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INTRODUCTION
The future laparoscopic technology includes threedimensional virtual reality and expands the scanning rate
from 525 lines of resolution to 1,000 or 1,200 lines per frame
and the quality of picture would be twice better than existing
system.
With virtual reality, a three-dimensional computer image
is presented through liquid crystal glasses.
The future of three-dimensional images is not far away
and many instrument companies have prototype in the field
(Fig. 1).
Laparoscopic surgery is growing in such a speed that
three-dimensional image projection system is going to
replace the conventional monitor in near future and surgeon
will get a virtual image in air just above the body of patient.
This new projection system will abolish all the limitation of
current two-dimensional images without depth perception.

Fig. 1: Hologram projection system.

NATURAL ORIFICE TRANSLUMINAL
ENDOSCOPIC SURGERY
Over the past 10 years, the major drive in surgery has been the
development and application of minimal access approaches
to traditional operations. This philosophy has crossed all
surgical specialties and has had a major impact on training,
technological developments, and patient care.
In general surgery, the emphasis has been on
laparoscopic techniques, which can now be applied to the
majority of intra-abdominal procedures. Evidence suggests
that the reduction in trauma to the abdominal wall and the
physiology of the pneumoperitoneum have a positive impact
on patients undergoing abdominal operations.
Although still not widely applied, these techniques have
put surgeons on notice that flexible endoscopy may become
an important component of their practice.
Surgeons have gone beyond the luminal confines of the
gastrointestinal tract to perform intra-abdominal procedures.
With existing flexible endoscopic instrumentation, the wall
of the stomach is punctured and an endoscope is advanced
into the peritoneal cavity to perform various procedures; thus
far, the use of this technique for diagnostic exploration, liver
biopsy, cholecystectomy, splenectomy, and tubal ligation
has been reported in animal models. Recently, transvaginal
endoscopic cholecystectomy is performed in France
(Figs. 2A to F).
After the intervention is finished, the scope is pulled back
into the stomach and the puncture is closed. Several videos
have been shown at scientific meetings that suggest that
at least transgastric appendectomy has been performed in
humans. Other natural orifices, such as the anus or vagina,
also allow access to the peritoneal cavity (Figs. 3A to C).
Although in its infancy, the performance of natural orifice
transluminal endoscopic surgery (NOTES) may, thus, further
revolutionize the field of abdominal surgery.
Obvious questions are raised by the possibilities of NOTES:
■ Is there any clinical advantage to avoiding incisions
in the abdominal wall? Can the visceral wall be closed
safely and reliably?
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Figs. 2A to F: Transvaginal cholecystectomy.

■

Does the flora of the natural orifice lead more to
peritoneal infection?
■ Who should perform these procedures and how should
the individuals be trained in NOTES?
The Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES) and gastroenterologists from the
American Society for Gastrointestinal Endoscopy (ASGE)
held a summit meeting to build a conceptual framework
for the initial safe application of NOTES procedures. It was
acknowledged that the development of NOTES further
blurred the lines between the traditional boundaries of
gastrointestinal surgeons and endoscopists. Several broad
concepts and principles were agreed upon and will soon be
published in detail in a whitepaper.

Safe Application of Natural Orifice
Transluminal Endoscopic Surgery
The concepts included the following: initially, NOTES
should be performed by a team of experienced laparoscopic

surgeons and interventional endoscopists in an operating
room. Clinical procedures should be done under Institutional
Review Board Supervision and entered into a prospective
outcomes database. Basic research is needed to assess the
physiologic alterations caused by the visceral puncture
and the bacteriology of the peritoneal cavity following
transluminal interventions. Collaboration with industry is
critical to the development of effective instruments allowing
traction/countertraction and stable optical platforms as well
as the means to control hemostasis, securely close the visceral
wall, and perform suturing functions and gastrointestinal
anastomoses.
The roots of NOTES have been established, but work is
still needed to refine techniques, verify safety, and document
efficacy. With continued research, NOTES may prove to be a
sound method with clinical benefit to patients. Appropriate
scientific scrutiny, collaboration among gastrointestinal
interventionalists, and effective means of training for these
techniques will be critical on emerging technologies.
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Figs. 3A to C: Introduction of operative endoscope through the vaginal orifice.

Fig. 4: Augmented reality in minimal access surgery.

AUGMENTED REALITY IN MINIMAL
ACCESS SURGERY
Augmented reality is slowly emerging in minimal access
surgery around the world to help the laparoscopic and
robotic surgeons and the operating team (Fig. 4). We have
seen surgeons wearing the Google glass and as technology
evolves, both in terms of devices and software, we are seeing
an extension in applications. Reaching a truly augmented
surgeon through augmented reality will require few more
years. For the time being, augmented reality and virtual reality
are becoming more and more common in minimal access
surgical training and in the preparation of laparoscopic
surgery, letting the surgeon to practice on a virtual patient
that mirrors, accurately, the real patient. The development of
augmented reality devices allows minimal access surgeon to
incorporate data visualization into diagnostic and treatment
procedures to improve work efficiency, safety, and cost and
to enhance surgical outcome.
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