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It is unique in one’s career in medicine to see a true
paradigm shift that significantly changes patient manage-
ment. This generation experienced such a paradigm shift
with the introduction and development of laparoscopic
surgery. Amazingly, it is possible that we are on the verge
of another paradigm shift, which is being called Natural
Orifice Translumenal Endoscopic Surgery (NOTES). Al-
though the translumenal approach may hold tremendous
potential, there are many issues that need to be addressed
before this technique is introduced into clinical care, not
the least of which is the issue of building skill sets required
to perform these procedures. It is anticipated that the skill
sets needed will be a hybrid that includes laparoscopic
skills as well as advanced flexible endoscopic skills.

As a result, a working group consisting of expert laparo-
scopic surgeons from the Society of American Gastrointes-
tinal Endoscopic Surgeons (SAGES) and a group of expert
endoscopists currently working on NOTES representing
the ASGE came together for a meeting in New York City
in July 2005. The White Paper, published in this issue of
Gastrointestinal Endoscopy, represents a report of the
proceedings of that working group. The overriding goal
of the meeting was to produce a document that would
serve as a guide for the responsible development of
NOTES. The working group strongly recommends that
teams of investigators with laparoscopic and flexible endo-
scopic expertise form at institutions that wish to partici-
pate in the development of NOTES. The group also
strongly recommends that investigators conduct their re-
search with the approval of their Institutional Review
Board and report their experience in peer-reviewed jour-
nals. Finally, ten critical areas that will impact the safety
of NOTES have been identified, with a call for organized
active research to be done in these areas.

It is exciting to contemplate the potential for NOTES in
improving patient care and to know that ASGE and SAGES
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have taken the lead to ensure that it is developed in a safe

and responsible manner. This White Paper represents a co-
operative effort to accomplish that end.

Robert H. Hawes, MD

ASGE President, 2005-2006

The growing capabilities of therapeutic flexible endos-
copy have ushered in a new era in the treatment of gastro-
intestinal conditions. Refinements in laparoscopic surgery
have progressed to the point that complex surgical proce-
dures, such as gastric bypass, can now be performed in
a minimally invasive fashion. These trends have set the
stage for the development of even less invasive methods
to treat conditions in both the gut lumen and in the peri-
toneal cavity. It seems feasible that major intraperitoneal
surgery may one day be performed without skin incisions.
The natural orifices may provide the entry point for surgi-
cal interventions in the peritoneal cavity, thereby avoiding
abdominal wall incisions. In the first published descrip-
tion, Kalloo et al' demonstrated the feasibility and safety
of a per-oral transgastric endoscopic approach to the peri-
toneal cavity with long-term survival in a porcine model.
This was soon followed by other transgastric peritoneal
procedures in the porcine model, including tubal liga-
tion,” cholecystectomy; gastrojejunostomy,” splenectomy,”
and oophorectomy with tubectomy.6’7 Although there are
no publications, Rao et al have described transgastric
appendectomy in humans (personal communication).
There have been two excellent editorials on this potentially
emerging field.®’

To discuss this vision, 14 leaders from the American
Society of Gastrointestinal Endoscopy (ASGE) and the
Society of American Gastrointestinal and Endoscopic Sur-
geons (SAGES) met in New York City on July 22 and 23,
2005. The participants are listed in Table 1. All agreed
that Translumenal Endoscopic Surgery could offer signifi-
cant benefits to patients such as less pain, faster recovery,
and better cosmesis than current laparoscopic techniques.
The group identified the barriers that needed to be sur-
mounted for the development of translumenal endo-
scopic intraperitoneal surgery and developed a list of
next steps and guidelines to move this concept ahead.
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TABLE 1. SAGES/ASGE Working Group on Natural
Orifice Translumenal Endoscopic Surgery

Anthony Kalloo, MD Co-Chair, Johns Hopkins Hospital
David Rattner, MD Co-Chair, Massachusetts General Hospital
William Brugge, MD, MGH Gl Associates

Christopher Gostout, MD, Mayo Clinic

Robert Hawes, MD, MUSC Digestive Disease Center

Sergey Kantsevoy, MD, Johns Hopkins Hospital

Michael Marohn, MD, Johns Hopkins Hospital

Jay Pasricha, MD, University of Texas Medical Branch

Jeff Ponsky, MD, Cleveland Clinic Foundation

William Richards, MD, Vanderbilt University Medical Center
Richard Rothstein, MD, Dartmouth-Hitchcock Medical Center
Nathaniel Soper, MD, Northwestern University

Lee Swanstrom, MD, Oregon Health Sciences University

Christopher Thompson, MD, Harvard Medical School

TAXONOMY

Although initial procedures have been performed via

a transgastric route, it is conceivable that other routes of

access to the peritoneal cavity may be preferable (such

as transvaginal or transcolonic). The group therefore
agreed that the term Natural Orifice Translumenal Endo-
scopic Surgery (NOTES) best described the emerging
field. Inclusion of the word Surgery was felt to be essential
because tissue resection and repair is the ultimate goal
of accessing intraperitoneal organs. The participants of
the retreat named the working group as the Natural

Orifice Surgery Consortium for Assessment and Research

(NOSCAR). It was immediately acknowledged by all that

many key investigators in this growing field were not pres-

ent at this initial meeting and the intent was to expand
participation in NOSCAR to those meeting the following
criteria at this time:

1. Must have a multidisciplinary team, such that the team
possesses both advanced therapeutic endoscopic skills
and advanced laparoscopic skills.

2. Should be SAGES and/or ASGE members.

3. Must have animal laboratory facilities to perform re-
search and training.

4. Must agree to share lab results with other NOSCAR
members at semiannual group meetings.

5. Must agree that any and all human procedures be per-
formed only after obtaining Institutional Review Board
approval (IRB).

6. Must submit all cases to an outcomes registry that will
be maintained by the sponsoring societies.

TABLE 2. Potential Barriers to Clinical Practice

Access to peritoneal cavity

Gastric (intestinal) closure

Prevention of infection

Development of suturing and anastomatic devices
Spatial orientation

Development of a multitasking platform to accomplish
procedures

Management of intraperitoneal complications
Physiologic untoward events

Compression syndromes

Training

Other

FUNDAMENTAL CHALLENGES TO THE SAFE
INTRODUCTION OF NOTES

The group was surveyed prior to gathering in New York
about the potential barriers to performing NOTES, and
each of these barriers was discussed in depth (Table 2).
There were significant differences of opinion between sur-
geons and endoscopists of the importance of certain bar-
riers, particularly prevention of intraperitoneal infection,
the need to maintain spatial orientation, the need for a
stable platform, and the management of intraperitoneal
complications. There was immediate consensus on the
criticality of a secure gastric closure, understanding the
physiologic changes likely to be caused by NOTES, and
the need to train adequately before performing these pro-
cedures. Over the course of the meeting, views were ex-
changed and consensus was achieved on nearly all items.

Peritoneal access

Achieving access to the peritoneal cavity in and of itself
was not felt to be a barrier, but the optimal techniques to
do so as well as the optimal location for access are un-
known. Most investigators are using a modified PEG tech-
nique, entering the peritoneal cavity through the anterior
gastric wall and then dilating the tract to 18 mm with a bal-
loon dilator. Other investigators are tunneling through the
gastric wall in a manner that creates a flap valve to simplify
gastric closure or are using an endoluminal grasping tech-
nique to cut through the stomach. The optimal puncture
site for performing a cholecystectomy is likely to be differ-
ent than for performance of a splenectomy or gastrojeju-
nostomy. It is even conceivable that a transcolonic (i.e.,
hepatic flexure) approach may be the best route for
performing a cholecystectomy. These are important
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considerations to be worked out as procedure develop-
ment occurs.

Gastric closure

If NOTES is to reach human trials, a 100% reliable
means of gastric closure must be developed. The puncture
site(s) can be closed by sutures, clips, or a technically sim-
ple closure device. Animal work to date would suggest
that a solitary puncture site can be closed fairly readily
by any of the above methods. However, if two or more in-
struments are passed through the gastric wall at different
sites, there is potential for shearing forces to develop and
complicate closure. Surgeons in the group noted that
anastomotic leaks are seen in up to 10% of laparoscopic
gastrojejunostomies when tested in the operating room
and thus felt evaluation of the integrity of the gastric clo-
sure should be part of the intraoperative protocol to en-
sure safety of the first transgastric procedures. A 1% to
2% leak rate is not acceptable given the safety of other
minimally invasive approaches to cholecystectomy, tubal
ligation, etc. Therefore, this is a critical area of very active
research and development at the moment. Most animal
experiments have been performed in porcine models,
and it is possible that other models are more suitable to
test gastric closure devices prior to human use.

Prevention of infection

The use of a transgastric route to access the peritoneal
cavity may increase the risk of intraperitoneal contamina-
tion and infection. In early laboratory work, intraperito-
neal abscesses were occasionally observed; however,
maneuvers to sterilize the stomach prior to gastric punc-
ture, as well as use of a sterile overtube, seem to have
reduced the incidence of intraperitoneal abscesses, pro-
vided that the gastric closure is secure. To date, no one
has quantified the bacteriologic load that the peritoneum
is exposed to during a transgastric procedure. There is ex-
tensive surgical experience with bacteriologic contamina-
tion of the peritoneum during bowel surgery, and this is
usually well tolerated, provided the patient receives pro-
phylactic antibiotics and gross spillage is avoided. There-
fore, the group felt that although more study of this
problem is needed, it was unlikely to pose a major barrier
to procedure development.

Suturing and anastomotic devices

This topic created perhaps the widest diversity of opin-
ion among the working group. Many felt that the ability to
suture would ultimately be an essential skill. Suturing
would provide maximal flexibility for the therapist to
handle a wide variety of problems. However, the group
acknowledged that laparoscopic cholecystectomy was in-
troduced prior to the widespread adoption of laparoscopic
suturing capabilities and that the initial translumenal pro-
cedures would likely be those that did not require this capa-
bility. Some working group members remained concerned

that for gastric closure to even be ready for human trials, su-
turing capability will be needed for correcting inevitable
(even if rare) failures of mechanical device closures. The
early devices for endoscopic suturing have been cumber-
some, but there is active research and development in
this area. The group felt that it was essential to remain
open to other methods of tissue approximation such as bi-
ologic glues and laser welding. As more complex proce-
dures develop, there will be a need for anastomotic
devices. Because suturing appears as though it will be cum-
bersome, mechanical devices that create an air- and water-
tight anastomosis will ultimately be needed. The ability to
use modifications of current stapling devices delivered via
flexible endoscopes would seem a desirable goal.

Maintaining spatial orientation

Gastroenterologists are accustomed to working in line
with their camera and light source because all instruments
pass through working channels on the endoscope. Lapa-
roscopic surgeons working in larger spaces and with mul-
tiple instruments and access ports, however, are acutely
aware of the problems that develop when working off
the axis of the camera angle (i.e., off axis). Many NOTES
procedures will be performed with the endoscope in a ret-
roflexed position and require secondary (perhaps even
percutaneous) access sites creating situations in which
the image is upside down and an off-axis manipulation is
required. With experience, some of this spatial incongruity
may be overcome, though it will prevent complex proce-
dures from being performed with the speed and facility
that total in-line visualization would allow. This was per-
ceived as a major barrier to performing advanced proce-
dures (i.e., those procedures that would require two
or more instruments and assistants). Potential solutions
include incorporating visualization systems into the plat-
form technology discussed below, electronic image stabili-
zation/inversion, and the use of multiple cameras to
achieve the appropriate in-line view of the working area.
If the principles learned in advanced laparoscopic opera-
tions are applicable to NOTES, then orientation, as well
as triangulation, will be fundamental requirements for any
NOTES surgical system.

Development of a multitasking platform

For the simplest transgastric procedures (e.g., perito-
neoscopy, specimen retrieval) a multitasking platform
may be unnecessary. However, for NOTES to develop fur-
ther, a multitasking platform is critical. Many important
maneuvers for manipulating tissue are difficult to perform,
even with a two-channel endoscope. For example, aggres-
sive grasping of tissue to set up traction and counter-trac-
tion for exposure and division of structures is currently
not possible. The flexibility of the endoscope, which pro-
vides a great advantage for traversing the gut lumen, is
a disadvantage when applying force to tissue because it
is very difficult to both push and pull at the same time.
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Fixation and stiffening the endoscope will be essential for
translumenal procedures. Because these procedures will
require a team to manipulate instruments, devices with
multiple ports are likely to be important. The role of ro-
botics in this area seems promising, though a great deal
of development work remains to be done. Voice activation
technology may ultimately play a role in giving the thera-
pist control of multiple devices, but initial development
should focus on manual tools that ultimately can be mod-
ified for robotic control.

Management of intraperitoneal complications
and hemorrhage

Clearly the best way to manage complications is to per-
form procedures in such a fashion as to minimize risk.
However, it seems inevitable that as more complex proce-
dures are performed, intraperitoneal complications such
as bleeding, bowel perforation, and splenic injury will oc-
cur. The management of significant complications solely
with current transgastric devices would be difficult. The
working group felt it essential that surgeons and gastroen-
terologists perform these procedures as a team in a fully
equipped operating room with the patient under general
anesthesia. Managing these complications requires recog-
nition and timely intervention. With refinement of endo-
scopic suturing techniques, repair of injured organs may
take place via the translumenal platform. Until that time,
however, it seems prudent that procedures be performed
either as hybrid procedures (i.e., combined translumenal
and laparoscopic) or that laparoscopic backup is instantly
available. Although it is anticipated that many of the com-
plications will be those that surgeons have experienced in
laparoscopic and open surgery, there may be a new set of
complications that are unique to NOTES. Therefore, it is
essential that all cases are reported to a central registry
that can track complications and spot trends or unique
complications that an individual investigator might not
appreciate. Rapid dissemination of this information is felt
to be one of the key functions of NOSCAR.

Physiologic untoward events

The physiology of pneumoperitoneum has been exten-
sively studied, but it is not known whether pneumoperito-
neum during NOTES will behave in an identical fashion to
laparoscopy. One participant in the working group re-
ported wide fluctuations in intraperitoneal pressure dur-
ing a recent animal experiment. Insufflation through
flexible endoscopes is currently not pressure controlled,
and the flow rate is much less than that of a typical lapa-
roscopic insufflator. The tightness of the seal by the stom-
ach around the flexible endoscope may vary with tissue
characteristics and, hence, the flux of gas and mainte-
nance of pneumoperitoneum may require better instru-
mentation. Another concern is loss of domain if the
bowel is opened because air or CO, can enter the bowel,

causing massive bowel distention. Because intraperitoneal
pressures in excess of 15 mm Hg are detrimental, systems
that control intraperitoneal pressure are needed. The
working group also discussed whether or not insufflation
should occur with CO, or room air. Although room air
does not support combustion and hence is probably
safe, CO, offers the advantage of rapid absorption and
therefore is probably the gas of choice for establishing
and maintaining pneumoperitoneum.

Training

Clearly the boundary between GI surgery and thera-
peutic GI endoscopy is already blurred. Although some in-
stitutions are developing training programs for digestivists
incorporating both surgical and gastroenterologic train-
ing, it seems likely that in the short term, a multidisciplin-
ary team is needed for any institution that wants to
perform NOTES. In the long term, there may be turf
and credentialing issues for people performing NOTES,
but for the near term, teamwork and communication
among interested parties is critical. It is too early to estab-
lish guidelines for training when the NOTES procedures
barely exist and there is very little human experience.
However, the fundamental skill set necessary to perform
NOTES is apparent and, therefore, the working group re-
quires that training should occur as a team in a facility with
good animal resources and equipment. The initial cadre
of NOTES physicians will likely need to train each other.
Their experiences need to be carefully documented and
reported Poor outcomes by physicians not thoroughly
trained in NOTES procedures could lead to regulatory in-
tervention, preventing development of a technology that
would ultimately benefit many patients. As procedures
are developed and subsequent safety and efficacy are es-
tablished, guidelines for training, as well as courses, can
be developed by SAGES and ASGE.

NOTES: MOVING FORWARD

For NOTES to mature into a viable technology, both
procedure and device development must continue. At
this stage, NOTES must be performed by a team that
has the skills of an advanced therapeutic endoscopist
and a laparoscopic surgeon, who in many instances will
bring unique but complementary skills. There are a num-
ber of other fundamental issues, many of which are de-
tailed above, that need to be understood prior to the
safe introduction of NOTES. These are best addressed in
laboratory settings (Table 3). Having supportive laboratory
data is an essential step prior to approval from regulatory
agencies like the FDA or IRBs for performing initial
NOTES. The most important areas for initial study are
the following: gastric sterilization/intraperitoneal contami-
nation, safe peritoneal access and secure gastric closure,
image display and maintenance of spatial orientation,
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TABLE 3. Recommended Initial Animal Laboratory
Studies for NOTES

Bacteriologic assessment of gastric fluid after irrigation

with antibiotics versus saline solution

e Assessment of intraperitoneal pressures during various
insufflation and surgical techniques

e Assessment of security of various gastric closure devices

e Evaluation of postoperative gastric motility and function

after NOTES

development of stable working platforms, physiologic per-
turbations, and tissue approximation methods (suturing
and others). NOSCAR believes that these efforts ought
to be coordinated in order to achieve results in the
most efficient manner. SAGES and ASGE are organization-
ally suited to obtain funding and coordinate grants to ad-
dress the specific issues above. Funding for this research
should come from a combination of industry and govern-
mental agencies with the research committees of the Soci-
eties acting as grant reviewers.

The first human procedures must be IRB-approved and
recorded in a registry. Results of such work, even if unfavor-
able, should be reported at the Societies’ national meetings
and at related programs. We must use the experience gained
from the significant learning curve of laparoscopic cholecys-
tectomy before widespread use of NOTES. If deemed feasi-
ble, then early comparative trials of NOTES versus
laparoscopic cholecystectomy should be encouraged.

The leadership of SAGES and ASGE is hopeful and en-
thusiastic about this burgeoning new field and is commit-
ted to safely developing and introducing a technology that
may benefit patients as the next wave of minimally inva-
sive therapy.
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