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ABSTRACT

I'1C INTERVENTION" (MITI)

atural orifice transluminal endoscopic surgery (NOTES) is currently an intensely discussed topic. The

debate is extremely controversial, ranging from cuphoric visions to complete refusal, and the future

clinical role of natural orifice surgery is difficult to describe. This chapter analyzes the current techno-

logical status, and addresses the question of whether to enrich the surgical procedures will become an

option. A literature research was undertaken using Medline and Pubmed

Personal experiences and commu-

nications were also included in this state-of-the-art report. The individual barriers currently impeding the

clinical use, as defined by the NOSCAR group, are addressed in detail. With the-'exception of the vaginal

access, no natural orifice-entering technique is already clinically mature. The selective use-potentially in

combination-in a more refined technique than currently, is likely to provide a breakthrough. Most of the

remaining obstacles are just a matter of further progress in advanced medical engineering. However, it

should not be forgotten that the problems to be solved are less than trivial, and close cooperation between

engineers and surgeons is essential. NOTES is still in the carly stages of dcvelopmt‘.nt. Currently available tools

and techniques remain in the pioneer stage. However, worldwide activities in research and development will

lead to promising solutions, which certainly will help to overcome the

NOTES" or hybrid procedures only, surgery will take another step forwarc

-26 -

existing barriers. Whether "pure

toward a less-invasive disc:ipline.
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INTRODUCTION

Less than 20 years ago, ]aparoscop--~

ic surgery cmergcd to minimize the
operative trauma and improve the sur-
gical outcome. After about 15 years
of minimally invasive surgery, the
next, even less-invasive surgical con-
cept of natural orifice transluminal
endoscopic surgery (NOTES) was
developed to avoid even the tiny scars
that result from laparoscopic inter-
ventions.
NOTES began in the animal labora-
tory with a landmark study published
Kalloo and colle agues. They
flc&(nhed a simple transgastric per ito-
neoscopy with liver blO])\\ in a
porcine survival model.! In a short
period of time, many additional
papers were published that demon-
strated the feasibility of even more
complex procedures, such as chole-
aystectomy, appendectomy, lym-
phad(ncdnm\, and others (Iablc 15)
Fig. 1).

It did not take long 1|mt the first
human “NOTES cases” were per-
formed as well (Table 1), However,
only a few were “true” NOTES inter-
ventions according to the definition of

and dissected by eletrocautery.
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NOTES by Baron and coworkers?:

“*NOTES unphoq surgery per formed

cmlosaopxcallx by lmtnl y passing the
endoscope tr ansomlly or transanally,
then transluminally into arcas that
would not otherwise be accessible
endoscopic-nllv 2

In the major ity ol cases, current clin-
ical reports deal with “pwuclo NOTES”
procedures. It has to be emphasized that
the use of a transvaginal approach had
already been established, such as for
removal of gallbladders with large
stones and of the s ‘p( cxmvn after lapwm—
scopic splenectomy. >’

Obyviously, the hurdles to perform
“real NOTES” are still too high to
introduce this new surgical C()Il(‘(‘]’)l
into clinical routine. The relevant bar-
riers for NOTES have already been
identified and named rather early in
the short history of NOTES by a
working group known as NOSCAR
(Natural Orifice Surgery Consortium
for Assessment and R(‘S(‘dl‘(‘h) (Table
un.* They comprehend both medical
and technological c‘lmllcngcs, but the
latter clearly prevail.

The aim of this Lhapte is to
describe the current status of NOTES
and delineate the p]‘ospects to over-

come the currently valid barriers.

Figure 1. NOTES cholecystectomy in the animal model. The cystic artery and duct are already closed by
 hemaclips and dissected. After injection of a blue-dyed solution the gallbladder is separated from the liver

S07.

Access to Abdominal Cavity

To date, the four different e ntry sites
for mtural orifice surgery have been
used: transgastric, transcolonic, trans-
vesical, and—in female patlcnts-—-thc
vaginal approach. So far, none of them
is considered as ideal (Fig. 2).

1.The transgastric route is cur rently
the most popular way to enter the
pgrltonml cavity. Maneuver mg the
endoscope within the stomach is
comparatively easy, and the d degree
of contamination is considerably
lower than in the colon. Several
technical refinements have been
published to facilitate the initial gas-
trotomy, such as the balloon (lx]ala-
tion and PEG technique® or the
submucosal tunnelling. ™ 1 km ever,
some abdominal regions, such as
the hiatus, are difficult to reach by
way of the tnmgwstnc ACCCSs.

2.In female patients, the vagina is a
suitable natural orifice fr)r the
majority of NOTES procedures.
Decontamination is casily achieved
and it is little wonder that most
human series on NOTES were per-

Figure 2. Access to the periteonal cavity is gained
via different routes. The transgastric approach is
currently applied the most often, but provides a
limited view to upper gastrointestinal organs.
Alternatively the abdomen can be entered via a

transcolonic, transvesikal or fransvaginal access.of

a blue-dyed solution the galibladder is separated
from the liver and dissected by eletrocautery.
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formed transvaginally. However, it
is only applicable in 50% of the
patie,nts, and there remains the con-
cern regarding late complications
eg, dyspareunia).’

3. (T]gl’c Er;insvesici] access has been
used for peritoneoscopy and thora-
coscopy.'®!! It is the only orifice
more or less sterile, and closure of
the urinary bladder is safe and casy.
The almost exclusive clisad\fantage is
the restricted diameter, Only small-
bore instruments (<5-mm) may be
used to avoid damage (o the urcthra
and sphincters.

4.The colonic approach is considered
as the most problematic one by
many authors despite the good via-
bility. The main concerns are bacte-
rial contamination and secundar}j
leakage.

In three series, serious c:omplicatious
. () 7 e . .14
occurred in up to 20% of the animals, !> !

The authors developed the so-called
innovative, safe, and sterile sigmoid

access (ISSA). "™ After establishment of

a Huidoperitoneum using a Veress nee-
dle, the gas-contaminating bowel is sep-
arated from the pelvic floor and
rectosigmoid. Using transanal ultra-
sound, an entry point is identified at the
anterior rect()sigmoid junction in safe
distance from the bowel and major ves-
sels. Closure is achieved using a purse
string suture and a Iinp.ar stapler (Figs.
3a & 3b)."”

There will probably be no universal
approach for the entire range of NOTES
procedures. Imaginable is that the trans-

gastric approach will be preferred for

interventions in the lower abdomen,
whereas the transvaginal or transanal
aceess is superior for surgerics in the
upper abdomen. Most interestingly,
own first experience has confirmed that
a dual access may be additionally help-
ful.'®

Prevention of Infection

Prevention of infection is the
Achilles heel of NOTES, since the
sealed, sterile, peritoneal cavity is
entered not through the abdominal
wall, which is decontaminated and dis-
infected easily, but by way of the more-
or-less contaminated intestinal lumen.

As compared to the significance of
this issue, current knowledge remains
scarce. The stomach is usually not cont-
aminated, but as soon as the intragastric
pH is raised, bacterial and ngal'ovcr—
growth is common."” Furthermore, the
mouth and pharynx carry a l‘mav\’y bacte-
rial load and contact with the endo-
scope is inevitable.

As learned from an early study,
NOTES interventions \-\iil‘.!l(,)ut-all‘\,’ gas-
tric preparation or decontamination are
followed by a high rate of abdominal
micro abscesses.! Currently, most
authors recommend gastric lavage with
or without antibiotics. '8 One study

‘Table |
NOTES Animal Survival Studies Conducted to Date
- ; NO'. o.f Survival$t
Author/Year N Orifice Intervention (N?*) Surylvmg Period (d)
Animals
Bergstrom 20063 12 ¢} ANA (12) Y (6) 7-10
Fong 2007%° 6 A PER (6) Y (6) ‘ 14
Jagannath 20057 6 0 FAL (6) Y (6) .40y
Kalloo 2004% 17 0 BIO (5) e .4
Kantsevoy 2005% 2 0 ANA (2) Y@ .
Lima 2006% 8 u BIO (8). SVAGE 15
Merrifield 20062 5 0 OOP, TUB, HYS (5) . AE Eaa
Pai 2006% 5 A CHO (5) LY : 14
Park 2005% 16 6} ANA (3); CHO (5) Y (@8) 14-28
Pham 2006%° 10 A CC (10) Y@ T
‘Raju 2005 5 A CC (5) Y (4) 7
Sumiyama 2006% 5 () APP (2) Y (5) 1-2
Sumiyama 2007°° 6 @] MGC (6) Y (5) 7
Sumiyama 2007 4 0 SEMF (4) Y (4) 7
Wagh 2005°" g 0 OOP, TUB, HYS (6) Y (3) 24
Wagh 2006 6 0 OOP, TUB, HYS (6) Y (6) 14
Wilhelm 20077° 8 A PER (8) Y (8) 10

41 Cadaver also used.

A, indicates anal; ANA, anastomosis; APP, appendectomy; BIO, biopsy;
fallopian tube ligation; HYS, hysterectomy; LYM, lymphadenectomy; MGC, multiple gastrotomy closure; O, oral; OOP,
oophorectomy; PER, peritoneoscopy; SEMF, submucosal endoscopy with mucosal flap; TUB, tubectorny; U, urethral.

*Number of subjecls receiving this treatment.
$Survival refers to monitoring of animals postprocedure for signs of morbidity, mortality, and recovery.

CC, colostomy closure; CHO, cholecystectomy; FAL,

o8




;Fgure 3a, The ISSA access, as described by our group uses a transcolonic
incision and a specially designed trocar system to enter the ahdominal cavity.
The entrance site is prepared under direct control by means of a modified TEM

levice. [t furthermore allows a leak-proof closure of the entrance by stapler

‘application afterwards.

demonstrated that povidone-iodine pre-
vented the development of micro
Cabscesses observed in control animals, !
but other data that also exist show gas-
| tric rinsing with 5 liters of 0.9% salmc
~ salso eftective.

j The transcolonic approach is pre-
pared even more comprehensively.
After water encéma h\'aae iodine or
mtibiotic solutions are usuallv instillat-
¢l and considered to be effect tive, ' 2222
but what the essentials are is dil‘h‘cult
i deseribe. It could be shown, howev-
- o, that povidone-iodine and quater-

nary ammonium antimicrobial solu-
tions lead to a significant reduction of
the amount of colonic flora and pre-

vent postopcx ative mfﬂlmm/( ompli-

cations.’

In our series, we currently usc a
mucosal antimicrobial solution
(Oc‘tgn'iscpt'@’ Schilke & Mayr,
Norderstedt, Germany) after water
enemas. In addition, the fluidoperi-
toneum is established by Taurolidin®
(Bi Pharma, In(gvlhmm, Germany).
Therefore, the good results obtained
encourage us to use the transcolonic

16

F‘gure 3h. Second generatmn |SSA trucar system in the animal lab. The trocar
is mounted to the operation table and guarantees an easy and reliable
approach to the abdomen.

Surgical Overview
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approach more liberally™ (hu 4).
Surprisingly, the debate rc\nrdmfr
sterility and contamination is mmph to-
ly dominated by the Lopu of the
appr oach. Erom the surgeon’s point of
view, the question of being forced to
use instruments and tools that cannot
yet be completely sterilized (flexible
endoscopes and instruments), is at least
troublesome. It is remarkable how little
attention has been given to this issue to

date.

Nevertheless, NOTES is accompa-
nied by a significant intraperitoneal bac-

Table [l
Human NOTES Cases
Po_pulation

| Author/Year N F/M Age Orifice . ‘Pk‘oce_dufre (N*) F%}L‘i‘;’;;p
| Gettman 2007” 1 0/ 58 Ly PER (1) 2 mo
[Hazey 20077 - 10 NR 67.6 (49-79)" O PER (10) NR

| Marks 20077 1 01 70 0 PER, PEG (1) 30 d
|Tsin 2007 3t 3/0 NR v APP (3)* Up to 2 mo
|Burghardt 2008* . 20 20/0 NR vV CHO NR
 Forgione 2008° 3 3/0 48 vV CHO 1 mo
‘'Ramos ?008’ 32 32/0 v 33 Vv CHO NR

| Zornig 2008%' 20 20/0 NR V CHO NR
 Zorron 2008° 4 4/0 35 Vv CHO NR

| '"Mean (range).

{urethral.

. “Number of subjects who received this treatment.

L APP, appendectomy; CHO, cholecystectomy; NR, not reported; O, oral; PEG, “PEG, rescue”; PER, peritoneoscopy; U

_'Only 3 appendectomies of the case series of 100 patients were considered for this review.

tl
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Table III
Potential Barriers to Clinical Practice for NOTES'

Potential barriers to clinical practice

Access to peritoneal cavity

Gastric (intestinal) closure

Prevention of infection

Development of suturing device

Development of anastomotic ‘(non—’suturing) device

Spatial orientation

Development of multitasking platform to accomplish procedures

Control of intraperitoneal hemorrhage

Management of iatrogenic intraperitoneal complications

Physiologic untoward events

Compression syndromes

Training other providers

terial burden that reaches up to 2.4x10°
colony-forming units per milliliter, %
but this becomes smnelv clinically
apparent in most cases.”’ A carel ful
experimental study upon ] NEF-a expres-
sion showed that despite soiling the
peritoneal cavity with luminal mlcrobm
and chemical irritants (such as bile and

gastric acid), the resultant degree of

measured acute systemic inflammation
associated with NOTES appears to be
no greater than ]1p'u‘o~.t0pv * However,

difficult to explain is that the T\F’
dt,]ucsxlon lasted longer than after

laparoscopy and open surgery. Addi-
tional basic scientific and clinical studies
are required to better understand this
particular aspect of NOTES.

Figure 4, Necropsy results after transcolomc translummel surgery. Due to the ‘decontaminating agent
instalied and the secure closure of the entrance no abscesses or adhesions are identified.

ia0:

In teatma] Closure, Development
of Suturing and of Anastomotic
(Non-—Suturmg) Devices

Problem of ¥ l.)(‘t:‘lm)'nlheal?

NOTES is inevitably linked with at
least one perforation: éither the vaginal
wall, urinary bladder, or (SD’ISHUH’ILLSLH]:]‘
(GI) tract. A reliable closure is a condi-
tion sine qua non, in particular, of GI
tract incisions. Primary or secondary
lc:akago is a catastrophc and has to be
avoided by any means.

Likewise, any full-thickness resection
of the GI wall or circumferential sleeve
resection requires a reliable technique of
viscerosynthesis. lndcpt ndent  of
whether only a small incision has to be
occhuded or a circumterential anastomo-
sis has to be performed, the surgical
technique should provide:

¢ adequate blood supply

¢ lack of tension

4 inclusion of the submiucosa
¢ air-tight repair

Many devices currently evaluated for
NOTES do not yet meet these require-
ments.

Before the oncoming of NOTES, clips
were a]rmdv used <)(*L,aswnally by Endo-
.scoplsts to occlude ‘dofmts of the Gl

apply and time onsummg, hlé:hl_\,’ techni-

cal, and expensive.”® Rec
developed OTSCY dey
Tubingen, Germany) was pr(_sultcd o
Further studics are needed to confirm
whether it is really more advantageo v

The most reliable and fa
achieve viscerosynthesis is the use of sta-
plers. For NOTES’ purposes, they need

tly, the newly

way 10
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Table IV
Assessment of Current Gastrointestinal Occlusion Techniques™
Procedure l;;‘:sm; Safety Applicability Availability lmgggo‘:fs
Nocioa . = b . Urinary bladder
only

.‘?ﬁ: :::51 c;sal medium ? stomach only exp. high
Clips low Low: high com. available medium
 Endorivet medium High high exp. high
Tie Tag high High high exp. high
Eagle Claw high High ? exp. medium
Gl Prox high High i exp. high
0TSC low/medium High no lesion com. Available high
Plicator medium High 2 com. Available high

| Linear Stapler medium High medium com. Available medium
Circular Stapler medium High low com. Available low

com = commercially; exp = experimental

-

S

figure 5. The Endorivet® is a revolutionary modality for endoscopic closure of intestinal incisions or perforatlons. The rivet is applied via a liberator device and
dosed by adaptation of implemented plastic cramps. The sharp tip of the rivet is built of magnesium and dissolves autonomous in the acid gastric juice.
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to be llexible, and the first examples are
already available.* The first experimen-
tal studies were performed to occlude a
gastric lesion, * For a broader range of
lndlcm(ms, they have to be miniaturized
and the head remotely controlled,
including an integrated u,lescope A uni-
versal dncl safe tu,lml(.lue is not currently
available (Table V).

Spatial Orientation

- Endoluminal surgeons and intracavi-
tary surgeons live in different worlds,
with a (omplgtcl\ different perception
ot the anatomy. Laparoscopists need,
and are accustomed to, an “anatomical
horizen.” Endoscopists are familiar with
the exclusively prograde view to the
object and coaxial action of the instru-
ments. The GI lumen, even in the stom-
ach, is comparatively small, which
mal\u illumination and 1muiﬂatlon easy.
The field-of-view of modern ﬂemble
endoscopes is completely sufficient to
perceive the surgical site, and reliable
anatomical .lax1.<:|.1na1k.s are available for
sp'xtial orientation. As soon as the GI
tract is left and the huge cavity of the
abdomen is entered, the \voerg condi-
tions Lhzmuc- \Igan canth It is unpomb]c
to aclmw an o\e‘\'lew or panorama
view, because of the limited angle of the
view, weak illumination, and inadequate
position of the endoscope. Spatial orien=
tation has to be gained b}* a mental syn-
thesis of innumerable single visual
segments, which is even mow difficult
du(. to the paucity of distinct and stable
anatomical landimarks (Fig. 6).

However, it may be .expected that
computer science will soon be able to
make intuitive nawgatlon into the
abdominal cavity pmsxble 3340 Augmcnt-
ed reality can be oréated by using pre-
proccdur“ computed tomogx aphy (CT)
or magnetic resonance imaging (MRI),
real-time tracking of the endoscope, and
reference image registration, which will
be helptul in identifying the optimal per-
foration site or find the route to the
,,mtrapu itoneal tar: 's:ct 'l

New methods, such as the “timie-of-
ﬂlght enable engineers to define exact]s
the spatnl position of each single object
within the visual field. Surface rmdermg
is, thus, feasible as well as mosaicing the
vast number of images taken from vari-
ous visual segmc‘nt.s of the abdomen?
and a panorama view is reconstructed.
The abdominal cavity is visible in its
entirety, far beyond the small segment
utual]\ visualized by the endoscope.

Lot
o
ot

4N B

Fgure 6. The orientation problem inside the abdominal cavrty currently is widely ignored; computer soft-
ware and mtelllgent imaging processing potentially might provide supporting ambient information and a
virtual reconstruction of the scenery.

Moreover, the precise spatial information - Development of Multitasking
is extremely helpful for use of instru- ?latform to Accomplish
mentation plationns by ddlnlng ‘torbid- - Pr cedures

den zones” etc. It may be antlcq:iated hat
these s1gmﬁcant improvem ts in spatial
orientation will make i
interventional techniques
ter and use in clinic practi
more likely to be w ul(_lv ad()pt(.d

Figure 7. Multitasking platforms, such as the HVSPS®, may transfer the surgeon actions inside the abdomi:
nal cavity and therewith facilitate even complex interventions.

S99



perform important maneuvers of manip-
ulatmc tissues, and to set: up fraction and
()L'mt er traction for exposure and divi-
sion of anatomical structures.
Although a great deal of developmen-
| work remains to be done, building up
the hardware is the minor pr()l)lmn
Some systems, such as the Octopus,*?
Direct Drive Endoscopic S\stcm
(DDES),™ the miniature robot,* or our
own highly versatile single-port system

(HVSPS)," are already in exper imental

evaluation (Fig, 7).
Serious problems, however, arise as
oon as the surgeon or surgical tecam
fbtgm woerg with mechatronic support
vstems under clinical conditions. The
ntrol of multiple devices and [unctions
is excessively demanding.'® It is incon-
ceivable that humans are able to master

this task without intelligent support of

- something like an autopilot in aircraft
industry.
Two critical interfaces have to be con-
idered: the interface between anatomy
and the machine, and the interface
between the machine and the human
_Operator.
The task of computer science and

Surgical Overview
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medical engineering is to provide safety

and efficiency of manipulating the tissue

with mechanic end effectors by creating
automated actions, identitying and avoid-
ing potentially dzmécrou.s sxtmnons, ete.V?

Computer science should alleviate the
use of these types of complex technical
systems by supporting decision- makmg
and oﬂhrmu help to the user in perform-
ing the mqun’ed manipulations. Thus,
multltaskmo plat(orms will become part
of an mtegratcd Operating Room envi-
ronment, which additionally offers a
broad rage of functionalities such as spa-
tial orientation, as already mentioned, or
automatic workflow analysis and
support,®*” and provides the optimal
working conditions for NOTES,

Control of Intraperitoneal
Hemorrhage

The control of intr aoperative bleeding
and reduction of blood loss is a corner-
stone of modern surgery. Endoscopic
hemostatic techniques, however, are
moatl\' confined to weak surface bkcdmg
(r\rcron beaming, epinephrine injections,
clectmcautc\rv etc). If a distinet vessel

can be 1dent1t1ud clips or (‘ndoloops can:

be applied. However, in general, NOTES
techniques to manage acute and heavy
blcudmgs are still limited and xapld con-
version to laparoscopic surgery is recom-
mended. However, it is to be expected
that both of the two major advances that
stimulated the development of laparo-
scopic surgery so greatly within the last
years will soon be adapted for NOTES as
wc]l impedance-guided electrocoagula-
tion and ultrasonic dissection. As soon as

‘miniaturized probes arc available,

NOTES interventions will be blthumﬂv
enhanced.

Management of Physiologic
Untoward Events, Compression
Syndromes

The degree of invasiveness of a surgi-
cal pr ocedure is not defined by the sum
of incision lengths, but rather b) the gen-
eral physiological insult C\pu‘lumud by
the patient. Intraabdominal transluminal
endoscopy certainly creates new prob-
lems that do-not have a role in conven-
tu)rnl chagnostxc o1 mu,r\cntlonal
e-ndoscopv Heaa b

Fgure 8. ELITE is a universal training phantom for Iaparoscoplc, endoscoplc, and NOTES specnﬁc tasks The female model is eqmpped with a realistic reproduc~
tion of intestinal organs and supports endoscopic examinations and training of complex transluminel procedures.
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laparoscopy, but unknown is whether
22
pneumoperitoneum during NOTES will

X i i i M Pl
behave in an identical fashion. In our own

study, on-demand insufflation with a stan-
dard endoscopic light source/insufflator
resulted in a marked increase and wide
variation in intra-abdominal pru‘:uru
throughout transgastric peritoncoscopy.” 20
1\Ithouah only ai hemodynamic changes
were «)bsuxul major increases in inspi-
ratory pre SSUTE suggest a need for stricter
control of intra-abdominal hypertension.
How far these results may be transferred
to humans remains to be further investi-
gated, but dedicated NOTES insufflators
\\JU certainly have a pressure control.

Other issues of current and future
in\fcstigation an
air, the prevention of gas embolism, and
other phenomena like thrombo-cytope-
nia.’! Advances in this field will not revo-
lutionize natural orifice surgery, but will
improve feasibility.

'Irammg Other Providers

It is a peculiarity of NOT ES that the
cognitive abilities and manual skills of
- both an Endoscopist and of an experi-
enced Laparoscopic. Surgeon are
required. A(*(T)rcling v, the need for edu-
cation and training is only possible in ani-
mals. Inorganic tnmmo systems [either
mechanical or wmputu* based™ provide
training lacilities either for laparoscopy or
endoscopy, but not for hybrid surgery or
NOTES. The first training manikin dedi-
cated to education in NOTES is the

“endoscopic/laparoscopic interdiscipli-

nary training entity ELITE (CLA,
6 ()buru (xcrmdnv) It offers to simulate
5tandard access Lcchniques (transoral,
transanal, transvaginal) and perform cur-
rent NOTLES interventions (eg, perito-
neoscopy, cholecystectomy, appen-
dectomy) using tlw usual uxdoscoplc
instruments (Fig. 8).%

However, the degree of immersion is
physically limited in mechanic models. In
the long run, computer-based learning
environments for virtual reality have to
be provided. As in minor access surgery,
or endoscopy, they are indispensable to
shorten the way from bench to bedside. **

CONCLUSIONS

The theoretical concept of NOTES as
another step toward completely non-
traumatic surgery is certainly exciting,
However, dns vision remains far aw ay

-e the use of CO ; instead of

from becoming a reality.

Even though some reports on “scarless
surgical pmculuru have already be un
publlshul it is obvious that NOTE
using tlexible endoscopy alone, is
cxtlemcl\ difficult and may be applied in
only c:\.cc:pt]onal cases. The use of addi-
tional, auxiliary transmural instruments,
however, already offers a surgery without
visible scars that may be a new alternative
to conventional ]apa‘roscopic surgery in
selected cases.

Further progress in biomedical engi-
neering is predictable and, likewise, icdb
cated and most helpful new tools for
NOTES can be expected. Accordingly, it
is not a matter of why but w hen real
NOTES will be available as a standard
technique in modern surgery. In theory,
even possible is that NO'T ES could substi-
tute hpams( opy as the primary appr oach
in the surgical treatment of various dis-
eases, but more probably its main role will
be that of a super low-invasive alternative
to standard laparoscopy in sclect cases. il
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