels is introduced by vaginal route for the
flexible endoscopy forceps and the surgeon uses one or more additional conventional
laparoscopy instruments positioned by the transabdominal route for easy handling and
checking of structures to achieve triangulation for more complex procedures.

- The use of long rigid endoscope by transvaginal route is also an option for surgery of
upper abdomen. In the case of pelvic surgery, requiring a retroflected view, this
modification method is not applicable.

6. Postoperative care

The patient is given a clear liquid diet 6 hours after the procedure and a regular diet the
following morning. Intravenous dypirone (1 g per 6 hours) is administered for pain relief
and usually no supplemental analgesia is necessary.

If the postoperative course is uneventful, patients can be discharged on the first
postoperative day. They must be advised to avoid vaginal intercourse for 40 days.

The other postoperative recommendations are inherent to the surgical procedure, varying
according to the type of surgery for which the patient was referred.

7. Impact of the technique on modern practice

The use of less aggressive surgical techniques for patients is the goal of modern surgery. The
surgical approaches by natural orifices have arisen for this purpose and their role in clinical
practice should be established in the future. So far, only a few centers have performed this
type of surgery, with promising results.
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The transvaginal endoscopic approach has several potential advantages (Dubcenco et al.,

2009; Tonouchi et al., 2004):

- Good acceptance by patients, since it leaves no scars on the abdomen.

- Mirrors laparoscopic surgery.

- Associated with minimal morbidity.

- Allows viewing of all the pelvic anatomy.

- Minimal postoperative pain.

- Limited postoperative recovery time.

- Prevents hernias in trocar ports and can decrease the formation of intra-abdominal
adhesions.

The disadvantages of this method include:

- Inability to use in all patients (see contraindications) and in men.

- Need for a long learning curve.

- Need for prolonged periods of sexual abstinence after the procedure to complete
vaginal healing.

Fig. 15. Hybrid NOTES cholecystectomy. Both endoscopic instruments work in parallel,
without triangulation.

7.1 Difficulties
As NOTES involves the use of a flexible scope in a large abdominal cavity, with operating
instruments in line with the light source, difficulties associated with poor visibility,
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maintenance of spatial orientation, maneuverability and grasping are evident. These
technical difficulties are well demonstrated in the literature for the transvaginal NOTES
(Branco et al., 2008b; Branco Filho et al., 2007; Kondo et al., 2009):

Flexibility of conventional endoscopes: allows limited control of instruments during
surgery.

Lack of triangulation: the instruments are inserted through the two working channels of
the flexible endoscopes, arriving in parallel into the peritoneal cavity, which restricts
the movements of the surgeon (Figure 15).

Lack of stability of the endoscope: the endoscope does not remain stationary within the
peritoneal cavity during surgery; thus optimal surgical exposure is constantly lost.
Moreover, the commensurate movement of the instruments and the endoscope results
in loss of the surgical field of view.

Retroflected view (U-turn): pelvic surgery is performed with retroflected view, which
implies an image upside down and reversed, making difficult the notion of
movement of the instruments and the endoscope. It is not always possible to obtain a
front view with U-turn, and often a lateral view is obtained, which makes the
procedure more laborious (Figure 16). This is not a problem for surgeries of upper
abdomen.

Fig. 16. U-turn to visualize the pelvis. (A to C) The endoscope is turned to inspect the pelvis
and the image obtained is lateral. (D) The image is upside down and reversed when the
entire pelvis is visualized.
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8. Recommendations and conclusions

NOTES using the vagina as an entry point to the peritoneal cavity is very promising and
several surgical procedures have been performed using this route. With the development of
new instruments and platforms that facilitate handling and stabilization of flexible
endoscopes, the surgical approach has the potential to have broad clinical applications in the
future.
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