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CT-guided Transbronchial Needle Aspiration—Tsuchida et al

Figure 1. TBNA of hilar lesion. Multi plainer reconstruction and thin section CT images of CT guided t:énsbron—
chial needle puncture was performed. Image of multi detector CT demonstrates the TBNA needle in a nght hilar le-

sion.

Figu're'Z. A false negative case. Tip of the needle is located ina mediastinal lesion. Contrast enhan'ce'd.QT image
is-also shown: The point where the tip of needle is located is seers to be in an enhanced area. The enhanced CT

was performed 2 weeks before the CT guided TBNA.

DS E AL, HEPICSH RO T TEHTELH
s ok E RS, CTERT TRARONE
AT LRBICHAAOEEEZITo 2. WANLES

SURIAADOREDH, FEERTICTHHEIDSHEIWL

BLERETo7%. SHHEELHIC CTERETVEO
SWERBL, WoHIIy—4y FAICEHEIEVIBE
i, WA, WAROBRELTY, FRNEPLIEL
7z CTEBRICTHENS —7 v FREHZ L ICAL

BB, ¥ —% v b EABD thin section CT % # K
L, IHBEOEVCTIRTSY —4¥ v FAICHEYTD
I ERHBL, RIMBEBEToA (Figurel). Btk
R, BRI 2BBELTh oiket2iTo 2. CTERB X
UF thin section CT D|E R TR TEB VBB L RES
Wi U CEMD S RAWBEL B 5 L DT L. ERE
ORFEMEZ L HEMBZ T o, Boh/HK
HEPBIRMIZPEVWBSICEEER X ITo .
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CT-guided Transbronchial Needle Aspiration—Tsuchida et al

Table 1. Results of CT-guided transbronchial needle aspiration

Side . Target LN Gender FNA Final diagnosis
Left ~ B male ad ad
Trachea 7 male sm sm
Trachea 3 male Icnec lenec
Left - 11 male - nec nscle
Right 10 male -~ class2 sq |
Left 1 ‘male nscle nscle
Trachea 3p male classl sq
Right 4 female ad ad
Right - 1 male sm sm
Right 11i female ad ad
Trachea 3 male classl inf
Right 1 female _nsclc nscle
Trachea 3  female class2 sarcoidosis
Trachea 7 female classl Hodgkin
Right 11 male “ad ad

LN: lymph node, ad: adehoca.réinox_na, sm: small cell carcinoma, lcnec:

" large cell neuroendocrine carcinoma, nec: necrosis, sq: squamous cell -

“carcinoma, inf: inflammation. °

Table 2. Sensitivity and specificity of CT guided TBNA

BT, 57y FARCH Y, BE CTERE EL
Th, SOEWIMHESH2BHcHBEEI LN

‘Malignant Benign ‘
Positive 9 0 (Figure 2). Hodgkin V) ¥ /{[E TiXet R IBIUB T
Negative 4 2 TEEESIHS VS EARIBHE N T D6, Hodgkin U ¥ /8

Sensitivity = 69% ; Specificity = 100%.

CTHA FICEBERDER B LUEBE

CT A A FTTORES L UHMPIHRKREDEROER
% Table 1 1277, 15 B 11 1, 73% TIER = BHT
ELLHES W, EFIIDE VD, REIL 69%, KR
BEiE 100% T > 7= (Table 2). 16 Hl5 4 FITRIRHEHIA
U, BEEADS L 26T, [EXLEMILS XU
MBABEDH AR E TV 7. =S DEFITIE, CT
EREESY—%y FAICSHORBIBBENRTEY, &
.n®$WﬁuﬁWKﬁ§iL&ﬁﬁﬁ%ib,%D&@
BRI ORI RNT 5 LA TERP o d
NEZEXLND. T, B0 15ITIE, WHEREICIZIRG

DALz b D BT L 7 ASEBR T IIEAR D I TR

KESEdo k. ZOERITIE, CT 1 FTEREBR
LIRMBRARE A A DB % 87, LLEo 381k, BREM

RECPHRMBB LTI S L TX Y ERL DTS,

HBEZEXLNE. LAL, BohiERROBTHR
RED 212 BAMIS MBS £ 17 A 2 R
FTRENEIPRIBBORDEHLEILNE. B
L% 5RY 0 1 B, RERSEHRZT Hodgkin V) > /%
IBORBE %2127, CT# 4 FFLEMRED thin section CT
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EAERATRS L UER LR CRDN DA RIS
ER, BESER BRERLZEOL VS ORELR
MTELHELBRTDLENHIODOLEILNB.
WD X UM FISME IS T 5 CT ¥ 4 FT&ERDS
BHEL LT, SROBMALFITR OIS, L6TH

 BOLATEMPRRBENS. ZOMOSBE AR OR
BHARBEL AMEE R 6N, CTHRIC L 5 HUH

RKEOREE LTEIFOND, CTEECERENLER
T o B EOWB T — 5 TIE, KR OHBRIE 0.8~41
cGy T# 9, KHE Food and Drug Administration = & 2

 BERBOEHRTHD 100cGy x TH->THY, &R

TELUHETHHEELLND.

RERE 3 X UBFIEBRE IS8 5 BRI BIT i LT
CT B & U'FDG-PET 28fTbh % 3%, CT O MRE I 68~
75%, ¥R EIL 86~77%, FDG-PET DIRE 1T 73~91%,
FREIE 86~94% L HE SN TV 3 (Table 3)1821, |
%> L, FDG-PET T3 B REE~NDOER I PE ST
B2, BRICHSTREBRRENS Vb E TR
BHRNELIZBZNI LN TFRENSE. —F, CTHA FF
KEXHERE, CTHEMLEETZ :REIASCE
KREICENR TV 5. FDG-PET & DHEITid, BE (=202
FEEVRRETIIENTVS. &Kk, CT % FDG-PET
LB L TRBEIED TR WEHTH ), S L

URFIRREORBENBHIC AN THI L E2 61 3. .
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CT-guided Transbronchial Needle Aspiration—Tsuchida et al

Table 3. Sensitivity and specificity of CT and FDG-PET

. CT %) PET (%)
Sensitivity Specificity Accuracy Sensitivity ‘ Specificity - Accuracy
Gupta et al'® 68 61 63 87 91 - 82
Weng et al'? 73 77 76 73 94 87
Pietermann et al® . 75 66 69 91 86 87
Gupta et al* 68 65 96 T 93 94

66

# B , _

CT 74 FFRATXAERICX ) RES X U8RI
WEDDHBEFID ) b 13% TERL REHEOHE T
B oL, —BIBBEESA?DHY, ShbidE
T%%E%&%t#x&ht.&%ﬁ&thu,ﬁﬁ
MRECHRMIE 21T S LAFELLNEA, IX T
OB E L2 L bR, 7, BEY) V@
5 EMICIMBECHABARZ XD L )5 Ot %
RN TELFERLBRETHDILEERL LN
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CT gmded Bronchoscoplc Blopsy
- for Sma.ll Penpheral Pulmonary Lesmns

o Toshw,kz Ii'oba,ya,shz1 Takaa,lcz Tsuchida?; Masahiro Kanek02

o ABSTRACT —Background Roentgenologlcally occult penpheral pulnmonary lesions have become mcreasmgly

) - _detected through the standa.rdlzanon of CT systems In such lesions, bronchoscopy which is a standard method for de-

' .ﬁmtnve dJagnoms -of penpheral pulmonary lesmns, is indicated, but access to lesions for which the location could not be

. deﬁned ﬂuoroscoplca.lly is difficult. CT ﬂuoroscopy and a CT system coupled with a ﬂuoroscopy system were devel-
'oped for exammanons in.a rad1010g1c field. Tlus is the background for the development of CT-guided bronchoscopy.

Puipose The purpose of this procedure is to obtain specimens for deﬁmhve dlagnosw by bronchoscopy, which i$ mini-
mally mvasxve, from lesions-of which three-dlmensmnal localization cannot be defined fluoroscopically. Methods. The

E exanunanon methods are. essentlally sumlar to ﬂuoroscopy-gmded bronchoscoplc exanunatlon under local anesthesm,

but- tlus procedure allows for accurate harvestmg of specimens from lesions with the additiorial use of hlgh resolutlon .
CT. Results. From December 1995 to ‘March 2000, we examined 206 lesions in 190 cases. The major axis of lesions

- ranged from 0.5. cm t0'6.0 cm and the mean major axis was 1.66 cm. The examination revealed 95 lesions of mahgnancy

In the follow-up penod of b years or more, 121 leswns were assessed to be mallgnant with 78.5% of malignant lesmns
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CT-guided Bron’choscopfc Biopsy for Small Periphéral Pulmonary Lesions—Kobayashi et al

considered to be diagnosed in the entire series of examinations, regardless of issues such as the indications of the. ex-
ammanon Discussion. The significance of CT-guided bronchoscopy lies in its ability to obtain definitive diagnosis
from ﬂuoroscoplca.lly mv151ble or mdlstmct lwlons, but it has certain limitations in ruling out malignancy due to the na-

. ture of the examination. Therefore, it is unponant to decxde indications for the examination based on its meaning and

subsequent clinical policy for the patient by assessing the results of the exammanon (JJSRE. 2005;27:302-306)

-KEY WORDS —CT, Bronchoscopy, Deﬁmtxve dlagnosxs Lung cancer, Endoscopy
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A Flexible Endoscopic Surgical System: First Report on a
Conceptual Design of the System Validated by Experiments
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Background: Surgeryis a standard diagnostic and therapeutic procedure. However, its technical
difficulty andinvasiveness pose problems that are yet to be solved even by current surgical robots.
Flexible endoscopes can access regions deep inside the body with less invasiveness than surgical
approaches. Conceptually, this ability can be a solution to some of the surgical problems.
Methods: A fiexible (surgical) endoscopic surgical system was developed consisting of an outer
and two inner endoscopes introduced through two larger working channels of the outer endo-
scope. The concept of the system as a surgical instrument was assessed by animal experiments.
Results: Gastric mucosa of the swine could be successfully resected using the flexible endo-
scopic surgical system, thereby showing us the prospect and directions for further development of
the system.

Conclusion: The concept of a flexible endoscopic surgical system is considered to offer some

solutions for problems in surgery.

Key words: surgical robot — endoscopic surgery — surgery — robotics — endoscope

INTRODUCTION

We recently reported a new concept for endoscopic mucosal
resection of gastric cancer with the use of a magnetic anchor.
The anchor consisted of microforceps and a magnetic weight in
order to grasp, stabilize and pull up the gastric mucosa (1).
During the experiments, we thought that the procedure would
be easier if one more endoscope was present to hold and
stabilize the mucosa instead of the magnetic anchor.

Concerning flexible endoscopes, there are some ultrathin
endoscopes that can be inserted into the working channels
of standard endoscopes, such as gastrointestinal endoscopes.
If the outer endoscope is able to contain larger and mulitiple
working channels, several thin endoscopes could be inserted
through the outer endoscope. This would allow for the resect-
ing procedures. Such a system could also be applied to the
fields where current surgical robots are targeting.

One of the problems with current surgical robots is inacces-
sibility to regions located deep inside the body, particularly
regions reached through narrow and winding routes, such as
the digestive tracts and blood vessels. However, some early
gastric cancers can be resected endoscopically with much less

For reprints and all correspondence: Toshiaki Kobayashi, Cancer Screening
Technology Division, Research Center for Cancer Prevention and Screening,
National Cancer Center, 1-1, Tsukiji 5-chome, Chuo-ku, Tokyo 104-0045,
Japan. E-mail: tkobayas@ncc.go.jp

invasiveness than surgery. These surgeries cannot be per-
formed by current surgical robot systems because those
regions were not originally considered places for the systems
to operate.

An experimental flexible endoscopic surgical system was
developed to cope with these problems of accessibility, con-
sisting of a flexible outer endoscope with two working chan-
nels through which two inner flexible endoscopes could be
inserted. These inner endoscopes were designed to have simi-
lar functions as flexible gastrointestinal endoscopes allowing
for performance of standard endoscopic procedures even when
introduced through the outer endoscope.

The uses of the flexible endoscopic system as a surgical
instrument, as well as its functionality, were confirmed during
gastric mucosal resection of the swine. This is in contrast to the
current limitations for surgical robotics in terms of lesion
access.

MATERIALS AND METHODS
FLEXIBLE SURGICAL ENDOSCOPE

As shown in Fig. 1, the flexible surgical endoscope consists of
an outer flexible endoscope and two inner flexible endoscopes
inserted into the working channel of the outer endoscope. The
specifications of these endoscopes are listed in Table 1.

© 2005 Foundation for Promotion of Cancer Research
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The outer endoscope also has a 2.8 mm working channel and
a charge coupled device (CCD) enabling the endoscope to
operate in a similar fashion as standard gastrointestinal endo-
scopes. The endoscopic images are observed on cathode ray
tube (CRT) monitors in the same manner as video-endoscopes.

Each of the inner endoscopes has a 2.0 mm working channel
allowing accessories such as forceps and an electrocautery tip
to be introduced and used. Unlike the outer endoscope, the
inner endoscopes have optic fiber bundles for image visual-
ization, instead of a CCD. These endoscopic images are also
observed on CRT monitors. However, a video-adaptor, i.e. a
small CCD video camera, must be connected onto each eye

Figure 1. The flexible endoscopic surgical system. (A) The inner endoscope is
inserted through a telescopic connecting device, which connects to the opening
for the working channel of the outer endoscope near its control section. (B) At the
tip of the outer endoscope two inner endoscopes protrude laterally, obtaining a
certain distance between the two endoscopes.

Table 1. Specifications of the flexible endoscopic surgical system

Outer endoscope Inner endoscope

Total length (mm) 975 1395
Working length (mm) 665 1050
Insertion portion diameter (mm) 20 49

Tip bending (degree) 210/120, 120/120 210/120, 120/120

(up/down, right/left)

Field of view (degree) 140 120
Depth of field (mm) 4-100 3-50
Channel diameter (mm) 7,7,28 2

piece of the inner endoscopes in order to view the image on the
monitors.

These combined endoscopes are manipulated manually by
three physicians together with the help of several assistants.
The system, as a whole, operates similar to surgical robotic
systems.

PHYSICIANS

Two series of experiments were conducted. The first series was
performed by a senior endoscopist and three resident physi-
cians in order to assess the system with consideration to its
endoscopic nature. The senior endoscopist was trained within
the specialty of internal medicine, whereas one of the resident
physicians was in training for internal medicine and the other
two were for surgery.

The purpose of the subsequent series was to assess the
concept of the flexible surgical endoscope from the viewpoint
of surgeons. Consequently, the procedure was performed by
two senior endoscopists, one having more than 15 year experi-
ence as a surgeon and the other having some surgical training,
in addition to two residents who were in training for surgery.

These two series were performed on separate occasions, with
none of the physicians performing in both series.

TEST SUBJECT

Three female swine, under intravenous anesthesia, were laid on
an examination table in the left lateral position. Within the first
experiment, a 35.6 kg and a 34.1 kg swine were used. In the
following experiment, a 41.8 kg swine was used. During these
experiments, the law for the humane treatment and manage-
ment of animals was observed.

PROCEDURE

The procedure was similar to standard endoscopic mucosal
resection with the exception of one more endoscope for
stabilization of the gastric mucosa.

First, an incision was made in the mucosa surrounding the
region of stomach intended for resection (2,3). The outer endo-
scope was inserted through the esophagus into the gastric
cavity. Subsequently, using the telescopic connecting devices
(Fig. 1), the inner endoscopes were inserted into the working
channels of the outer endoscope and introduced into the
gastric cavity.

The outer endoscope was placed near the region in which the
first incision was made. Thereafter, the resecting procedure
was performed using an electrosurgical knife through one of
the working channels of the inner endoscopes, whereas the
other contained forceps. Within the procedure, the operator
decided which side of the working channels would use the
electrosurgical knife.

These procedures were observed on three CRT monitors,
each of which was connected to its endoscopic counter part.

The resecting procedures were performed on the anterior
wall of the gastric angle, the anterior wall of the middle gastric
body and the greater curvature of the middle gastric body in the



first series for the assessment of endoscopic features. Within
the following series, the resecting procedures were performed
on two regions adjacent to the greater curvature of the lower
gastric body.

RESULTS

Concerning insertion of the outer endoscope through the eso-
phagus into the gastric cavity, some difficulties were encoun-
tered owing to the large diameter of the outer endoscope and
the relatively small size of the swine in both experimental
series. However, the outer endoscope was introduced into
the gastric cavity.

As for insertion of the inner endoscopes through the work-
ing channels of the outer endoscope, there were no difficult-
ies experienced, even when the outer endoscope was bent
due to insertion through the esophagus. Access to regions of
the gastric wall was limited to the greater curvature due to the
rigidity of the outer endoscope.

Maneuverability of the flexible endoscopic surgery system
was satisfactory regarding the experiments were the first
experiences for the physicians involved, despite some pro-
blems to solve.

The images from the outer endoscope were similar to those
of standard gastrointestinal video-endoscopes due to the CCD
system used in the outer endoscope. However, the images from
the inner endoscopes were inferior to those of the outer endo-
scope. This inferiority was attributed to the limited number of
optical fibers within the inner endoscope and deterioration of
the image caused by conversion from optical images to elec-
trical images through the use of a video-adapter. Consequently,
during most of the procedure, endoscopic images were mainly
observed using the monitor for the outer endoscope.

Some differences in use of the inner endoscopes for the
resecting procedures between the first series and the second
series were noticed. In the first series, the physicians appeared
to have difficulties in some of the procedures such as accessing
the mucosa, stabilization of the mucosal flap and resection
procedures. These procedures were considered standard tech-
niques for actual surgery, which means surgical experiences
are required even to maneuver the flexible endoscopic surgical
system.

Within the second series conducted by endoscopists with
surgical experience, the resecting procedures were satisfac-
tory, despite the fact this was their first experience using
the system (Fig. 2). Through cooperation between the operator
and assistants using verbal commands, manipulation of the
inner endoscopes and the outer endoscope could be achieved.
The functions of the inner endoscopes could be modified by
changing the instruments inserted into the working channels.
The flexible nature of the inner endoscopes allowed additional
functions such as stabilization of the gastric wall by the long-
itudinal flank of the endoscope, as shown in Fig. 2C.

Within all the experiments, resecting procedures were com-
pleted without any complications such as perforation of the
gastric wall. Consequently, five mucosal pieces, with sizes of

Jpn J Clin Oncol 2005,;35(11) 669

Figure 2. Images of the resecting procedures. (1) Inner endoscope, (2) forceps,
(3) electrosurgical knife and (4) mucosal flap. (A) The right inner endoscope,
with an electrosurgical knife introduced through its working channel, was
maneuvered by the operator. The left inner endoscope, with forceps, was
maneuvered by an assistant. (B) The tip of the right inner endoscope is
holding up the mucosal flap in order to assist the forceps of the left inner
endoscope to grasp the mucosal flap. (C) The right inner endoscope is
pulling up the mucosal flap using forceps concealed in this image. In
addition, using the flexibility of the endoscope, the gastric wall is stabilized
by the longitudinal flank of the inner endoscope.

2.8 x 1.6 cm?, 2.8 x 2.7 cm? and 2.6 X 2.0 cm? in the first
series, and 3.2 X 2.7 cm? and 4.0 X 3.4 cm? in the second
series were each resected in a single piece.

DISCUSSION

Surgical procedures are good options for diagnosis and treat-
ment providing several advantages over non-surgical
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approaches, especially in cases of malignant diseases.
Although surgery is well accepted as a standard procedure
in medicine there are still some problems left unsettled.

The technical difficulty of surgery is a common problem
particularly for trainees, but even for experienced surgeons
who have some technical limitations. Surgical procedures
are difficult for regions deep in the body because the visual
field for surgeons is limited, the number of surgical instru-
ments which can be introduced is limited and the movements
of these instruments are limited. One of the exemplary regions
of this problem is the pelvic cavity, which includes surgery of
rectal and prostate cancers.

Invasiveness is an inherent drawback to surgery, discoura-
ging patients to undergo surgical treatment even when it is
appropriate. It is true that surgery should be avoided when
there are other less invasive alternatives.

Surgical robots such as the da Vinci system and the Zeus
system are highly advanced medical instruments allowing for
fine movements when appropriately manipulated by surgical
experts. These systems are expected to solve some surgical
problems such as invasiveness and the difficulty (4-8). Thus
far, the systems have been able to solve some of the problems
associated with surgery.

As for the invasiveness of surgery, endoscopic surgeries such
as laparoscopy can be performed with robotic systems, utiliz-
ing smaller incisions than those of other standard open surgical
approaches. The precise movements of surgeons are facilitated
by robotic systems. However, laparoscopic procedures can be
performed even without the robotic systems with the same
amount of invasiveness.

Current robotic systems may also pose problems (4-8), such
as the limited number of surgeons who can manipulate the
system, which is usually one. Additional training for the spe-
cific manipulating methods of the systems is another problem,
as well as introduction costs. Consequently, it is currently not
clear what the benefits of these robotic systems are, especially
when assessed from the patient side. Moreover, problems
which even surgical experts suffer from have not been solved.

Flexible endoscopes have been developed to cope with the
problems of accessing regions through narrow tracts such as
the esophagus and the tracheobronchial tree. Even in these
regions flexible endoscopes can perform surgical procedures
similar to standard surgery. Therefore, endoscopes are natu-
rally considered functional even in other cavities such as the
abdomen and pelvic cavities.

It would be easier and more functional to perform an opera-
tion using several endoscopic instruments introduced through
the end of one endoscope, rather than conducting resection
using only one endoscopic instrument introduced into one endo-
scope, as done in standard endoscopic procedures. The simplest
model for this concept is the flexible endoscopic surgical sys-
tem we developed and examined within these trials.

We assumed that there would be several problems with the
flexible endoscopic surgical system when used clinically as it
is merely a conceptual model to confirm its feasibility of use.
However, despite those problems, the system was able to

perform surgical resection. In addition, the problems encoun-
tered within the first experiment were inherent in all technical
procedures.

Of interest, these problems showed us that, when indicated
for resecting procedures, the flexible endoscopic surgical sys-
tem is easier to manipulate by surgeons and not by endo-
scopists despite its endoscopic appearances.

The images of the inner endoscopes were not satisfactory
because a CCD was not used in these endoscopes. Conse-
quently, resecting procedures were monitored by images
from the outer endoscope which contained the CCD. In this
situation, the operator had to control the inner endoscope via
observations on the monitor of the outer endoscope. This is
different from standard endoscopic procedures in which
images are observed on the monitor of the endoscope which
the operator is controlling.

In general, it is not easy for trainees to understand appro-
priate surgical procedures, i.e. where to cut and where to
stabilize. Verbal communication during operation is
important to facilitate appropriate assistance, which was not
adequately utilized in the first series. These issues are to be
learned through years of experience and cannot be achieved
instantly.

As mentioned above, the difference between the two experi-
ments may reveal that for these flexible endoscopes, surgical
experience is an important factor, when the system is indicated
for surgical procedures. The limitation of the inner endoscopes,
not having CCD may have emphasized this issue. Conse-
quently, the next system is to consist of two inner endoscopes
with a CCD for each. This would allow the operators to control
the inner endoscopes in such a manner as used for standard
gastrointestinal endoscopic procedures.

Furthermore, we think that there should be two styles of
design for future flexible endoscopic surgical systems; one
with increased surgical maneuverability designed particularly
for the techniques of surgeons, the other preserving flexible
endoscopic maneuverability for endoscopists. Although it has
not been decided yet which design is more appropriate for a
future surgical system, endoscopists may be able to become
accustomed to the flexible endoscopic surgical system with
surgical maneuverability when the system is popularized.

In addition to the merits mentioned above, flexible endo-
scopic materials can theoretically be made compatible with
X-ray systems such as fluoroscopes and computed tomography
(CT) systems, exemplified by such procedures as X-ray guided
bronchoscopy. In the future, the materials used for flexible
endoscopic constructions are expected to acquire compatibility
with the magnetic fields of magnetic resonance imaging
(MRI) systems.

As mentioned before, limitations in visualization pose
surgical problems even for experienced surgeons. This may
only partially be solved by the subjective ability of surgeons
to presume the identity of invisible objects using their
tactile sense and their intuition. Actually, the compatibility
with imaging systems was one of the important requirements
for the design of the flexible endoscopic surgical system,



allowing visibility of anatomical information invisible to the
surgeon’s eyes.

In order to make one more step towards the future for less
invasive and more effective medical treatments, we believe
that future surgical systems should acquire the accessibility to
narrow regions located deep inside the body together with the
compatibility of imaging systems such as CT and MRI. Thus,
from the flexible nature and structural characteristics of a non-
jointed, smooth outer sheath, we selected the flexible endo-
scope as the conceptual basis of development for our system.
It is the combination of these and the aforementioned aspects
that allows for minimization in invasiveness, through the use of
pre-existing natural structures and tracts for lesion access to
deep regions, and with the presence of multiple interchange-
able inner-scopes, an increase in distal tip functionality at the
surgical site. Although there are several factors still to discuss
and develop, the concept of the flexible endoscopic surgical
system is considered an appropriate development for a future
surgical robotic system with this current system being a suc-
cessful step towards that furture.
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