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Abstract
Since the first description of the concept of natural orifice 
translumenal endoscopic surgery (NOTES), a substantial 
number of clinical NOTES reports have appeared in the 
literature. This editorial reviews the available human 
data addressing research questions originally proposed 
by the white paper, including determining the optimal 
method of access for NOTES, developing safe methods 
of lumenal closure, suturing and anastomotic devices, 
advanced multitasking platforms, addressing the risk 
of infection, managing complications, addressing chal-
lenges with visualization, and training for NOTES pro-
cedures. An analysis of the literature reveals that so far 
transvaginal access and closure appear to be the most 
feasible techniques for NOTES, with a limited, but grow-
ing transgastric, transrectal, and transesophageal NOTES 
experience in humans. The theoretically increased risk of 
infection as a result of NOTES procedures has not been 
substantiated in transvaginal and transgastric procedures 
so far. Development of suturing and anastomotic devices 
and advanced platforms for NOTES has progressed slow-
ly, with limited clinical data on their use so far. Data on 

the optimal management and incidence of intraoperative 
complications remain sparse, although possible factors 
contributing to complications are discussed. Finally, this 
editorial discusses the likely direction of future NOTES 
development and its possible role in clinical practice. 
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INTRODUCTION
The concept of  natural orifice translumenal endoscopic 
surgery (NOTES®) has generated intense interest in the 
surgical and gastroenterology communities. Accessing 
the peritoneal or thoracic spaces through internal, trans-
visceral incisions instead of  transabdominal incisions has 
the potential benefits of  decreasing postoperative pain, 
wound complications, improving cosmesis, decreasing the 
physiologic and immune response to surgery, decreasing 
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anesthesia requirements, accelerating patient recovery and 
return to normal function, and improving access to or-
gans that are currently difficult to reach with conventional 
open or laparoscopic approaches (e.g. esophagus, rectum). 
Given the intense interest in NOTES and its potential 
to revolutionize current surgical therapy, several working 
groups throughout the world have been formed to help 
guide NOTES research and clinical development. These 
groups include EURO-NOTES, EATS (European As-
sociation for Transluminal Surgery™), D-NOTES, ASIA-
NOTES, NOSLA (Natural Orifice Surgery Latin Amer-
ica), Japan-NOTES, India NOTES, NOTES Research 
Group Brazil, and NOSCAR, which published a white pa-
per in 2006 outlining the perceived barriers to the clinical 
adoption of  NOTES[1]. These barriers included determin-
ing the optimal orifice to access the peritoneal cavity, de-
veloping a reliable means to close a viscotomy, minimizing 
the risk of  infection as a result of  access through a non-
sterile orifice, developing an endoscopic suturing device, 
addressing difficulties with spatial orientation inherent to 
a NOTES technique, developing multi-tasking platforms 
to perform NOTES procedures, managing intraoperative 
complications, and developing NOTES training to allow 
safe, widespread adoption of  the techniques. Although 
there have been numerous studies addressing some of  
these questions in animal and cadaver models, reports of  
clinical NOTES procedures in humans, and human data 
addressing these questions have only started to appear 
since 2007. This editorial will discuss the progress made 
on these questions by reviewing the currently available hu-
man outcomes data and clinical NOTES publications in 
the literature.

ACCESS TO THE PERITONEAL CAVITY
A comprehensive review of  the human NOTES literature 
was conducted using PubMed to search the MEDLINE 
database with the search terms of  “human natural orifice 
surgery, human transvaginal, human transrectal, human 
transgastric, or human NOTES surgery,” for articles 
published between January 1, 2 004 and September 1, 
2 010. Manuscripts describing clinical human NOTES 
procedures include the use of  transgastric, transvaginal, 
transrectal, and transesophageal approaches. Currently, 
the most frequently used orifice for NOTES is the vagina, 
with cholecystectomy accounting for the highest number 
of  cases in the published literature[2]. Transvaginal access 
has the longest history of  use for intraperitoneal proce-
dures, prior to the recent description of  NOTES. In 1949, 
Bueno described a series of  transvaginal appendectomies 
performed with open instruments (without an endoscope) 
at the time of  hysterectomy[3]. Since then, transvaginal 
access for intraperitoneal procedures in the form of  cul-
doscopy has developed as an accepted, safe procedure in 
the gynecology community[4-7]. Transvaginal access can 
be established using a posterior colpotomy created under 
direct vision with open instruments, or with the use of  

direct trocar insertion under laparoscopic guidance. Estab-
lishment of  transvaginal access does not require the use of  
a flexible endoscope or transanal endoscopic microsurgery 
(TEM) platform, unlike transgastric, transrectal, and trans-
esophageal approaches that have been described to date. 
Likewise, closure of  transvaginal access sites is performed 
with direct suturing using open instruments.

While transvaginal access is the most frequently used 
NOTES approach to date and can be safely performed, 
the potential for complications should not be overlooked. 
The close proximity of  the rectum posteriorly, the ureters 
laterally, and the tendency for the small intestine to oc-
cupy the pelvis should be kept in mind while performing 
transvaginal NOTES. Reported complications of  NOTES 
transvaginal access include rectal and colonic injuries, small 
bowel injuries, ureterovaginal fistula formation, vulvar lac-
erations, and bladder injuries[8-14]. Given the possibility of  
these complications, assistance from a gynecologist experi-
enced in transvaginal access should be considered, at least 
initially, in the performance of  transvaginal NOTES. In 
addition, simultaneous visualization of  colpotomy creation 
with a transumbilical laparoscope, along with the use of  
a uterine manipulator to anteriorly retract the uterus may 
minimize the likelihood of  rectal, bladder, or bowel inju-
ries during the creation of  transvaginal access. Most cases 
reported so far have utilized a “hybrid” NOTES approach, 
with at least one laparoscopic port used for initial visual-
ization, retraction, and assistance with the dissection. Until 
instruments for NOTES improve, a “hybrid” NOTES 
approach may be preferable to a “pure” NOTES approach 
(without any percutaneous or laparoscopic assistance) in 
order to increase the safety of  the procedures. 

Transgastric access is the second-most frequently 
reported access route after transvaginal access in the lit-
erature. Experience with transgastric NOTES includes at 
least 70 transgastric peritoneoscopy procedures reported 
by Nau et al[15,16] and Nikfarjam et al[17], as well as several 
series which have reported at least 42 cholecystectomies, 
15 appendectomies, PEG rescue, and 6 cases of  trans-
gastric, stapled cystogastrostomy[11,15,16,18-24]. Transgastric 
access in all of  these cases was obtained in the anterior 
stomach (antrum or body) using needle knife cautery and 
balloon dilation through a flexible endoscope, except in 
cases of  PEG-rescue and cystogastrostomy. Most cases 
were performed with placement of  a laparoscopic port 
prior to gastrotomy creation to allow laparoscopic guid-
ance and insufflation, while some were performed with-
out any previous laparoscopic ports or insufflation. It is 
interesting to note that although no bowel injuries were 
recorded in transgastric peritoneoscopy cases performed 
without prior laparoscopic port placement, the authors 
noted there were instances of  cautery burns to the an-
terior peritoneum or the under surface of  the liver that 
were discovered after subsequent abdominal inspection 
with a laparoscope[15]. As such, it is not surprising that 
the majority of  transgastric cases have been performed 
in a hybrid fashion, with laparoscopic visualization of  
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the access point in order to prevent injuries to surround-
ing organs or the gastroepiploic vessels, which may be 
difficult or impossible to see from inside the stomach[2]. 

Transesophageal access has been used to perform 
esophageal myotomies in a series of  17 patients with 
achalasia, reported by Inoue et al[25]. This procedure, 
termed Per-Oral Esophageal Myotomy (POEM), incises 
the inner circular muscle layer of  the distal esophagus and 
lower esophageal sphincter, while completely avoiding the 
hiatal dissection and disruption of  the phrenoesophageal 
ligament that occurs during laparoscopic Heller myot-
omy. Transesophageal access begins at the anterior, mid-
esophagus with the creation of  a submucosal bleb using 
a sclerotherapy needle. The submucosal bleb is then in-
cised using electrocautery and the endoscope is advanced 
through the incision to create a submucosal tunnel distally 
past the gastro-esophageal (GE) junction onto the cardia 
of  the stomach. The inner circular muscle distal to the 
mucosal incision is then incised. Currently transesopha-
geal access has been used to perform only procedures 
on the esophageal wall. In one case, full separation of  
the outer longitudinal esophageal muscle layer occurred, 
exposing the mediastinum. Per the authors, however, this 
patient did not have any adverse consequences as a result; 
this suggests that as long as closure of  the proximal mu-
cosal incision is ensured, transesophageal mediastinal or 
thoracic access through a submucosal tunnel may be clini-
cally feasible in the future. However, no clinical studies 
have been performed to date investigating the safety of  
transesophageal mediastinal or thoracic access.

In contrast to other forms of  NOTES access, tran-
srectal access has been the least reported in the literature. 
The only two published cases are of  a proctosigmoid-
ectomy for cancer[26], and a transanal pull-through for 
Hirschsprung’s disease[27]. The proctosigmoidectomy was 
performed using a TEM platform, with a circumferential 
rectal dissection proceeding cephalad from the distal rec-
tum, assisted by laparoscopy. The transanal pull-through 
was performed in an infant, without the use of  the TEM; 
instead the authors reported using trocars inserted directly 
through the rectal wall to allow passage of  a rigid laparo-
scope and rigid instruments. Although no complications 
were reported to have occurred in either case, further data 
is needed in order to accurately determine the risks of  this 
approach.

Although so far various access points for a variety of  
NOTES procedures have been attempted, the specific 
indications that are best suited for each orifice will need to 
be defined. For example, the ideal indications for transoral 
access may end up being limited to therapeutic esophageal 
or gastric procedures, or diagnostic procedures in the in-
traperitoneal cavity. Transoral access may be poorly suited 
to advanced therapeutic intraperitoneal procedures given 
the requirement for complex, flexible instrumentation, as 
well as the small native diameter of  the esophagus which 
makes extraction of  large, bulky specimens potentially 
hazardous. Similarly, transrectal access may be best suited 

to colorectal applications, and transvaginal access may end 
up being ideally suited for gynecologic indications. How-
ever, if  these two approaches prove to be the most forgiv-
ing in terms of  ease of  access, ability to reach the upper 
abdomen, complications, and the ability to introduce both 
flexible and rigid instruments through the orifice, it is pos-
sible that these approaches may become “workhorse” ap-
proaches for intraperitoneal NOTES procedures or speci-
men removal in female and male patients, respectively. 

VISCERAL CLOSURE 
Transvaginal closure is currently the most feasible closure 
method for NOTES, as the incision is closed by direct su-
turing. Aside from potential injuries to surrounding struc-
tures as previously mentioned, there have been no reports 
of  vaginal dehiscence or herniation through the vaginal 
incision. Also, the consequences of  a vaginal wound de-
hiscence would likely not be as potentially dangerous as a 
gastric leak or a rectal leak, which would introduce highly 
caustic or infectious luminal contents into the abdomen. 

In contrast to transvaginal closure, transgastric closure 
currently requires the use of  flexible endoscopic clips or 
tissue anchors, with or without laparoscopic sutures to but-
tress the closure. Although several groups have reported 
successful performance of  transgastric closures without 
leaks, data on the true safety of  current transgastric clo-
sure techniques are sparse at best. In 2010, Zorron et al[14] 
reported results from a prospective, multi-center NOTES 
registry, including data from 43 transgastric operations (29 
cholecystectomies and 14 appendectomies), in which the 
stomach was closed using laparoscopic suturing. No gas-
tric leaks were reported in this study. Similarly, reports of  
transgastric closure by other groups using endoscopic clips 
or anchors, with or without laparoscopic sutures, account-
ing for a total of  approximately 30 patients, did not include 
any postoperative gastric leaks[18-21,23,24]. However, there 
has been at least one reported complication of  gastric clo-
sure: a pneumothorax which occurred due to the aberrant 
placement of  a tissue anchor through the diaphragm[24]. 
Innovative solutions for transgastric closure that have 
been reported in humans include the creation of  a gas-
tric valve mechanism made with tissue anchors, through 
which a gastrotomy is created[21]. The gastrotomy is then 
closed with additional tissue anchors once the procedure 
is finished. Although this technique has been successfully 
used in 5 patients so far, the majority of  transgastric cases 
reported in the literature continue to rely on laparoscopic 
suturing alone or in combination with endoscopic instru-
ments. Completely endoscopic means for closing gastros-
tomies will need to be developed and evaluated in human 
studies for transgastric NOTES to become feasible with-
out laparoscopic assistance. Numerous prototype closure 
devices and techniques have been developed and tested 
in pre-clinical models. However, a detailed discussion of  
these devices and their results in animals are beyond the 
scope of  this editorial.
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Transesophageal NOTES closure has so far been re-
ported using endoscopic clips to close the longitudinal 
mucosal incision at the entrance to the submucosal tunnel 
during POEM. No esophageal leaks or mediastinitis were 
reported in a series of  17 patients[25]. These clips slough off  
into the GI tract, with healing of  the mucosal incision dem-
onstrated on follow-up endoscopy.

Closure of  transrectal NOTES access has so far been 
accomplished by incorporating the rectotomy into a hand-
sewn coloanal anastomosis. This technique increases the 
safety of  transrectal NOTES since it uses currently accept-
ed anastomotic techniques, but it is limited to resections 
of  the left colon and rectum. The safety of  transrectal 
closures left in situ (not incorporated into the anastomosis) 
remains to be determined, although there is evidence from 
the TEM literature suggesting that intraperitoneal rectal 
closures can be performed as safely as those without peri-
toneal entry during full-thickness rectal tumor excision[28]. 
Research to test closure techniques for transrectal surgery 
will ultimately need to be performed on human tissue 
rather than porcine models for it to be useful. However, 
initial closure tests should be attempted on tissues that are 
already targeted for removal, such as in portions of  the 
colon that will be removed following colectomy, to ensure 
patient safety.

RISK OF INFECTION
Concerns about potentially higher rates of  infection have 
repeatedly been raised in regards to NOTES. The notion 
of  introducing surgical instruments through non-sterile 
orifices into the normally sterile peritoneal cavity runs 
counter to years of  established surgical dogma. Many 
groups performing clinical NOTES have adopted the 
routine use of  preoperative intravenous (Ⅳ) antibiotics 
combined with local application of  antibiotic or antiseptic 
solutions such as povidone-iodine at the site of  visceral 
entry as a precaution. Although the data are currently 
limited, concerns about increased infectious risk with a 
transvaginal approach compared to conventional laparos-
copy have not been substantiated. The best data so far are 
from a large, prospective NOTES registry including 488 
patients that underwent transvaginal cholecystectomy[13]. 
Complications reported in this registry included urinary 
tract infection, abscess in the pouch of  Douglas, wound 
infection, vaginal mycosis, and bacterial vaginitis, with a 
combined incidence of  1%, which is comparable to the 
rate of  infectious complications seen with conventional 
laparoscopic cholecystectomy[29]. 

Bacterial contamination has been quantified during 
performance of  laparoscopic roux-en-y gastric bypass 
(LRYGB) as a surrogate for NOTES, and during actual 
transgastric NOTES peritoneoscopy by investigators at 
Ohio State University[30,31]. These authors measured con-
tamination in 50 patients undergoing LRYGB given pre-
operative Ⅳ Cefazolin alone without additional luminal 
decontamination, and showed that native levels of  bacte-

ria in the stomach were higher (mean 22 303 CFU/mL) 
compared to that of  the peritoneum after the operation 
(1102 CFU/mL), with significant correlation between 
these levels. These results indicate that some cross-
contamination occurs during transgastric peritoneoscopy, 
but that the degree of  contamination is not dependent on 
the pre-existing level of  bacteria in the stomach. In addi-
tion, despite the documented levels of  contamination, no 
clinically obvious infections were found with a minimum 
of  30 d of  follow-up for all patients. A follow-up study in 
patients undergoing transgastric NOTES peritoneoscopy 
prior to a planned pancreaticoduodenectomy also showed 
minimal cross-contamination with insignificant levels of  
intra-operative peritoneal contamination (160 CFU/mL), 
and no infectious complications in a group of  10 patients 
with 30 d follow-up. An observation requiring further in-
vestigation, though, was that patients on proton-pump in-
hibitors (PPIs) had significantly higher levels of  bacteria in 
the stomach (median 33 000 CFU/mL) compared to those 
not on PPIs (median 0 CFU/mL). Differences in post-
operative peritoneal contamination between patients with 
or without PPI use preoperatively approached, but did 
not reach, statistical significance due to a limited number 
of  patients in the study. Thus, while the risk of  clinically 
significant infection as a result of  transgastric NOTES 
appears to be low, the optimal perioperative management 
of  patients on PPIs undergoing NOTES requires further 
study. 

In contrast to transvaginal and transgastric NOTES 
access, transesophageal and transrectal access have a 
theoretically higher risk of  infectious complications due 
to their proximity to the oropharyngeal and colonic flora, 
respectively. Unfortunately, to date no human studies have 
directly quantified the levels of  bacterial contamination 
from either of  these NOTES approaches, or the true in-
cidence of  clinically significant infections. Nevertheless, 
in the reported series of  17 POEM patients who received 
preoperative Ⅳ antibiotics and irrigation of  the submuco-
sal tunnel with dilute antibiotic solution prior to closure, 
no infectious complications were noted with a mean 
follow-up period of  5 mo (minimum 1 mo)[25]. In addition, 
the two transrectal NOTES procedures reported in the 
literature to date did not report any infectious complica-
tions. The rectosigmoid resection patient underwent pre-
operative mechanical bowel preparation with oral sodium 
phospho soda, received preoperative Ⅳ Cefoxitin, and had 
a dilute Betadine irrigation of  the rectum[26]. The 5-d-old 
patient who underwent a NOTES transanal pull-through 
received perioperative systemic antibiotics for 24 h fol-
lowing the case with no reported complications. In short, 
more data are needed to accurately estimate the risk of  
infectious complications with transrectal and transesopha-
geal NOTES approaches. 

The fear of  increased infectious risk from NOTES 
procedures has so far not been substantiated by examin-
ing available clinical outcomes and bacteriologic studies. 
It is likely that Ⅳ antibiotics alone for transgastric proce-
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dures, along with some form of  luminal disinfection for 
transvaginal, transrectal or transesophageal procedures 
will be the ultimate strategy adopted clinically.

DEVELOPMENT OF ENDOSCOPIC 
SUTURING OR ANASTOMOTIC DEVICES
The development of  endoscopic suturing and anastomot-
ic devices was deemed by the white paper to be necessary 
in order for NOTES to ultimately be applied to the wide 
spectrum of  current surgical therapy[1]. However, the de-
velopment of  these devices and their use in clinical trials 
has proceeded slowly since 2005. Currently, two types of  
endoscopic suturing devices have been approved: Over-
Stitch™ (Apollo Endosurgery, Inc., Austin, TX, USA) 
and the Tissue Apposition System (TAS, Ethicon Endo-
surgery, Cincinnati, OH, USA). However, only use of  the 
TAS has so far been reported clinically to approximate 
partial colonic wall defects at the time of  laparoscopic-
assisted polypectomy[32]. The TAS system works by se-
quentially deploying a threaded T-tag through the bowel 
wall on each side of  a defect using an endoscopic hollow 
bore needle; once two threaded T-tags have been placed 
on either side of  a defect, the two threads are cinched 
together and trimmed by a one-way locking mechanism 
in order to approximate both sides of  the luminal defect. 
A similar endoscopic T-tag closure technique using in-
struments from Cook Medical (Bloomington, IN, USA) 
was employed by Park et al. to close gastrotomy defects 
during transgastric NOTES[24]. One of  the difficulties 
with existing endoscopic T-tag systems, however, is the in-
ability to directly visualize deployment of  the T-tag from 
the extraluminal side of  the defect without a laparoscope. 
This impaired visualization may contribute to the risk of  
inadvertent injury to surrounding organs, or deployment 
through a vessel. As mentioned previously, inadvertent 
deployment of  a T-tag through the diaphragm during a 
gastric closure was reported to have resulted in a pneumo-
thorax discovered post-operatively[24]. The OverStitch™, in 
contrast to T-tag based systems, employs a lateral needle-
passing mechanism more similar to conventional suturing 
techniques. However, the OverStitch™ still requires as-
sistance from an endoscopic grasper, and may be limited 
by the visual and mechanical constraints of  conventional 
flexible endoscopes. Human use data will be needed to 
adequately evaluate the potential of  the OverStitch™ for 
use in luminal closures. 

The development of  endoscopic anastomotic devices 
for NOTES has proceeded even more slowly than the 
development of  suturing devices. The only reports of  
NOTES procedures with anastomoses have utilized hand-
sewn coloanal anastomoses during colorectal resections, 
or a flexible, powered surgical stapler (SurgAssist™ SLC 
55, Power Medical Interventions, Langhorn, PA, USA) 
during cystogastrostomy[33]. In the cystogastrostomy cases, 
the stapler was passed down the esophagus through an 

overtube, alongside a flexible gastroscope. Although this 
stapler was used successfully to create a cystogastrostomy, 
the authors reported significant difficulty in passing the 
rigid part of  the stapler through the esophagus, even 
through a previously placed overtube. In addition, the 
authors reported significant difficulty directing the stapler 
into the appropriate angle once inside the stomach. Un-
fortunately, since the publication of  the study, the stapler 
has been removed from the market due to the acquisition 
of  Power Medical, Inc. by Covidien (Mansfield, MA) and 
is not currently available for use. Development of  flexible, 
articulating, low-profile staplers is needed to make cre-
ation of  anastomoses or luminal closures during NOTES 
more feasible. Additional features which may make ap-
plication of  stapling technology to NOTES more feasible 
include the addition of  visualization and steering capabili-
ties. These features might allow staplers to be more pre-
cisely directed into difficult to reach areas and fired with 
more confidence.

SPATIAL ORIENTATION
The difficulty with correct spatial orientation during NO-
TES and its consequences in hindering the performance 
of  advanced procedures was foreseen in the white paper. 
These difficulties are inherent to the use of  current flexible 
endoscopes to perform NOTES, and have the potential to 
create not only a difficult operation, but may also increase 
the risk of  complications during NOTES. Perretta et al[34] 
reported a case of  misinterpretation of  biliary anatomy 
during transgastric NOTES which was fortunately recog-
nized, preventing the occurrence of  a common bile duct 
injury. The authors in this case converted to a laparoscopic 
view temporarily to clarify the unclear biliary anatomy. As 
emphasized by the authors, current NOTES techniques 
may alter the usual surgical anatomy that is seen due to the 
difficulty in achieving adequate retraction without laparo-
scopic instruments, and the spatial confusion created by 
retroflexion when using a flexible endoscope. A solution to 
the problem of  difficult spatial orientation during NOTES 
may be the use of  rigid endoscopes whenever possible. 
However, the use of  rigid endoscopes is potentially feasi-
ble only through transvaginal or transrectal approaches, or 
through the umbilicus in the case of  transgastric surgery. 
Short of  using a rigid endoscope routinely, surgeons per-
forming NOTES with flexible endoscopes should have a 
low threshold to convert to a laparoscopic view, even tem-
porarily, to resolve any confusion in regards to the surgical 
anatomy. Although image-guided systems have been de-
scribed as having potential applications for NOTES, none 
of  these systems have been applied in a clinical setting so 
far[35]. Future solutions to the problem of  spatial orienta-
tion may also involve the use of  small, wireless cameras 
that are able to provide a wider, overhead view of  the sur-
gical field, and can be moved to the appropriate location as 
needed. Use of  this type of  camera has been described for 
human single-incision laparoscopy (SIL) cases[36]. However, 
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it should be noted that these cameras are not currently 
FDA-approved.

DEVELOPMENT OF A MULTITASKING 
PLATFORM
The creation of  a multitasking platform to allow the per-
formance of  multiple NOTES procedures with the same 
platform continues to be an issue of  the highest prior-
ity in the development of  NOTES as a viable technique. 
Although several types of  advanced operations (nephrec-
tomy[12,37], partial gastrectomy[38,39], sigmoidectomy[40,41], 
and splenectomy[42]) have been reported using a NOTES 
technique, many of  these procedures have relied heavily 
on laparoscopic instruments for visualization and dissec-
tion. In order for “pure” NOTES (without laparoscopic or 
percutaneous assistance) to become feasible, a multi-tasking 
platform that balances flexibility and maneuverability with 

the ability to provide powerful retraction and instrument 
mobility, as well as an intuitive interface for the surgeon will 
need to be developed. Examples of  the novel application 
of  multi-lumen operating platforms for NOTES include 
use of  a TEM platform (Figure 1) to perform proctosig-
moidectomy, and the use of  the TransPort™ (USGI Medi-
cal, San Clemente, CA, USA) multi-channel access port for 
transgastric NOTES (Figure 2). Use of  a TEM platform 
for transrectal surgery allows the simultaneous use of  rigid 
instruments with a flexible or rigid endoscope to perform 
intra-abdominal surgery. This combination of  operating in-
struments permits strong retraction, while allowing flexible 
visualization and dissection capabilities through the flexible 
endoscope. Current limitations of  such a system, however, 
include the difficulty of  reaching beyond the sacral prom-
ontory with rigid instruments, and the limitations of  dis-
section performed with current flexible endoscopes. The 
TransPort™ device is a flexible, multi-channel device which 
allows passage of  a flexible endoscope through one chan-
nel as well as additional flexible instruments through the 
other channels. This device is flexible enough to be passed 
transgastrically and has the ability to retroflex and assume a 
rigid configuration independent of  the endoscope. While it 
has been used for transgastric cholecystectomy and appen-
dectomy[19,21,23], use of  the flexible instruments through its 
channels is similar to the use of  accessories through a con-
ventional flexible endoscope in that the instruments have 
limited degrees of  freedom and lack the ability to make lat-
eral or vertical movements independent of  the endoscope 
in an intuitive fashion. The limitations of  both of  these 
platforms make them less than ideal multi-tasking plat-
forms for NOTES. However, the development of  a system 
combining aspects of  both platforms, along with robotic 
control may greatly facilitate the performance of  NOTES 
procedures and may be the crucial enabling technology 
that would allow NOTES development to proceed expo-
nentially, similar to the way the development of  the charge-
coupled device (CCD) camera revolutionized laparoscopy. 
Examples of  experimental platforms with some of  these 
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Figure 2  The TransPort™ multi-channel access device from USGI has 
been used as a transgastric natural orifice translumenal endoscopic sur-
gery platform. It has a steering mechanism similar to a flexible endoscope, along 
with multiple, large-diameter channels to accommodate a small-diameter flexible 
endoscope and other large caliber flexible endoscopic instruments (g-Prox® tissue 
anchor device is shown). Image used with permission (©USGI Medical).
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Figure 3  The Anubis® platform from Karl-Storz is an advanced flexible natural 
orifice translumenal endoscopic surgery platform (in development), with a 
tip that opens to expose working instruments capable of multiple degrees of 
freedom controlled by the surgeon. Image used with permission (©Karl Storz).

Figure 1  The Transanal Endoscopic Operations device from Karl-Storz 
allows the insertion of rigid or flexible instruments through the anus and 
is currently used for performing transanal endoscopic microsurgery exci-
sions of rectal tumors. It also has the potential to serve as a stable transrectal 
natural orifice translumenal endoscopic surgery (NOTES®) platform. Image used 
with permission (©Karl Storz). 



capabilities that may be seen in future clinical reports in-
clude Anubis (Karl-Storz, Tuttlingen, Germany, Figure 3), 
EndoSamurai (Olympus, Tokyo, Japan, Figure 4), and the 
Direct-Drive Endoscopic System (Boston Scientific, Natick, 
MA, USA, Figure 5). Economic concerns continue to be an 
issue with regard to the development of  these platforms, 
however. The emergence of  single-incision laparosopy 
(SIL) has caused a tremendous amount of  resources to be 
redirected away from NOTES, towards the development 
of  SIL technology. Although some of  this technology may 
end up being adapted for NOTES, the development of  
SIL will likely delay the development of  NOTES-specific 
technology such as advanced multitasking platforms. Both 
industry and innovators in minimally-invasive surgery need 
to not lose site of  the potential promise of  NOTES, while 
SIL occupies the spotlight.

TRAINING
There are currently not enough data from human stud-
ies to make quantitative recommendations in regards to 
the ideal amount of  previous endoscopic or laparoscopic 
clinical or laboratory NOTES training prior to the per-
formance of  clinical NOTES procedures. Nevertheless, 
a conservative approach described in the white paper 
recommends that NOTES procedures be performed by 
multi-disciplinary teams after a period of  laboratory train-
ing in a properly equipped facility in order to maximize 
patient safety and ensure continuing regulatory acceptance 
of  early NOTES development. 

Future NOTES practitioners will likely need some 
form of  fundamental surgical training, along with plat-
form-specific and procedure-specific training once the 
field has undergone significant development. The current 
paradigm of  performing NOTES primarily with flex-
ible endoscopes is reaching the limits of  practicality and 
safety, and will arguably become quickly obsolete with the 
availability of  advanced multitasking platforms. Thus, rec-

ommendations made in regards to training surgeons for 
NOTES using currently available instruments and tech-
niques may quickly become obsolete. 

COMPLICATIONS OF NOTES
Complications are an inevitable part of  surgical practice, 
especially during the application of  new techniques such 
as NOTES. Intraoperative complications inherent to all 
procedures, such as bleeding, will need to be managed 
appropriately to ensure patient safety. Along with the de-
velopment of  better endoscopic instruments to manage 
hemorrhage, surgical decision-making will need to evolve 
based on laboratory and clinical data. Although the meth-
od of  hemorrhage control will always depend on the situ-
ation and surgeon judgment, it will be useful to determine 
what is realistically manageable using a pure versus hybrid 
NOTES technique, and when it would be most beneficial 
to convert to a full laparoscopic procedure. Unfortunately, 
data from human studies to answer this question are cur-
rently limited. The reported incidence of  bleeding in a 
prospective NOTES registry of  488 transvaginal chole-
cystectomy patients was 0% for intraoperative bleeding, 
and 0.6% for postoperative bleeding, comparable with 
the incidence of  bleeding during laparoscopic cholecys-
tectomy[13]. However, it should be kept in mind that the 
dominant technique in these cases did not include the use 
of  any flexible endoscopes or accessories, and relied heav-
ily on dissection through a transumbilical laparoscopic 
port. These results may thus only apply to NOTES per-
formed exclusively with rigid instruments, as opposed to 
NOTES performed using a combination of  flexible and 
rigid instruments. A more accurate picture of  NOTES 
outcomes from operations performed primarily with flex-
ible endoscopes (with or without laparoscopic assistance) 
may be derived from the registry by Zorron et al[14], which 
reported the incidence of  intraoperative bleeding to be ap-
proximately 2% for transvaginal cholecystectomy (all from 
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Figure 5  Direct-Drive Endoscopic System from Boston Scientific is a proto-
type, advanced multi-channel platform currently in development, featuring 
instruments with multiple degrees of freedom controlled through a bi-man-
ual user interface. Inset figure shows close-up of device tip with a small diameter 
flexible endoscope in place. Image used with permission (©Boston Scientific).
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Figure 4  EndoSamurai is a prototype, advanced platform in development 
by Olympus. To operate the system, a surgeon uses an intuitive, bi-manual 
interface to control instruments with multiple degrees of freedom (inset shows 
close-up of endoscope tip with working instruments). Image used with permis-
sion (©Olympus Medical Systems Corp.).



the cystic artery), 8% for transvaginal appendectomy (all 
from the appendiceal artery), and a combined incidence 
of  4.7% for all transgastric procedures (7% for the appen-
diceal artery and 3.4% from the gastroepiploic artery)[14]. 
Although these rates of  bleeding may seem high, it should 
be kept in mind that all of  these bleeding complications 
occurred intraoperatively and were managed laparoscopi-
cally or endoscopically with the exception of  1 instance of  
gastroepiploic bleeding during transgastric access which 
required conversion to an open procedure. In addition, 
no cases of  delayed postoperative bleeding were reported. 
Future research on the optimal method to control hemor-
rhage during NOTES will likely need to be performed in 
animal models (for ethical reasons), and should involve 
both the development of  new instruments and algorithms 
to help guide intraoperative decision-making.

In addition to bleeding, the authors of  the white paper 
foresaw the possibility that physiologic complications and 
compression syndromes might be more frequently seen 
during NOTES procedures, compared to existing laparo-
scopic procedures. So far the incidence of  these complica-
tions in the literature has been low (0.8% of  362 NOTES 
procedures), however, as reported by Zorron et al[14] in 
a large, multi-institutional registry. These complications 
consisted of  two episodes of  intraoperative abdominal 
hypertension which resolved with desufflation of  gas and 
fluid therapy, as well as one episode of  facial and cervical 
subcutaneous emphysema following transvaginal, retro-
peritoneal cyst excision from the kidney[14,43]. This compli-
cation was reported to have been managed with oxygen 
therapy and observation in the intensive care unit, without 
requiring re-intubation. Although it was reported that 
most groups in the registry used laparoscopic insuffla-
tors through a transabdominal port or Veress needle, the 
case with subcutaneous emphysema used a laparoscopic 
carbon dioxide (CO2) insufflator connected to one of  the 
flexible endoscopic channels with pressure maintained 
between 12 to 16 mmHg. Although the overall incidence 
of  physiologic and compression syndrome complica-
tions was low in this registry report, surgeons performing 
NOTES should be aware that these complications may 
still occur and the risk of  their occurrence may depend on 
the insufflation gas or insufflators used, and the anatomic 
compartment where dissection is performed.

Although the use of  pressure-controlled CO2 insuf-
flation is likely to continue being a key component of  
NOTES procedures, lower insufflation pressures com-
pared to conventional laparoscopy may be feasible, further 
reducing the risk of  compression syndromes and subcuta-
neous emphysema. 

More serious complications during NOTES cases have 
been reported that would otherwise be rare in the corre-
sponding laparoscopic operations. These are worth noting 
to caution those who might be tempted to prematurely 
or over-enthusiastically adopt this still nascent approach 
to intra-abdominal surgery, and also to prioritize areas for 
potential improvement through better patient selection or 

technical modifications to NOTES procedures. Reported 
complications of  this kind during transvaginal cholecys-
tectomy include 4 bladder injuries (0.8%), 2 rectal injuries 
(0.4%), and 1 small bowel injury (0.2%). All bladder injuries 
were reported to have occurred in older, obese women. 
However, it was not clear from the report whether these in-
juries occurred during the establishment of  transvaginal ac-
cess using a transvaginal trocar inserted under laparoscopic 
guidance or whether they occurred during the latter parts 
of  the procedures. The occurrence of  these complications 
emphasizes the extreme care that should be taken when 
establishing transvaginal access, closing the defect, and 
with the use of  rigid transvaginal laparoscopic instruments. 
Similarly, the registry report by Zorron et al noted 2 esopha-
geal hematomas, 1 esophageal laceration, and 1 esophageal 
perforation during 29 transgastric cholecystectomies, ac-
counting for a combined rate of  13.7% esophageal compli-
cations. This is an unacceptably high rate of  complications 
compared to conventional laparoscopic cholecystectomy, 
which is normally performed with minimal morbidity and 
mortality. Investigators from the International Multicenter 
Trial on Clinical Natural Orifice Surgery (IMTN) investiga-
tors addressed this high rate of  esophageal complications 
and recommended the use of  esophageal overtubes to pro-
tect the esophagus during the procedures, especially during 
specimen extraction. In agreement with this recommenda-
tion, a study conducted by our group found that preopera-
tive ultrasound measurements of  gallbladder stones can 
be used to help predict which gallbladders are able to be 
extracted through an esophageal overtube[44]. Gallbladders 
found to be full of  multiple small stones, in which the size 
of  the largest stone cannot be determined, as well as those 
in which the largest gallstone is greater than or equal to 
10 mm, are unlikely to pass through an overtube. Patients 
with these ultrasound findings may be better managed with 
conventional laparoscopic cholecystectomy. Criteria such 
as these may help improve patient selection for transgastric 
cholecystectomy, for example.

Ultimately, once more human data on the risks and 
benefits of  NOTES procedures become available sur-
geons will have to decide whether the benefits of  NOTES 
are worth the risks. It should be kept in mind that just 
because a procedure has an inherently higher rate of  a 
specific complication doesn’t mean it is not worthwhile. 
Laparoscopic cholecystectomy, for example, has been 
shown have increased rates of  common bile duct injury 
compared to open cholecystectomy[45,46]. However, this risk 
is acceptable given that the other benefits of  laparoscopic 
cholecystectomy (decreased postoperative pain, decreased 
wound complications, improved cosmesis, and a faster rate 
of  recovery for patients) outweigh its potential for harm. 
The same type of  analysis weighing the risks and benefits 
of  NOTES will need to be applied to determine its ulti-
mate role in surgical practice. 

NOTES MOVING FORWARD
In the five years since the publication of  the NOTES 
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white paper, there has been a substantial proliferation of  
clinical NOTES publications. Progress has been made ad-
dressing the questions originally foreseen as the likely bar-
riers to the introduction of  NOTES into clinical practice. 
However, NOTES development in the next 10-15 years is 
likely to change surgical practice through a series of  small 
incremental gains, rather than through an overnight revo-
lution as in the case of  laparoscopic surgery. This evolu-
tion may involve first a change in the practice of  specimen 
extraction, with the use of  natural orifices instead of  the 
abdominal wall. Finally, once advanced platforms reach 
the clinical arena surgeons may shift to using the natural 
orifice not only for specimen extraction, but also for dis-
section. The evolution may also occur more quickly for 
some indications than others. For example, esophageal and 
colorectal NOTES applications may evolve more quickly 
compared to hernia, solid-organ, biliary, and general intra-
abdominal applications given the already excellent out-
comes and ease of  laparoscopic techniques in performing 
these later procedures. NOTES may be able to more easily 
establish a niche in the thoracic esophagus, distal colon 
and rectum, or other anatomic locations where laparo-
scopic approaches are currently challenging or where there 
is still significant morbidity with traditional approaches. 
For example, limited resections performed through a natu-
ral orifice may replace the current practice of  removing a 
large segment of  colon or rectum for endoscopically unre-
sectable polyps, assuming that oncologic outcomes can be 
maintained or equaled using alternative methods to assess 
or treat the possibility of  disease in regional lymph nodes. 

Given this likely evolutionary pattern for NOTES, the 
original goals of  NOTES should be re-thought and re-pri-
oritized. Transgastric NOTES in the near-term is unlikely 
to be useful to perform advanced therapeutic procedures 
or operations requiring removal of  bulky specimens, even 
with the appearance of  suturing devices for conventional 
flexible endoscopes. Rather transgastric NOTES may be 
better suited for diagnostic peritoneoscopy, using lower 
profile endoscopes that are able to traverse the gastric 
wall without the need for complicated closures of  large, 
potentially dangerous gastrostomies. In addition to a de-
creased primary emphasis on transgastric NOTES as the 
access route of  choice, the NOTES community should 
re-think its primary emphasis on flexible endoscopy as the 
preferred platform for NOTES, and instead be open to 
the use of  rigid, pre-bent, or articulating instrumentation 
either in concert or instead of  flexible instruments, until 
more advanced platforms become available. 

CONCLUSION
In summary, since the first description of  the concept of  
NOTES, many clinical NOTES cases have been reported 
in the literature, adding to the body of  human data with 
which to begin to answering questions raised by the white 
paper. So far, transvaginal access has been the most fea-
sible access route for NOTES procedures, although there 

is growing experience with transgastric, transesophageal, 
and transrectal approaches. Luminal closure appears to be 
most feasible with a transvaginal approach, with smaller 
but nevertheless good outcomes also reported for trans-
gastric and transesophageal closures. Data on the feasibility 
of  true, intraperitoneal transrectal closures remain limited 
by the fact that the only closures performed to date have 
been hand-sewn coloanal anastomoses. Infection appears 
to be a non-issue with regard to transvaginal and transgas-
tric surgery with the use of  preoperative Ⅳ antibiotics (and 
local disinfection in the case of  transvaginal procedures), 
with additional data required to more accurately estimate 
the risk with transesophageal and transrectal procedures. 
Development of  suturing and anastomotic devices for 
NOTES has progressed slowly, with limited clinical data 
on their use so far. Likewise, the development of  true mul-
titasking platforms for NOTES has been slow and has not 
yet reached the clinical arena. The optimal management of  
intraoperative complications has still not been determined, 
but the data suggest that intraoperative hemorrhage may 
not automatically require conversion to laparoscopy. The 
incidence of  compression syndromes appears low, as long 
as procedures are performed primarily with controlled, 
laparoscopic insufflation using CO2. Additional major 
complications specific to NOTES procedures that would 
normally not occur during the corresponding laparoscopic 
operations have been noted in the literature. These types 
of  complications absolutely need to be reported in order 
to constructively analyze the current status of  NOTES 
and optimize patient selection and techniques to minimize 
their occurrence. As far as recommendations for NOTES 
training, there are no data to provide more specific recom-
mendations outside of  previous recommendations in the 
white paper and those from large NOTES registries. Fi-
nally, it may be useful to re-prioritize the development of  
NOTES to focus on high-yield colorectal and esophageal 
applications that are more likely to succeed in the near-
term, instead of  seeking the holy-grail of  being able to 
perform entire, complicated procedures through transgas-
tric access alone.
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