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INTRODUCTION
Surgery has experienced a huge development in the past 
three decades after Dr. Philippe Mouret performed the 
first laparoscopic cholecystectomy in 1987. Since then, 
minimally invasive surgery has begun to spread world-
wide[1]. This was largely in part due to patient demands 
for laparoscopic surgery’s advantages - shorter hospital 
stays, less pain, and smaller, less disfiguring scars[2]. The 
improvement of  available equipment and instruments 
allowed more and more surgical procedures to be made 
through a minimally invasive approach, rapidly becoming 
a standard practice in most procedures.

At the same time, progresses in gastrointestinal en-
doscopy have made it an indispensable and multifaceted 
instrument for diagnosis and therapy. Besides endolu-
minal procedures, gastroenterologists attempted some 
interventions beyond the wall barrier, such as pseudocyst 
drainage[3] and percutaneous endoscopic gastrostomy[4]. 

However, it was not until 2004 that Kalloo et al[5] pub-
lished the first report of  a true transluminal procedure, 
a transgastric peritoneoscopy in a porcine model, which 
brought to light the concept of  natural orifice translumi-
nal endoscopic surgery (NOTES). The idea of  incision-
less surgery was attractive and has now become a new 
goal for both surgeons and other people interested in 
this field of  investigation.
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Abstract 
Minimally invasive surgery started spreading worldwide 
in 1987, when the first laparoscopic cholecystectomy 
was performed. Meanwhile, improvement of endoscopic 
equipment and instruments allowed gastroenterologists 
to attempt more aggressive endoluminal interventions, 
even beyond the wall barrier. The first transgastric peri-
toneoscopy, in 2004, brought to light the concept of 
natural orifice transluminal endoscopic surgery (NOTES). 
The idea of incisionless surgery is attractive and has 
become a new goal for both surgeons and other people 
interested in this field of investigation. The authors pres-
ent a review of all developments concerning NOTES, 
including animal studies and human experience.
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triangulation, and managed to do a series of  cholecystec-
tomies and nephrectomies in porcine models[26,27]. 

To accomplish NOTES procedures in the thorax, 
Sumiyama et al[28] proposed the transesophageal ac-
cess. Transvesical-transdiaphragmatic thoracoscopy[29], 
transgastric-transdiaphragmatic thoracoscopy[30], and 
transtracheal thoracoscopy[31] have been suggested as 
well. Although the transesophageal method has been 
preferred as a direct entry to the thorax and posterior 
mediastinum, this permitted several simple thoracic pro-
cedures in porcine models[32-38]. 

CURRENT CHALLENGES
Despite the enthusiasm for NOTES, there are still some 
hurdles to be overcome. The initial concern is the poten-
tial for intra-abdominal infection and spillage from the 
viscerotomy. Infection must first be prevented by using a 
clean access site. Most transgastric protocols also follow 
a 24 h liquid formula diet, intravenous antibiotics and 
stomach irrigation with sterile water and antibiotic solu-
tion. Despite these precautions, even a sterile overtube 
used to protect the endoscope from oral contamination 
becomes contaminated on oral insertion and can trans-
port bacteria to both the stomach and the peritoneal cav-
ity[2]. Surprisingly, Narula et al[39] reported no infections 
after gastrotomy in patients undergoing diagnostic trans-
gastric peritoneoscopy without previous gastric decon-
tamination. The authors considered that the same degree 
of  contamination of  the peritoneal cavity is expected as 
in any operation performed with an open viscus.

There is also some controversy about the need for 
endoscope sterilization. In a recent literature review, 
Spaun et al[40] concluded that, although difficult, it is pos-
sible to terminally sterilize flexible endoscopes. Steris 
System 1™ that uses 0.2% peracetic acid was the cheap-
est and fastest sterilization method and scored second 
in the risk of  recontamination. Ethylene oxide gas ster-
ilization has the lowest risk of  recontamination, but is 
the slowest and most expensive method. The authors 
recommend sterile instrumentation for clinical NOTES 
until well-designed and randomized clinical trials are 
available and guidelines are published.  

Concerning viscerotomy closure, gastrotomy has 
been the most studied and the methods under inves-
tigation could also be applied to the colon, esophagus 
or bladder, depending on the circumstances. Several 
methods have been proposed for stomach closure, in-
cluding: conventional endoscopic clips, over-the-scope 
clip (OTSC) system, septal occluders, T-tags, T-bars for 
tissue opposing, as well as more complex suturing de-
vices such as the Eagle Claw Ⅶ, NDO Plicator, USGI 
Endosurgical Operating System, and linear endoscopic 
staplers. Most of  these devices still have limitations that 
need improving, but OTSC shows the most promising 
results[41]. More recently, the Padlock-G clip have been 
described as also showing promising results[42]. Colonic 
closure in animal studies has been performed using the 

The term NOTES describes novel endoscopic inter-
ventions on internal organs performed through natural 
orifices[6]. In this new approach, endoscopes enter the 
abdominal and thoracic cavities via any single or combi-
nation of  natural orifices - mouth, urethra, vagina, and 
anus. Depending on the orifice, rigid or flexible equip-
ment can be used. The lower “short-ways” (bladder, 
colon or vagina) allow the easy passage of  rigid or flex-
ible instruments into the abdominal cavity, but the upper 
“long-ways” (esophagus and stomach) require flexible 
equipment[7] (Figure 1). 

The main goal for NOTES is avoiding skin incisions. 
Other theoretical advantages include: decreased post-op-
erative pain, reduction/elimination of  general anesthe-
sia, performance of  procedures in an outpatient or even 
office setting, and possibly cost reduction. Moreover, 
eliminating skin incision avoids associated complications 
such as wound infections and hernias, as well as reduc-
tion in hospital stay, faster return to bowel function, im-
proved cosmetic outcomes, and increased overall patient 
satisfaction[2]. 

WHAT DID THE INVESTIGATION ACHIEVE 
SO FAR?
The first challenge in NOTES is getting good and clean 
access to the cavity we want to “scope” (Table 1). The 
first mention of  natural orifice procedure dates back to 
the 1940s, when culdoscopies were performed using an 
endoscope passed through the recto-uterine pouch to 
view pelvic organs, as well as to perform sterilization 
procedures[8]. At that time, these procedures did not gain 
much popularity and were restricted to some gynecologi-
cal procedures. Recently, however, they were recovered 
by NOTES development. In 2002, Gettman et al[9] pub-
lished one pure transvaginal nephrectomy along a series 
of  hybrid transvaginal nephrectomy in a porcine model. 

Taking advantage of  the great developments in gas-
trointestinal endoscopy, some pioneers began working 
on the transgastric approach to the abdominal cavity. 
The first published description of  transgastric peritone-
oscopy was in 2004 by Kalloo et al[5], in a porcine model.  
Since then, a number of  successful transgastric proce-
dures have been attempted and performed[10-20]. These 
initial studies also identified major limitations of  the 
isolated transgastric approach, mainly in more complex 
procedures such as cholecystectomy, first described in 
2005 by Park et al[21]. Lack of  triangulation and platform 
stability were the main problems identified. Searching 
for solutions to these problems, researchers tried other 
ways of  entering the abdominal cavity. Fong et al[22-24] 
published the first transcolonic peritoneoscopy followed 
by a series of  transcolonic procedures. The access from 
below gives a good, direct view of  the upper abdominal 
cavity. Having that in mind, Lima et al[25] published the 
first transvesical endoscopic peritoneoscopy. And sub-
sequently our group used a combination of  transgastric 
and transvesical approaches to solve the problem of  



dioxide and safely control its pressure inside the abdo-
men[45]. Despite this, new insufflators are being adapted 
to both deliver and monitor carbon dioxide through 
the endoscope[46]. There is a great debate whether CO2 
or room air should be used. The effect of  CO2 with re-
spect to laparoscopy has suggested an overall attenuated 
inflammatory response that may provide a further im-
munologic benefit. The acidic environment created has 
been the main contributing factor believed to facilitate 
this physiologic result. Conversely, ‘‘room air’’ laparos-
copy has been shown to generate a greater inflammatory 
response, but a recent case-control study did not find a 
significant difference between the peritoneal inflamma-
tory response of  NOTES vs laparoscopy with carbon 
dioxide and air pneumoperitoneum[47].

As previously stated, maintaining spatial orientation 
and triangulation of  instruments is challenging when us-
ing a flexible endoscope. Moreover, flexible endoscopes 
are difficult to stabilize inside the abdominal cavity and 
can only pass flexible instruments which are too flac-
cid for retraction. This challenge can be overcome with 

3797 September 7, 2011|Volume 17|Issue 33|WJG|www.wjgnet.com

same techniques and devices as those used for gastroto-
my closure. Transanal endoscopic microsurgery has been 
used for a long time, and has been useful for colonic 
closure in hybrid NOTES procedures in humans[43]. For 
vesicotomy closure, Lima et al[44] recently reported the 
first successful endoscopic closure using a suturing kit 
(T-fasteners with a locking clinch). Easy and safe clo-
sure has been the main advantage for transvaginal route 
acceptance. Closure after transvaginal access is readily 
and routinely performed by using standard surgical tech-
niques. Even if  closure were to fail, there would be little, 
if  any, clinical significance, because of  the extremely low 
risk of  infection or hernia. 

Concerning adequate exposure and visualization, 
pneumoperitoneum is a key component. Air insufflated 
in an uncontrolled manner through the endoscope re-
sults in wide fluctuations in intraperitoneal pressures, 
overdistension of  the abdomen, and adverse hemody-
namic effects. Insufflated air can also leak around the 
endoscope resulting in bowel overdistension[2]. Many 
authors are now using a Veress needle to inject carbon 
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E

Figure 1  Internal view of 
natural orifice transluminal 
endoscopic surgery access 
(porcine model). A: Trans-
thoracic view of transesopha-
geal access; B: Transab-
dominal view of transgastric 
access; C: Transabdominal 
view of transcolonic access; 
D: Transabdominal view of 
transvaginal access; E: Tran-
sgastric view of transvesical 
access.
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30-year-old woman with symptomatic cholelithiasis was 
submitted to cholecystectomy using a standard double-
channel flexible gastroscope and standard endoscopic 
instruments. A 2-mm transabdominal needle port 
was used to insufflate carbon dioxide, to monitor the 
pneumoperitoneum, and to retract the gallbladder. Col-
potomy was closed using conventional instruments. The 
patient had no post-operative pain and no scars, and was 
discharged on the second post-operative day. Shortly af-
ter that, the same technique was used by a team in Brazil, 
and by another in Italy[55,56]. 

In 2007, a group of  investigators from Ohio, United 
States used transgastric peritoneoscopy after standard lap-
aroscopy to diagnose pancreatic masses[57]. In 9 out of  10 
patients, transgastric abdominal exploration corroborated 
the decision to proceed to open exploration made during 
traditional laparoscopic exploration. The average time of  
diagnostic laparoscopy was 12.3 min, compared to the 
24.8 min taken for the transgastric route. Closure of  the 
gastrotomy was obviated through its integration into the 
primary operation, whether that involved a resection with 
curative intent or palliation. No cross-contamination of  
the peritoneum or infectious complications was noted.

Other procedures using exclusively natural orifice 
transluminal procedures in humans have been performed 
- transgastric and transduodenal pancreatic necrosec-
tomy[58], transvaginal incisional hernia repair[59], transvagi-
nal liver, diaphragm, ovaries, and peritoneum biopsies[60], 
and transvaginal appendectomy[61]. This last one is es-
pecially important, as two of  the three cases presented 
had an umbilical port inserted in order to complete ap-
pendectomy. As seen before in cholecystectomy, the use 
of  a transabdominal port is essential to make natural 
orifice approaches feasible or at least easier at this time. 
Hybrid NOTES procedures are seen as a safe way to 
accomplish pure NOTES in the future. For this aim, hy-
brid procedures are developing in humans and achieving 
new goals like transvaginal nephrectomy[62], transrectal 
rectosigmoidectomy[63], sleeve gastrectomy[64], transvaginal 
liver resection[65], transvaginal splenectomy[66], transgastric 
cholecystectomy[67], transanal rectal cancer resection[43], 
intragastric stapled cystogastrostomy of  a pancreatic 
pseudocyst[68], and adjustable gastric banding[69].

In 2009, de Sousa et al[70] published the first series 
of  pure NOTES transvaginal cholecystectomies. The 
authors performed four cholecystectomies using two 

adequate training, a combination of  different routes, 
and with the constant development of  new instruments. 
Transvaginal, transcolonic and transvesical routes allow 
the introduction of  rigid equipment, and except in the 
transvesical route, the instruments can be used either 
through a rigid endoscope or in parallel with a flexible 
endoscope. Additionally, these access routes coming 
from the lower abdomen permit a good direct visualiza-
tion of  the upper abdomen. In some cases, one can use 
an additional transabdominal port. This has been named 
hybrid NOTES and has been seen as an intermediate 
step of  great help in the training and development of  
NOTES[48]. Recently, magnets are being managed to pro-
vide the vigorous traction and countertraction required 
to advance NOTES procedures[49]. A new magnetic an-
choring and guidance system allows concurrent use of  
multiple working instruments and control of  an intra-
abdominal camera. It has been used to perform trans-
vaginal, single-port cholecystectomy[50]. Finally, one of  
the hurdles of  NOTES is getting solid organs out of  the 
thoracic and abdominal cavities. Excision of  larger or-
gans such as a kidney, or a gallbladder filled with stones 
through a small trocar orifice is a huge challenge. The 
transvaginal access has a big advantage in this matter and 
has been used for specimen retrieval in most NOTES 
procedures. On the other hand, transvaginal access is 
only an option in female patients.

HUMAN EXPERIENCE
In 2003, Rao and Reddy[51] performed the first NOTES 
procedure in humans. The authors carried out a trans-
gastric appendectomy in a male patient presenting severe 
burn lesions in his abdominal wall using a conventional 
flexible endoscope with two working channels. Only in 
2007, was there the first published human NOTES pro-
cedure. Marks et al[52] performed a transgastric rescue of  
a prematurely dislodge gastrostomy tube. The authors 
advanced a standard gastroscope through the previous 
gastrostomy, a performed peritoneoscopy, and suctioned 
away intra-abdominal free fluid. In that same year, an-
other case reported the first human transvesical perito-
neoscopy using a flexible ureteroscope during a standard 
laparoscopic robot-assisted prostatectomy[53]. 

The first natural orifice transluminal cholecystectomy 
in humans was performed in Strasbourg, France[54]. A 

        Transesophageal          Transgastric          Transvesical           Transvaginal   Transcolonic

Rigid instruments No No Yes Yes Yes
Available in both genders Yes Yes Yes No Yes
Sterility No No Yes No No
Size Wide Wide Up to 6 mm Wide Wide
Closure Endoscopic

(in study)
Endoscopic
(in study)

Endoscopic
(in study)

Direct 
suture

Endoscopic
(in study)

Specimen retrieval Not reported Possible Not reported Possible Possible

Table 1  Major features of the different natural orifice transluminal endoscopic surgery access for thoracic and abdominal cavities
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endoscopes introduced simultaneously in the abdominal 
cavity through a transvaginal incision. Dissection was ac-
complished with conventional endoscopic instruments. 
Ligation of  the cystic duct and artery was performed 
using endoscopic clips. Vaginal closure was achieved 
using the direct-vision suture technique. More recently, 
Bessler et al[71] described a different technique for pure 
NOTES cholecystectomy in a 35-year-old-woman. In-
stead of  using two endoscopes, the authors used an 
extra-long 5-mm articulating retractor placed into the 
abdomen via a separate colpotomy made under direct 
vision using the flexible endoscope in a retroflexed posi-
tion. This method overcame the retracting limitations 
that obliged the use of  a transabdominal port.

Despite all the enthusiasm around NOTES, other 
clinical advantages besides the absence of  skin incision 
remain to be fully proven. Although most studies claim 
that greater operative time would be compensated by 
shorter hospital stays, prospective control studies are 
lacking[72]. Hensel et al[73] reported a retrospective case-
control study where hybrid transvaginal cholecystectomy 
group showed a lower need for analgesics, faster mobili-
zation, more comfortable recovery and a shorter hospital 
stay than the conventional laparoscopy group.  

Finally, patients’ perspectives and expectations about 
NOTES are not yet fully understood. An interesting 
questionnaire-based study was derived to identify their 
preferences between different available surgical options 
upon a hypothetical scenario of  an acute appendicitis[74]. 
Single port surgery (SPS) was the most popular method 
followed by conventional laparoscopy. Open surgery and 
NOTES were the least preferred. Choosing between SPS 
and NOTES only, 80.6% opted for SPS, 11.8% NOTES, 
and 5.6% declined surgery. The most popular route of  
access for NOTES was oral (37.7%). Another study 
asked women about their concerns and opinions regard-
ing transvaginal surgery[75]. The majority of  women (68%) 
indicated that they would want a transvaginal procedure 
in the future because of  decreased risk of  hernia and de-
creased operative pain (90% and 93%, respectively), while 
only 39% were concerned with the improved cosmesis 
of  NOTES surgery. Of  the women polled, nulliparous 
women and those under age 45 years were significantly 
more often concerned with how transvaginal surgery 
may affect healthy sexual life and fertility issues. Of  the 
women who would not prefer transvaginal surgery, a sig-
nificant number indicated concerns over infectious issues.

THE FUTURE OF NOTES
NOTES promises a new and innovative era of  minimal 
access surgery based on traditional laparoscopic and 
endoscopic techniques. Researchers all over the world 
are investigating ways to improve NOTES procedures in 
order to make it easier and safer. With careful develop-
ment of  new equipment and techniques, NOTES may 
be a reasonable option to conventional laparoscopic pro-
cedures. It may even become the method of  choice for 
selected surgical procedures in the future. 
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