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Natural orifice transluminal endoscopic surgery (NOTES)
has attracted considerable recent attention for its potential
to allow traditional abdominal procedures to be performed
without a transabdominal incision. With considerable
experience in the development and application of
minimally invasive techniques, urologists have played a
significant role in early experimental NOTES efforts and
have contributed to early investigations in human subjects
accordingly. However, adoption of these techniques has

been limited due to cumbersome endoscopic equipment
and concerns regarding peritonitis from failed viscerotomy
closure. Experience with use of NOTES in human
subjects is limited, and studies comparing NOTES to
conventional minimally invasive techniques are lacking.
Until adequate endoscopes are developed to facilitate a
pure NOTES approach, multiple portals of entry will
be necessary to facilitate both urologic and non-urologic
reconstructive and extirpative procedures. Our aim is
to evaluate NOTES techniques, portals of entry, early
clinical experiences, and the application of NOTES to
urologic surgery.
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Introduction

Minimally invasive surgery has dramatically evolved
over the past two decades, and randomized clinical
trials comparing open and laparoscopic procedures
have demonstrated reduction in post operative pain,
faster convalescence, and a decreased frequency
of wound related infections.! With increasing
experience and improvements in technique, complex
reconstructive procedures performed via a laparoscopic
or robotic assisted route have become routine across
surgical subspecialties. Natural orifice translumenal
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endoscopic surgery (NOTES) has attracted recent
interest for its potential to allow intra-abdominal
surgical procedures to be performed entirely through a
natural orifice, facilitating “scarless” or truly minimally
invasive surgery. Interest in endoscopic intra-
peritoneal procedures developed from the observation
that minimal sequelae resulted from accidental
viscerotomies during gastroscopic and colonoscopic
resections.? This idea has conceptually evolved to
comprise insertion of an endoscopic instrument
through a natural orifice (mouth, anus, vagina, urethra),
followed by viscerotomy to gain intraperitoneal
access.’ Although the premise is simple, the reality
of performing these procedures is severely limited by
access to the target organ, developing technologies, and
the potential for catastrophic infectious complications.
For these reasons current investigations are in early
development, and application in human subjects
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has only recently been reported.*¢ The goal of this
article is to evaluate current experimental NOTES
techniques, the potential advantages and limitations
of the differing portals of entry, review early clinical
experiences, and discuss the application of NOTES to
urologic surgery.

Considerations with natural orifice surgery

Proposed advantages of NOTES over traditional open
and minimally invasive techniques are primarily the
result of avoiding transabdominal incisions. Benefits
include reduced incidence of surgical site infections,
intra-abdominal adhesions, incisional hernias, and post
surgical scarring for improved cosmesis.” Quality of life
benefits include reduced postoperative pain, need for
anesthesia and analgesia, and earlier convalescence.?
Economic considerations include a reduced cost of
hospital stay and postoperative complications, and
the ability to perform more same day or outpatient
procedures. With increasing experience, NOTES
procedures may also be more efficacious in morbidly
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obese patients in which a abdominal incision is not
feasible or critically ill patients that are too unstable
to be transported from the intensive care unit.>® It is
important to clarify that these potential benefits are
speculative in nature since evidence from randomized
prospective clinical trials are lacking to support any
benefit over traditional surgical techniques.

Initial experimental studies using porcine models
have demonstrated technical feasibility of a wide
range of NOTES procedures. However, these reported
successes primarily consist of trial and error techniques
performed with flexible endoscopicinstruments. Several
factors need to be considered when choosing a portal of
entry, including ease of access, potential for infectious
complications, security of closure, maximum diameter
for instrument insertion and specimen retrieval,
and relation to target anatomy, Table 1.> Compared
to contemporary laparoscopic and robotic assisted
platforms, NOTES is limited by reduced visibility,
maneuverability, and ability to triangulate instruments.
Lack of adequately designed instrumentation is a major
impediment to clinically adopting these techniques

TABLE 1. NOTES portals of entry with respective advantages and disadvantages

Transvaginal
advantages

Transgastric

Direct visualization
of pelvis

Direct visualization
of upper abdomen

Familiar anatomy Familiarity with

conventional equipment

Minimal risk
of peritonitis
Reliable access and
closure techniques

Few limitations to rigid
and flexible instrumentation

Suitable for specimen
extraction
Disadvantages

Only applicable in less
than 50% of patients

No reliable technique
for gastrotomy closure

Unknown effects on
patient fertility and
sexual function

Risk of peritoneal
contamination

Need to reposition
patient

Unsuitable for large
specimen extraction

Retroflexion needed to

visualize upper abdomen

Transcolonic Transvesical

Direct visualization
of upper abdomen

Direct visualization
of upper abdomen

Suitable for
specimen extraction

Familiar anatomy

Minimal risk

of peritonitis
Familiarity with
conventional equipment

No reliable technique
for colostomy closure

No reliable technique
for cystotomy closure

Risk of peritoneal
contamination

Unsuitable for large
specimen extraction
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and is the focus of considerable attention in current
investigations. In addition to being more technically
demanding, described techniques of NOTES entry
and access closure have significant associated risks of
peritoneal contamination and infectious complications
regardless of portal of entry. In addition, NOTES is also
subject to the known risks of traditional laparoscopic
access including air embolism, vascular, and visceral
injury.” Techniques to control portal of entry sepsis lack
a standardized approach in current studies. Although
these techniques need to be tailored to specific entry
sites, they will likely include antibacterial lavage
in addition to intravenous antibiotic prophylaxis.?
It is clear that further developments in endoscopic
instrumentation and investigations examining access
and closure techniques are vital to the continued
evolution of NOTES and its integration into clinical
practice.

Transvaginal access

Considerations
Culdoscopy, or transvaginal access to the abdominal
cavity, been utilized in various forms since the early
1900’s,” and has evolved to encompass outpatient
diagnostic procedures for evaluation of infertility with
modest incidences of access failure or complications
documented in large series.!” Advantages to a
transvaginal approach include ease of access, reliable
secure closure methods with minimal risk of infectious
complications, direct line of sight relationship to
target anatomy, and maximal diameter for instrument
placement and specimen removal."!" The vagina
has already been utilized for specimen removal in
traditional extirpative laparoscopic procedures,
including cholecystectomy.'? Gill et al reported a series
of 10 patients undergoing laparoscopic nephrectomy
with vaginal specimen extraction. Removal of the
surgical specimen and colpotomy cloure required
repositioning in the supine position but was able to
be performed efficaciously (mean 35 minutes), with
no postoperative complications and minimal patient
discomfort.”” Vaginal extraction has subsequently
been described for a number of urologic procedures
including nephroureterectomy'* and cystectomy.'s

In appropriate subjects vaginal access may be
optimal when compared to other NOTES portals
of entry. Significant concerns exist regarding the
infectious risks of gastrointestinal contamination of the
peritoneum with NOTES access; furthermore, lack of
reliable gastrotomy and colostomy closure mechanisms
has limited the clinical application of NOTES in human
subjects. In contrast, reliable reproducible techniques of
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gaining transvaginal intraperitoneal access have been
described with minimal complications'® and a secure,
watertight closure of the vaginal cuff with minimal
infectious sequelae is attainable utilizing traditional
instrumentation.”” It has also been postulated that
closure of the vaginal cuff may be unnecessary following
gynecologic procedures and that spontaneous colpotomy
closure is possible without negative sequelae.”® Despite
enthusiasm regarding this approach, there are special
considerations with transvaginal NOTES procedures
which currently remain unaddressed, including upper
abdominal bacterial contamination as well as quality
of life and sexual function following a vaginal incision.
Another significant disadvantage is that transvaginal
access can only be utilized in less than 50% of patients.
In addition, there are well documented contraindications
to obtaining transvaginal access, including obliteration
of the pouch of Douglas, a fixed retroverted uterus, and
previous cervical or pelvic radiation.'" Despite these
limitations, of all NOTES portals of entry, a transvaginal
approach is currently the most applicable to human
study.

Early porcine and human experiences

Early porcine experiments have demonstrated the
feasibility of a transvaginal approach to perform NOTES
urologic procedures, Table 2. In the first published work,
Gettman et al reported their experience performing
six transvaginal nephrectomies in four female pigs.
In one case a nephrectomy was completed utilizing a
single transvaginal port whereas in the other five cases
an additional 5 mm transumbilical port was utilized
for visualization and instrument triangulation. In all
cases the specimen was extracted from the vagina and
in no instance was the vagina closed.”” Subsequent
porcine experiments have been described including a
nephrectomy via an umbilical port and transvaginal
TransPort Multi-Lumen Operating Platform (USGI
Medical, San Clemente, Ca),* pure NOTES transvaginal
nephrectomy* and cholecystectomy® using magnetically
anchored instruments, and pure NOTES retroperitoneal
nephrectomy®and adrenalectomy.? In each investigation
above, the authors concluded that upper abdominal and
retroperitoneal renal surgery is technically feasible via a
transvaginal approach with minimal sequelae, with the
caveat that available instrumentation currently limits
step application to human studies.

Attempts to overcome equipment limitations have
led to the investigation of combined NOTES procedures
utilizing hybrid dual access in porcine models.
Successful performance of combined transgastric and
tranvaginal procedures including nephrectomy?®%
and renal cryosurgery® have recently been described.
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TABLE 2. Urologic porcine NOTES investigations

Study Portal  No. subjects/ Hybrid vs. dual Urologic Complications
of entry No. NOTES vs. pure procedure
experiments NOTES
Gettman et al” vV 4/6 5/6 hybrid -5 mm  Nephrectomy Vascular
midline port injury (1)
1/6 Pure NOTES
Lima et al® TG, TVE 6/6 Dual NOTES Nephrectomy None
Clayman et al* TV 1/1 Hybrid Nephrectomy None
12 mm midline port
Multi-lumen
operating platform
Isariyawengse et al® TG, TV 1/2 Dual NOTES Nephrectomy None
Crouzet et al” TG, TV 2/4 Dual NOTES Renal cryoablation None
Haber et al® vV 10/30 Hybrid Pyeloplasty (10) None
2.6 cm umbilical port Partial nephrectomy (10)
da Vinci platform Nephrectomy (10)
Box et al*® TV, TC 1/1 Hybrid Nephrectomy None
12 mm midline port
da Vinci platform
Raman et al* vV 2/2 Pure NOTES Nephrectomy None
MAGS stabilized
Platform
Perreta et al® vV 10/10 Pure NOTES Nephrectomy None
Perreta et al* vV 2/4 Pure NOTES Adrenalectomy None
Haber et al* vV 5/5 Pure NOTES Nephrectomy None

TV = transvaginal; TG = transgastric; TVE = transvesical; TC = transcolonic

Other recent novel investigations have included the
application of the da Vinci platform (Intuitive Surgical,
Sunnyvale, CA) to NOTES procedures. Box et al
recently reported a porcine nephrectomy utilizing the
da Vinci S robot through a single 12 mm umbilical port
and two 12 mm transvaginal and transcolonic ports,
with the intact specimen removed via the vagina.
Since this was an acute non-survival experiment,
closure of the colpotomy was not addressed.?® In
a similar application, Haber et al recently reported
their experience performing reconstructive urologic
procedures (10 pyeloplasties, 10 partial nephrectomies,
and 10 nephrectomies) using a single 2 cm umbilical
incision and a second robot arm placed through a
vaginal port in a porcine model.” While they were
able to avoid use of a transgastric or transcolonic port,
the mean size of the umbilical incision was 2.6 cm.
However these applications demonstrate that hybrid
transvaginal procedures may be most ready for
widespread human application.
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Over the past 5 years, the first small clinical series
of successful transvaginal human cases have been
reported. There have been multiple reports of hybrid
transumbilical and transvaginal cholecystectomies,***!
and recently the performance of a pure NOTES
cholecystectomy was described.* Urologic procedures
in human subjects, primarily nephrectomies through
a hybrid approach, have also been recently reported,
Table 3. In 2008 Branco et al described their experience
performing a NOTES simple nephrectomy via a
transvaginal port with two additional 5 mm abdominal
ports in a 23-year-old female with a nonfunctioning
chronically infected right kidney.* In this case report
the total procedure time was 170 minutes with an
estimated blood loss of 350 cc without intraoperative
or postoperative complications, and the patient was
discharged 12 hours following her procedure. In
2009, Kaouk and colleagues reported performing a
hybrid NOTES transvaginal nephrectomy utilizing
an additional 5 mm umbilical port needed for colon
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TABLE 3. Urologic human NOTES investigations

Study Portal of No. Port Urologic Complications
entry subjects placement procedure
Gettmanetal”  TVE 1 Hybrid standard Peritoneoscopy ~ None
RALRRP port
placement
Branco et al® 8% 1 Hybrid Nephrectomy None
5 mm abdominal
ports x 2
Kaouk et al* vV 1 Hybrid Nephrectomy None
5 mm abdominal
port x 1
Sotelo et al® TV 4 Hybrid Nephrectomy Renal injury (1)
5 mm umbilical failure to progress (1),
port upper pole hemorrhage (1)

TV = transvaginal; TVE = transvesical; RALRRP = robotic assisted laparoscopic radical retropubic prostatectomy.

retraction and lysis of adhesions.* Total operative
time was 307 minutes, there were no complications,
and the patient was discharged home after 23 hours.
In the largest series to date, Sotelo et al reported the
performance of transvaginal NOTES procedures
utilizing a transumbilical assistant port in four
women.* Unfortunately, the first three procedures were
converted to standard laparoscopy due to rectal injury
during vaginal entry, failure to progress, and upper
polebleeding. These complications illustrate that there
is a very steep learning curve with the application of
novel surgical techniques and that judicious caution
is necessary with the application of NOTES in human
subjects. In all of the above experiences transvaginal
access was obtained through a posterior colpotomy
using traditional instruments with primary closure of
the vaginal wall. While encouraging results have been
reported, it is doubtful that pure transvaginal NOTES
urologic procedures will be possible until improved
instrumentation is available.

Transgastric access

Considerations

Enthusiasm for transgastric access to the peritoneal
cavity was predicated on long term success with
performing percutaneous endoscopic gastrosomy tube
placement and the low associated risk to surrounding
visceral structures when performing an anterior wall
gastrotomy.* Due to familiarity with gastroscopic
techniques, the transgastric route was a natural choice
for early NOTES porcine investigations.® However,
early barriers to success in these studies included
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endoscopic access to the peritoneal cavity, visualization
of the upper abdomen, and endoscopic gastrotomy
closure.”

Described gastrotomy techniques for transgastric
peritoneal access include blind puncture with an
electrosurgical needle knife followed by dilation of
the resultant transmural access tract with either a
sphincterotome or wire guided dilating balloon.*%
Although creation of a transmural gastrotomy
facilitating endoscope placement is feasible and
reproducible, there are several implicit risks to these
techniques including risk of hemorrhage, leakage of
insufflation through the access point, and difficulty
reapproximating the gastrotomy edges.* An additional
observation in early porcine experiments was that
visualization of the upper abdomen, including the
retroperitoneum, is limited with transgastric peritoneal
access. In contrast to pelvic organs which are in
the direct line of vision of a transgastric endoscope,
retroflexion is required to access the upper abdominal
structures, limiting available instrumentation and
resulting in a more technically challenging procedure.*!
Instrument design limitations including excessive
flexibility as well as inadequate grasping and retraction
technology also restrict the performance of complex
reconstructive procedures at this time.*?

Multiple techniques of creating a watertight
gastrotomy closure have been described in early
NOTES investigations. In the earliest reported porcine
feasibility studies, spontaneous closure® and use of
simple endoscopic clips to approximate the gastrotomy
edges®” were described, although there are concerns
that existing endoscopic clips may not reliably be able
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to grasp the thickened and edematous stomach edges
following a long procedure and prevent peritoneal
contamination. Although iatrogenic and pathologic
gastric perforation have been reported to spontaneously
heal with conservative measures, limitations in current
endoscopic equipment coupled with the risks of
peritonitis and sepsis prevent spontaneous closure from
being a viable option in human trials. Various novel
endoscopic suturing devices have been developed to
achieve a full thickness stomach closure, including
T-tag tissue anchor systems,*** the EndoCinch device
(Davol, CR Bard, Billerica, MA),*” and the Eagle Claw
device (Olympus America, Inc., Center Valley, PA).%
While it is intuitive that a full thickness closure would
provide a more water tight and durable repair, there
is currently no accepted technique as each method is
technically demanding and all remain experimental.
Full thickness endoluminal stapler devices are currently
under investigation but at this time length of stapler
and device articulation are limited by the size of
commercially available endoscopes.” Gastrotomy
occlusion with a PEG tube* and omentoplasty*
have also been described as potential less technically
demanding closure techniques. It is possible that with
technological advances, small caliber endoscopes may
obviate the need for gastrotomy closure in the future.*
Limitations with all of the described techniques include
the potential for injury and perforation of organs outside
the stomach due to blind needle puncture, limited ability
to retroflex the endoscope with closure needles in the
working channel, and chronic inflammatory effects of
foreign bodies in the stomach wall.*

Early porcine and human experiences

In the first animal study reported, Kalloo et al described
their initial experience performing transgastric
peritoneoscopy and biopsy in a porcine model using
endoclips to close the gastrotomy.* Subsequent porcine
feasibility studies have included gastrojejunostomy,”
lymphadenectomy,’® partial hysterectomy,”
oopherectomy and tubal ligation,” cholecystectomy,”
appendectomy,*and splenectomy.” The majority of these
studies were performed entirely through a transgastric
access or as a combined approach in conjunction with
a traditional transabdominal access port with no
standardized method of gastrotomy closure. Although
all of the above procedures were successfully completed
using NOTES technology, a significant proportion were
completed using trial and error techniques, and were
often tedious and technically demanding to perform.
In addition, although the endoscopic view afforded
by a transgastric NOTES approach may facilitate
pelvic urologic surgery, retroperitoneal extirpative and
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reconstructive procedures would be severely limited by
the degree of retroflexion required to achieve adequate
visualization. Therefore the general consensus is that
this technology remains in its infancy, and until further
technical advances are made, use in human subjects
will be limited.

Investigations in human subjects have only recently
been reported. In 10 patients scheduled to undergo
diagnostic laparoscopy for evaluation of a pancreatic
mass, Hazey et al reported successful transgastric
access and diagnostic peritoneoscopy. They reported
no complications related to access, and retroflexion
prevented visualization of the upper abdomen in
only two patients. Since all 10 patients proceeded
to immediate exploration for palliation or definitive
treatment of disease, these authors did not address the
issue of gastrotomy closure.*® In their case report Marks
et al described successful replacement of a dislodged
feeding tube at the bedside via a transgastric approach
without complications at 30 days post procedure.”
Intensive care unit patients represent an intriguing
population for the application of these new techniques
as they may obviate need for general anesthesia or avoid
the morbidity of a more invasive surgical procedure.
More recently, Sodergren et al reported their experience
performing hybrid transvaginal and transgastric
cholecystectomies in 16 patients (10 transvaginal,
and 6 transgastric). With a mean operative time of
120 minutes, patients were discharged on the second
postoperative day with no complications.®® To date,
urologic experience with transgastric NOTES has been
extremely limited and has only been investigated in
experimental models. In the earliest published report,
Lima et al discussed the feasibility of performing
four right and two left nephrectomies via a combined
transgastric and transvesical approach in a non-survival
porcine model.®* They reported no complications with
obtaining access, and were able to perform the hilar and
ureteral dissection using ultrasonic scissors introduced
through the transversical port in all cases. Although
an interesting approach, the inability to remove the
surgical specimen through either portal of entry limits
its clinical utility at this time. Until further experience
is demonstrated with gastrotomy closure techniques
and improved instrumentation is developed, use of the
transgastric approach in urologic surgery will remain
investigatory in nature only.

Transcolonic access
Considerations

Theoretical advantages of transcolonic access include
direct visualization of the upper abdomen, eliminating
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the need for retroflexion and allowing for improved
instrument stabilization compared to the transgastric
technique. In addition, due to increased compliance
and capacity, use of the colon for access facilitates
placement of larger instruments as well as the
removal of larger specimens.®® Despite these potential
advantages, the use of colon as a portal of entry raises
significant concerns for peritonitis due to the increased
risk of translocation of intraluminal bacteria or fecal
contamination of the sterile peritoneal cavity.®

Early porcine experiences

Current consensus suggests that transcolonic NOTES is
technically feasible. Fong et al were the first to describe
their experience with transcolonic cholecystectomy in
a porcine survival model. They reported successful
gallbladder resection in all five cases, but following
colotomy closure with endoscopic clips one animal
required euthanization at 48 hours for suspected
peritonitis.* In a separate porcine survival study
Fong et al evaluated the use of colonic access for
peritoneoscopy. Closing the colotomy site using
endoscopic clips, endoloops, or a prototype closure
device the authors reported no complications at 14
days post procedure. Atautopsy, although the colonic
incision sites were reported to be well-healed in all
cases, incision related adhesions were identified in
four of six pigs. Further, microscopic abscess and
other inflammatory changes were seen at the closure
site in all animals.* Additional studies performing
distal pancreatectomy using a combined transcolonic/
vaginal hybrid approach have also been reported.®
The authors concluded that a transcolonic route
provides improved endoscope stability and upper
abdominal exposure compared to the transgastric
route. However, these early experiences illustrate that
transcolonic access requires improved full thickness
closure techniques to reduce the risk of peritoneal
fecal soiling and that further technological advances
are needed prior to use in human subjects.

Wilhelm et al recently described an innovate
technique to achieve sterile sigmoid access in a porcine
model and facilitate leak-proof closure of the entry site.
Following instillation of one liter of taurolidin solution
(Taurolin, Boehringer Ingelheim, Ingelheim, Germany)
and 2.5 liters of Ringers solution through a Veres
needle, a modified transanal endoscopic microsurgery
guide tube is introduced under ultrasound guidance to
facilitate placement of a flexible endoscope. To ensure
a secure closure, a purse string suture is placed around
the colotomy site prior to removal of the tube and the
closure is reinforced with a linear stapler. In the five
survival subjects, there were no postoperative fevers

5157

or deaths, and at the time of euthanasia (10 days post
procedure) the colonic incision sites were completely
closed with no identified signs of inflammation,
abscess, or peritonitis.®® Compared to the transgastric
route, the transcolonic approach shows promise for
urologic application due to direct visualization and
access to the retroperitoneum; importantly, unlike
the transvaginal route, the transcolonic route can be
utilized in all patients. Unlike the transvesical route,
which is limited in luminal diameter for specimen
removal, increased colonic compliance permits larger
instrument placement as well as specimen retrieval.®?
With the current interest in developing less invasive
surgical techniques, the NOTES transcolonic approach
to the peritoneal cavity will likely play a major role
across all surgical specialties. Feasibility and efficacy
studies will be limited to animal models until a more
reliable reproducible colotomy closure method can be
demonstrated.

Tranvesical access

Considerations

There has been a recent surge of interest in the use of
a transvesical portal of entry for NOTES procedures,
primarily due to concerns regarding contamination
of the peritoneal cavity with failed transgastric or
transcolonic portal closure. There are distinctadvantages
of using the urinary tract compared to other portals of
entry. The transvesical approach precludes the need for
gastrointestinal closure which is currently experimental
at best.** In addition, urine is sterile in a majority of
patients, decreasing the risk of bacterial contamination
of the peritoneal cavity. Similar to a transcolonic
approach, transvesical access facilitates direct targeted
vision of both the upper abdomen and retroperitoneum
without the need for retroflexion.” Perhaps most
relevant to the field of urology, urologists have long
been facile with the use of a transurethral approach
to bladder and prostate surgery, and familiarity with
transurethral rigid and flexible instrumentation as well
as robotic platforms currently in development® have
contributed to recent interest in experimental models
of transvesical NOTES.

It is important to address limitations to use of
the bladder as a portal of entry. Although the risks
of bacterial contamination should be less than
gastrointestinal routes, risks of peritonitis and
fistula formation are not insignificant and antibiotic
sterilization regimens currently are unaddressed.
While spontaneous closure of intraperitoneal
cystotomies has been reported with simple catheter
drainage,*®”® a reliable closure mechanism will need
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to be demonstrated before transvesical techniques
can be applied in human subjects. Specific anatomic
limitations of transurethral access include urethral
length and diameter, which not only restricts
the size and type of instrumentation that can be
utilized, but also specimen extraction for extirpative
procedures. The issue of urethral length has been
overcome in traditional ureteroscopy with the use of
ureteral access sheaths” and with rapidly developing
technologies should not represent a significant hurdle
to utilizing transvesical access for intra-abdominal
procedures in the future. However, placement of
larger instrumentation may require urethral dilation
which would introduce risks of voiding dysfunction
and incontinence which are currently unclear.*”

Early porcine and human experiences

Two techniques have been described for obtaining
transvesical intraperitoneal access. In unpublished
ex vivo and in vivo porcine experiments, Gettman
et al utilized a blunt tip prototype port as well as an
injection needle followed by guidewire placement
and balloon dilation. In their series of experiments,
balloon dilation resulted in a larger cystotomy defect,
but remained the preferred technique due to the force
needed to gain entry with the blunt tip ports.”” In the
first published porcine model, Lima et al described
transvesical endoscopic peritoneoscopy, liver biopsy,
and falciform ligament division in eight female pigs
(3 nonsurvival, 5 survival). In their experiment, a
cystotomy was created using an open ended ureteral
catheter under cystoscopic guidance. A 5.5 mm
overtube was then placed over a guidewire to facilitate
abdominal access, and a foley catheter was left in place
for 4 days to facilitate spontaneous cystotomy closure.
All survival animals recovered without complication,
and at the time of necropsy animals all cystotomies
were well healed and there were no signs of peritonitis
or adhesions.”? In subsequent work, Lima et al
described a novel approach to perform transvesical
and transdiaphragmatic endoscopic thoracoscopy. In
six pigs, following transvesical access as described
above, a ureteroscope was introduced through the
left diaphragmatic dome into the left thoracic cavity
to facilitate left pleural cavity visualization and
perform lung biopsies. Similar to their previous
experience, spontaneous closure of diaphragmatic and
vesical access points were observed at post mortem
examination with no attempt at mechanical closure and
without subsequent complications.” Expanding these
techniques to extirpative procedures, these authors
reported a combined transgastric and transvesical port
placement technique to perform cholecystectomies™ as
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well as nephrectomies® in porcine models; however,
difficulties with gastrotomy closure and specimen
removal remain impediments to applicability in
human trials.

Work in human subjects through a transvesical
approach has been very limited. In unpublished
work, Gettman et al discussed the feasibility of
performing transvesical peritneoscopy, appendectomy,
and division of the falciform ligament in two female
unfrozen cadavers, maintaining a pneumoperitonem
through the ureteroscope irrigation port.”” In an
extension of this work, Gettman et al reported the first
human application of transvesical NOTES in a 56-year-
old male undergoing robotic assisted laparoscopic
prostatectomy for prostaticadenocarcinoma. Following
standard port placement for prostatectomy and
creation of pneumoperitoneum, a flexible injection
needle was advanced through the bladder wall under
simultaneous laparoscopic and cystoscopic vision. A
balloon dilator was used to dilate the cystotomy and
a flexible ureteroscope was placed over a guidewire
to facilitate transvesical peritoneoscopy. Insufflation
was maintained through the working channel of the
ureteroscopy and all intraperitoneal structures were
directly visualized from a pelvic position. Following
removal of the ureteroscope, the cystotomy site was
closed with figure of eight sutures using traditional
robotic instruments prior to proceeding with the
prostatectomy.”> Transvesical access clearly has
attractive advantages over other portals of entry
including familiarity with access techniques, direct
line of vision, and ability to maintain insufflation.
However, clinical applications are hampered by
technical limitations of contemporary equipment, lack
of a reliable cystotomy closure mechanism, and the
relative constraints of removing surgical specimens
transurethrally.®” It is likely that future technology
will advance to the point that urethral diameter is no
longer a significant limitation, but in the meantime
the transvesical approach shows the most promise as
a component of hybrid procedures in conjunction with
either traditional umbilical laparoscopic ports pure
NOTE procedures utilizing transgastric or transcolonic
access.

Conclusions

Since the year 2000 there has been significant interest
in the development and application of NOTES
techniques for intra-abdominal surgery. From early
porcine and human studies it is clear that limitations
in instrumentation and reliable viscerotomy closure
are limitations in the rapid adoption of true “minimally
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invasive” techniques into contemporary clinical practice.
For urologic application, transvaginal and transvesical
NOTES appear to have the most utility for accessing the
upper abdomen while minimizing the risk of peritoneal
contamination, and early results using hybrid NOTES
access with a transumbilical assistant port are both
encouraging and exciting. As NOTES is still in its
development, it is difficult to compare the safety and
efficacy of early efforts with contemporary surgical
interventions. Itis evident that further development of
these procedures and detailed prospective comparative
studies are warranted before NOTES can be seriously
considered for routine use in human subjects. There are
currently three prospective human subject clinical trials
investigating the application of NOTES to diagnostic
peritoneoscopy, cholecystectomy, and foregut and
urologic surgery.® Until findings of these studies are
available, use in urologic and non-urologic surgery will
likely be limited to hybrid procedures in specialty centers
with considerable experience in these techniques. In
the meantime, it is expected that technologic advances
will be made to address the cumbersome equipment
currently being utilized. Flexible endoscopes and
devices designed to enable suturing, dissection, vessel
ligation, anastamosis creation, and viscerotomy closure
are sorely needed and are currently being investigated
to facilitate intra-abdominal reconstructive procedures.
While still in early development, with continued interest
and dedicated research NOTES has the potential to
change the face of minimally invasive surgery. ]
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