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HA—BRREOEHBEE DEEET FRBALE, 3
X— ARANEEDAT— T~ B OERGI B~ ]
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(1) Tomikawa M, Hashizume M, Kobayashi E, et
al., “Merits of a newly-developed laparoscope
experiences with 4 cases”,
CARS2002-H.U.Lemke, M.W.JVannier; K
Inamura, A.G.Farman, K.Doi & J.H.C.Reiber
(Editors), CARS/Springer, p320-323, 2002
(2) ki, EREEv=al —YOBRKER~DR
g, BEIV 2 —IARERRIE, p247-248,
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BERFRY 7 b =713, BEELHABRE D
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Angme;ited'Réality fNavigaﬁbn’;_ System for Laparoscopic Surgery

K.Kbniéhi‘, M.Hashizume’; M.Nakamoto", T.Yamaguchi", Y.Sato®, S.Tamur2® and
Y.Maehara® - _

* Department of Disaster and Emergency medicine, “Surgery and Sciences, Graduate
School of Medical Sciences, Kyushu University. b Division of Interdisciplinary Image

Analysis, Osaka University Graduate School of Medicine

Abstract: We have developed an augmented reality navigation system for laparoscopic surgery so far. This system
measures the 3D position at the tip of ultrasound probe in abdominal cavity. Although a magnetic tracker is suitable for
this purpose, their accuracy is affected by metallic objects such as operating equipments and tables. We have recently
proposed the method of precise “real-time” distortion correction of magnetic fields. In this paper, we evaluated the
accuracy and validity of this system by the in viva experiment. '
Keywords: AR navigation, distortion correction, 3D-US
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Robotrc Surgerytand Cancer' the Present State, Problems and Future
r Vrsron

Makoto Hashlzume"2 and Kouu Tsugawa‘»2

of Advanced Medrcrne ere Scrence and lnnovatrve Technology (CAMIT) Kyushu Unrversrty, Fukuoka Japan T

‘;‘. Recerved December 22, 2003 aocepted March 7 2004
In the 1990s, laparoscopic surgery entlrely changed the traditional style of surgical operatlons
Laparoscopic cholecystectomy has spread rapidly and is now éstablished as the standard
treatment. However, besides cholecystectomy, endoscopic procedures are still not applred so
widely to a variety of surgical operatrons This is because Iaparoscoplc technlques such ‘as
suturing or ligation, make it difficult for siirgeons to’ perform other kinds of operatlons and thus
greatly increase their mental and physical'stress. It is necessary to introduce various advanced
technologres such as: surglcal robots,’ three dlmensronal (3D) |mages computer grf i

P there have so far been few studles Wthh dlscuss the indications of rohotic surgery for tumors/ '

o cancer. Therefore, herein we review various studies publlshed in English to focus on the appll-
cation of robotic surgery to tumors/cancer. '
We point out that there are several problems to be solved for robot surgery: i) price of surgrcal
robots, ii) training systems for surgeon, iii) coverage by medical insurance, iv) downsizing and .

v) navigation systém. In conclusion, we believe that, in the near future as robotic technology -

continues to develop, almost all klnds of endoscopic surgery will be performed by this technol- .
ogy. It will replace traditional surgery not only in the treatment of benign diseases but also in

o malignant |IInesses

i

Key words: navigation - AES OP —da Vinci — ZEUS — Naviot

standard treatment for cholelithiasis. However, the technique

.INTRODUCTION | |
In thie 1990s, laparoscopic surgery entirely changed the style has not spread much beyond cholecystectomy, because laparnf .

of surgical operations. The popularity of the laparoscopic

cholecystectomy has spread rapidly and it has now become the for, surgeons to perform other kinds of operatlons, thereby

greatly increasing their mental and physrcal stress Bas1ca]1y,
surg1cal operatlons ‘have been developed over the years based

' on the surgeon’s skﬂlful hands and trained eyes.
Howcver to devclop new surglcal therapies in. the 21st~

For reprints and all correspondence: Makoto Hashtzume, ‘Department of
.Drsaster and Emergency Medicine, Graduate School of Medical Sciences,

Kyushu University, 3—1—1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan.

E-mail: mhashi @dem.med.kyushu-u.ac.jp

Abbreviations: 3D, three dimensional; CG, computer graphics; CAD,
computer-aided design; CAM, computer-aided manufacturing; AESOP,
antomated endoscope system for optimal positioning; IORT, intraoperative
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century it is now necessary to adopt various advanced com-
Buter—enhanced technologies; . such as surgical robots three s
dlmensmnal (3D) images, computer graphrcs (CG), computer .

v s1mulatron technology and others. 3D 1mages for surg1ca1

operatlons provide surgeons with advanced vision.

Surgical robots, such as AESOP (1-4), da Vinci (5, 6) and
ZEUS (1-4,7), provide surgeons with technologically
advanced vision and hand techniques, which have revolution-
ized surgery in various fields (see Tables 1-6). The advanced
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vision and hand techniques now available to surgeons are
leading to the development of new surgical fields such as
minimally invasive surgery (MIS), non-invasive surgery, virtual

reality’ m1cro-surgery, tele-surgery, fetal surgery, neuro-mfor-

matic surgery and others'(8,9):

_ However, so far there have been few reports whrch have drs-
- cussed indications of robotic surgery in the treatment of tumors

and cancers. We therefore review here the previous literature to
discuss the use of robotic surgery in the field of cancer therapy.

NAVIGATION SYSTEMS

In many surgical fields, including craniomaxillofacial surgery,

computer-aided surgery (CAS) based on computed tomogra-

phy (CT) data is becoming increasingly 1mportant Nav1gatmn, .
systems,. which allow - precise intraoperative orientation of- L

Figure 1. The da Vinéi robotic surgical system consists of three parts: (i) thé

surgeon’s console, (u) an electronic tower holding the video equipment and

{ (m) the robotlc arms.

surgical mstruments can be used for greater accuracy in: '

determrmng the resection margins of target lesions. These. .
techniques also greatly support ablative procedures However L
more complex procedures, such as reconstruction, still remam e
a problem Therefore, a computer-a.rded design (CAD) andv,.'_",

computer-aided manufacturing (CAM) system has been devel-

oped wh1ch allows the construction and fabrication of md1v1d-
ual templates for resections based on coherent numerical. 3D

models (10-12). Iseki and co- workers developed an. overlaJd -
three—drmensronal image-guided navigation system. in neuro-_ i
surgery, which is able to navigaté surgeons accurately dunng‘ '

operative procedures (13-15).

In addmon, the combination of surgical robots and nav1ga-

therapy (e.g. local injection).

AL

SURGICAL ROBOTS

THE MASTER—-SLAVE MANIPULATOR

In general, robotic systems consist of three parts: a surgical
cart a vision cart and the surgeon’s console. The Surgeon ¢ sits at
a control console eqmpped with a display that presents 1mages
obtamed with an endoscopic camera inside the patient’s body
The surgeon’s console also provides master mampulators
which the surgeon can use to control the movements of the cor-
respondmg surgical or patiént-side manipulators (slave manip-
ulator) that hold the surg1ca1 instruments and the endoscoplc
mampulator used for the procedure. The surgeon looks down
into the viewer as if lookmg into the surgical field and at his
hands “Heholds on to the control handles with his left and nght
harids. ‘He then carefully guides the tool tips inside the patient’s
body As the'} surgeon moves the manipulators on the surgeon’s
console; the patient-side ma.mpulators closely follow the mput
monons

“*This master—slave manipulator allows surgeons to perform

more precise surgical procedures than those available in con-

ventionial endoscopic surgery. A previous study showed that
remote-access endoscopic telemanipulation can successfully

;_'.:‘achreve complex 3D manipulations and the intuitive orienta-

tion of the surgeon’s workstation may also make such tasks
easier to complete (19).

L AESOP®

g .The ﬁrst robot approved by the US Food and Drug Administra-
B tlon (FDA) for clinical use in the abdomen was the automated

endoscope system for optimal positioning (AESOP) (Compu-
ter Motron Goleta, CA). At the time it was first introduced, the

surgeon controlled the robotic arm either manually or remotely
" with a foot switch or hand control (1,2), but the most recent

tion systems using CT (16), MRI (17) and .US (18) will allow .}"'generauon of AESOP is voice controlled (3,4).

us to perform more precise and more mm1ma11y mvasrve gene - _
da Vincim

The da Vinci™ Surgical System was developed by Intuitive
Surgical (Mountain View, CA). So far, 196 da Vinci systems

‘have been installed worldwide. Many kinds of surgical opera-

tions, such as general surgery, urology, cardiothoracic surgery
and pediatric surgery, have already been performed using the
da Vinci system (see Tables 1-6). This system consists of three
main parts: (i) The Surgeon Console, which is controlled by the
surgeon:. (i) the Surgical Cart, of which three arms directly
perform the procedures; and (iii) the Vision System (Fig. 1).
The computer systern which controls the whole system resides
in the Surgeon Console (5,6). The notable features of the da
Vinci Surgical System are as follows: the surgical instruments
with the Endo Wrist™ move like human hand mation by artifi-

 cial articulation and the visualization through a high-quality

3D endoscope is optimal.

This system provides surgeons with (i) an intuitive transla-
tion of the instrument handle to the -tip movement, thus
ehmmat.mg the mirror-image effect, (ii) scahng, (iii) tremor fil-
tering, (iv). coaxral ahgnment of the eyes, hand and tooltip
image and (v) an internal articulated endoscopic wrist provid-
ing an additional three degrees of freedom.

Regarding the treatment of tumors and cancer, we have
successfully performed robotic surgery for esophageal tumors,
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Figure 2 The ZEUS robotic surgical system consists of two parts: (1) the vrdeo
momtor projects a 3D image that can be viewed through glasses mounted with

a polanzmg filter and (ii) a surgeon sitting comfombly in a chair at the ZEUS,

console.

thymoma, retromediastinal tumor, gastric cancer and colon

- cancer using the da Vinci (6).

“ZEUS®

Computer Mouon the manufacturer of AESOP®, has also
developed the ZEUS® telerobot ) (F1g 2). It used AESOP as

the foundauon for the development of a robot capable of tele- _

robotlc surgery In this system, the voice-controlled robot,
AESOP continues to hold the camera. Two additional AESOP-
hke units have been modified to hold surgical instruments. The

.ZEUS system prov1des almost the same function as the da
. Vinci, except for the internal articulated endoscopic wrist. Fur-
-thermore ZEUS enables surgeons to perform long-distance

remote comrol surgery using SOCRATES™ (Computer
Mouon) SOCRATES'rM is a surgical telecollaboration system
that links remote surgeons directly with colleagues in the oper-

ating room. HERMES® (Computer Motion) is the leadmg-:

edge operating room’s central nervous system. HERMES®
enables the surgeon and staff to control a wide variety of net-

- works consisting of AESOP®, ZEUS® and SOCRATES™.

Naviot™

A new system has also been developed recently in Japan called
the laparoscope manipulator, Naviot™ (Hitachi, Tokyo, Japan)

(20-22) (Fig. 3). This system is recognized as the first surgical .

robot ever developed in Japan. This manipulator is based on a

" five-bar linkage. mechanism that has two independent motors

on the bottom. In addition, the zoom-up mechanism of the
laparoscope was applied to this manipulation system. The
moving range was about 25° in both the vertical and horizontal

. directions. As of March 2004, we had performed laparoscopic

surgery on 100 patients using this Naviot.
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Figure 3. A newly developed laparoscope manipulator, Naviot, is recognized
as the first surgical Tobot developed in Japan.

COMPARISON BETWEEN DA VINCI AND ZEUS

At present, accordmg to two evaluation studies (23 24), the da
Vinci system is considered to have some advantages over the
ZEUS system.

In an animal study by Sung and Gill (23), during a laparo-
scopic nephrectomy, the da Vinci system had a significantly
shorter total operating room time (51.3 versus 71.6 min; P =
0.02) and actual surgical time (42.1 versus 61.4 min; P = 0.03)
compared with the- ZEUS system. For a laparoscopic adrenal-
ectomy, the da Vinci system (n = 5) had a shorter actial surgi-
cal time (12.2 versus 26.0 min; P = 0.006) than did thé ZEUS
system. For laparoscopic pyeloplasty, the da Vinci system had
a shorter total operating room time (61.4 versus 83.4 min; P=
0.10):and anastornotic time (44.7 versus 66.4 min; P = 0. 11).
During pyeloplasty anastomosis, the total number of suture
bites per ureter was 13.0 for the da Vinci system and 10.8 for
the ZEUS system.

In a study by Dakin and Gagner (24), 18 surgeons performed
tasks in a training box using three different instrument systems:
standard laparoscopic instruments, the ZEUS Robotic Surgical
System- and the da Vinci Surgical System. The basic tasks
included running a 100 cm rope, placing beads on pins and
dropping- cotton peanuts into cylinders; fine tasks included
intracorporeal knot tying and running stitches with 4-0, 6-0
and 7-0 sutures. The time (in seconds) required and precision
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(number of errors)’ in ‘performing each task were recorded.
Standard instruments performed significantly faster than either
robotic system on the rope and bead tasks (P < 0.05), whereas
da Vr.n01 performed significantly faster than ZEUS in all three
basrc tasks (P < 0.05). No srgmﬁca.nt difference in precrsron
was, found between the standard instruments and. thé robotic
systems regardmg any of the. basrc tasks. Knot tying ‘and the
runnmg suture time were similar between the standard-instru-
ments and da Vincr which were significantly faster than ZEUS
(P <O. 05) for all suture sizes.- The robotic systems showed a
similar precrsron for fine sutunng tasks and they 4 were also sig-
mﬁcantly more precise in knot tying (ZEUS and da Vinei) and
runmng sutures (da Vinci) than standard mstruments (P <

approval of the Nuclear Regulatory Commrssron (NRC)}m
1986 Fmally, thrs gamma knife device was first used -for
patient treatment in 1987 in Pittsburgh, PA (25) and due to this
first step, the concept ‘brain surgery without an incision’ is
now a reality.

Drake et al. performed a computer- and robot-assisted resec- | -

tion of thalamic astrocytomas in children (26). Six children
ranging in age from 2 to 10 years who had deep benign astro-

cytomas were operated on using a robot-assisted system and a .

radical excision was achieved. This system consists of an
interactive 3D display of CT image contours and digitized cer-
ebral angiograms which were taken using the Brown-Roberts—
Wells (BRW) stereotactic frame. The surgical retractor is held
and manipulated using a Programmable Universal Manipula-
tion Armi (PUMA) 200 robot (Westinghouse Electric, Pitts-
burgh PA) and the position and orientation of the surgical
retractor are shown in the 3D display. Both preoperative plan-
ning and simulation are important features of this system. The

movement of the brain after removal of the tumor and cerebro- °

spinal fluid is substantial; therefore the tumor removal is based
on visually defined margins (26). Carney et al. confirmed that
intraoperative image guidance is available in otolaryngology
(27). The ISG viewing wand (ISG Technologies, Missasauga,
ON, Canada) is an intraoperative guidance system with a pro-
prioceptive robotic-like jointed arm. It provides surgeons with
almost- instantaneously reconstructed computer-generated CT

or MRI images in 2D or 3D which can correlate any points -

within the operative field to its corresponding locus on the
reformatted scan images. In'this report, 14 patients with skull-
base, cerebello-pontine angle or temporal bone lesions -also
underwent wand-guided resections. Zamorano et al. reported

the'apphcauon of interactive image-guided resections for ceré:
bral cavernous malformatron (28). In their report, 15 patien
wrth cavernous malformauons underwent an interactive imag,

gulded resectlon ‘of their lesmns Dragnoses were ‘made using.

mtr D ratJv : neurophysrologrcal momtonng Thelr result -5
shows that 1mage-gu1ded surgery with an MKM rmcroscope‘ 3
allows Surgical outlines to be injected in the microscope -
viewer, thereby facilitating a resection of extensive brainstem

tumors that were previously considered inoperable.

Hongo et al. developed NeuRobot, a telecontrolled micro-
manipulator system for minimally invasive microneurosur-
gery, at Shinshu University (30). Using this system, surgical

simulations were performed with a human cadaveric head. The

system consists of four main parts: (1) a micromanipulator
(slave mampulator) (ii) a manipulator-supporting device, (iii)

an’ operanon-mput device (master manipulator) and (iv) a °

ee-dimensional display monitor. Three 1 mm forceps and a

three-drmensronal endoscope, which could be remotely con- ’
trolled with three degrees of freedom (rotation, neck swinging
-and forward/backward motion), were msta.lled in the slave
mampulator ‘All surglcal procedures were accurately per- 4 -
formed using this system. Furthermore, the same group showed

the usefulness of a potassium titanyl phosphate (KTP) laser
with mrcromampulators in neurosurgery based on an animal

‘ study (3 1). This system was shown to be capable of perform-

ing vanous surgrcal procedures including cutting, coagulation
and bleedmg control compared with conventional systems.

CA_RDIOLOGY

The da Vinci was specifically designed to perform closed-chest
coronary artery bypass grafting (32) (Table 1). As a result,
cardiac surgeons have accumulated substantial experimental
experience using the da Vinci prototype (33-35). In 1999,
Carpentier et al. reported the first successful use of da Vinci
for closed-chest coronary bypass grafting (36). Kappert et al.
used da Vinci to harvest both the left and right internal
mammary arteries for coronary artery bypass grafting in 27
patients (37). Mobr et al. performed coronary artery bypass

surgery using da Vinci for 148 patients (38). In brief, they used

da Vinci to harvest 81 left internal mammary arteries (LIMA)

and then used it to sew 15 LIMA to left anterior descending
(LAD) coronary artery bypass grafts through a median sterno- !
tomy incision. Following these patients, they constructed 27
LIMA-to-LAD bypass grafts on an arrested heart with a closed 3
chest. More recently, they succeeded in using the da Vinci to
anastomose the LIMA to the LAD on a beating heart with a *
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Table 1. Robotic surgery in cardiac surgery
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Disease

Operation
Coronary artery disease IMA harvest _
Beatmg heart TECAB (smgle vessel)
Arrested hearl TECAB (single and mulnple vessel)
. Stemotomy LIMA-LAD :
- - Multi-véssel small thoracotomy bypass
" Mitral valve disease Mitral valve repair’ e
. ‘ Mitral valve replaeement '
Pericardial fluid Pericardial window |
Drlated cardiomyopathy (DCM) ‘ Ep1card1al lead placement for Bi-V pacing
Adrnc ring - Aortic fing dissection
Attial septal defect (ASD) Atrial septal defect repair
" Aottic coarctation Resecﬁbn and reconstruction

: closed chest. Autschbach et al. established a mrtral valve repaxr
for 13 pauents u$mg the same system (39). . ; )
Regardmg ZEUS, iii 1999 Relchenspurner et al. reported 1ts
' ﬁrst siiccessful chmcal use for coronary artery bypass graft for
two patlents (40) _They harvested LIMA usmg endoscoplc
techmques and then sutured LIMA to LAD through thrée
thoracic trocars, The heart was arrested using an endovascular
cardropulmonary bypass system. Later, that year, | Boehm used

' . ZEUS to successfully perform closed-chest, off-pump coro- )

:nary'artery bypass graftmg (LIMA t6 LAD) in three patients

@1). By 2000, the ‘same group had performed coronary artefy :

bypass graftmg on beaung hearts i in 10 patlents (42). The total
operating time ranged from4to 8 h (medlan 5.5h)and ZEUS-

assrsted anastomoses requlred 14—50 mm (medlan 25) ZEUS .
is also used fora pencardlectomy (43) or mrtral valve surgery )

(44).

H Wi ver due to ‘the unique charactenstncs of heart drsease
ave so far been no reports on robouc surgery in the treat-
ment of tumors or cancer.

THE RESPIRATORY SYSTEM
Okada et al. performed a thoracoscopic major lung resection

for. pnmary lung cancer by a single surgeon with AESOP
and an mstrument retraction system (UNTI‘RAC Aesculap,

: Tutthngen Germany) (45) (Table 2). For a 72—year—old woman

Wlth lung cancer, a thoracoscopic middle lobectomy of the
nght_ _lung with dissection of the medlastmallymph nodes was

Table 2. Robo_ﬁc surgery in respiratory and medlasunum surgery'

e

Operation L
Thymoma .. Thymectomy
" Lung i;ancer,.:- Wedge resection
] o . Lobectomy o
 Uppér limb hyperhidrosis :

Sympathectomy

successfu]ly performed without humpan assistance and no com-'
phcatlons were observed. Melfi et al. carried out thoracoscopic
surgery using the da Vinci system in 12 cases: five lobecto-
mies, three tumor enucleahons, three excisions and one bulla
stltchmg completed with fibrin glue for spontaneous pneumo- "
thorax (46).

MEDIASTINUM

Yoshino et al. successfully performed a thoracoscoplc thymo-
mectomy usmg da Vmcr in a 74-year-old male patnent who

.....

thoracoscopic resecuon of a schwannoma using da Vinci in a
46-year-old- female who presented w1th a left paravertebral
Inass m the thorax (48). ‘

BREAST

In 2000, Kaiser et al. suggested a strong possibility regarding .
the application of a robotic system for a biopsy and therapy of
breast lesions in a high-field whole-body magnetic resonance
tomography  unit called the ROBITOM (49). . ROBITOM
[(robotic system for biopsy and interventional therapy of mam-
mary lesions); Institute for Medical Engineering and Biophys-
ics (IMB), Karlsruhe, Germany] consists of a trocar, coaxial
sleeve, biopsy needle, laser applicator and a control and drive
unit. In this study, in vitro experiments on a pig liver including
eight targets (vitamin E capsules, 4 mm in diameter) were per- .
formed as a model of breast cancer and all eight capsules were

~ hit precisely by this robotic biopsy system. The procedure was

performed directly in the isocenter of a 1.5.T whole-body
scanner. According to these results, such a robotic. system
may allow the coordinates of the lesion in the breast to be
approached in a high magnetic field. Veronesi et al. showed the
usefulness of intraoperative radiotherapy (IORT). in limited- .
stage breast cancers in 103 patients (50). Because local recur-
rences after breast conserving surgery occur mostly in ‘the
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quadrant harboring the primary carcinoma, the main objective
of postoperative radiotherapy should be sterilization of residual
cancer cells in the operative area, while irradiation of the whole
breast may be avoided. They developed a new technique of per-
forming IORT on a breast quadrant after removing the primary
carcinoma. A mobile linear accelerator (linac) with a robot arm
is utilized delivering electron beams capable of producing an
amount of energy ranging from 3 to 9 MeV. Seventeen patients
received a dose of IORT ranging from 10 to 15 Gy as an
anticipated boost to external radiotherapy, while 86 patients
received a dose of 17-19-21 Gy intraoperatively as their
whole treatment. This IORT treatment allowed the whole treat-
ment course to be shortened.

Recently, MR imaging-guided focused ultrasound US (MR-
FUS) ablation has rapidly developed as a non-invasive treat-
ment for breast cancer (51-53). Gianfelice et al. showéed the
effectiveness of non-invasive MR-FUS ablation in 12 patients
‘with breast carcinomas (51). In brief, before undergoing a
tumor resection, patients were treated with MR-FUS ablation
consrstmg of multiple sonications of targeted points that were
monitored with temperature -sensitive MR i imaging (Signa™;

GE Medrcal Systems Mﬂwaukee WI, USA). The effective- ‘

ness of the treatment was determined by a mstopathologlcal

analysrs of the resected mass which was performed to deter--

mine the volumes of necrosed and residual tumors. Complica-

tions resulting from the procedure were assessed by means of

questionnaires, medical examinations and an MR image analy-
sis. US ablation - (ExAblate™ 2000; In-Sightec-TxSonics,

Haifa, Israel).was well tolerated by the patients and, except for -

minor. skin burns in two patients, no complications occurred A
hrstopathologrcal analysis of resected tumor sectrons allowed
the - quantification of the amount of necrosed and’ res1dual
tumor and the visualization of the surrounding hemorrhage In
three patients treated with one of the US systems, a mean of
46.7% of the turnor was within the targeted zone and a mean of
43.3% of the cancer tissue was necrosed. In nine patlents
treated with the other US’ system, a mean of 95.6% of the tumor
was within the targeted zone and a mean of 88.3% of the cancer
tissue was necrosed. Residual tumors were identified predomi-
nantly at the penphery of the tumor mass, thus indicating-the
neéd to increase the total targeted area (51). Huber et al. also
’ revealed the usefulness of MR-FUS ablation in a 56-year-old
female ‘who presented with breast cancer (invasive ductal
carcmoma) (52). Hynynen et al. also showed the usefulness of
MR-FUS ablation for fibroadenoma (53). Eleven fibroadeno-
mas in nine patients under local anesthesia were treated ‘with
MR-FUS.: Eight of the 11 lesions treated demonstrated a com-
plete or partial lack of contrast material uptake on post-therapy
T1:-weighted images. Three lesions showed no -marked
decrease in the contrast material uptake. This lack of effective
treatment was most likely due to a lower acoustic power and/or
patlent movement that' caused misregistration. No adverse
effects were detected, except for one case of transient edema in
the pectoralis muscle 2 days after therapy (53). These papers
suggested that (i) invasive ductal carcinoma, (ii) adenocarci-

noma, (iii) invasive lobular carcinoma and (iv) fibroadenoma

(51-53), were all indicatio_ns for robotic surgery.

ABDOMEN

H1mpens et al. reported the first successful clinical implemen-
tation of telerobotics in March 1997, when they performed a
laparoscopic cholecyctectomy using a prototype of the da

Vmc1 (54). The same group also reported a successful use of ‘

this system for telerobotic laparoscopic gastric bypass (55),
Nissen fundoplication (56,57) and Fallopian tube reanastomo-
sis (58). Other studies showed many kinds of robotic surgery in

" the abdomen (59-72). Ballantyne and co-workers performed a
" sigmoid colectomy for diverticulum and right hemicolectomy

for cecal diverticulum using da Vinci (59,60) and the operative

time for a sigmoid colectomy was 340 min whereas for a right
- hemicolectomy it was 228 min. The same group also per-

fornied the first two cases of ventral hernia repair with mesh
(61). Hashizume and co-workers reported the first completely
intraabdominal  laparoscopic distal gastrectomy for early

gastric cancer using da.Vinci (6 9). The same group also per- .

formed the first gastric devascularization and splenectomy for
portal hypertens1on (). This report indicates that telepresence
technology facilitates these procedures (6,9). Melvin et al.

reported a robotic assisted Heller myotomy (67) The same

group also performed a pancreatrc resection with da Vmcr (73) o
A 46—year old woman presented wrth back pain and a complex 4
cystic mass in the tatl of the pancreas. The da Vinci was usedto .

remove the lesron en bloc with_ the ‘tail of the pancreas and )
spleen Marescaux et al. reported a large clinjcal trial with { -
ZEUS and 25 selected patrents ‘underwent ZEUS-asswted'.'

Regardmg the robotic abdommal surgery for cancer (6 8, 54—
72),an extracnon of esophageal tumor, a distal gastrectomy for
gastric cancer, an ileocecal resection for cecal cancer, a left A
hemicolectomy for descendmg colon cancer, a srgmordectomy"
for srgmord colon cancer, a thymectomy for thymoma and an L
extraction for retromediastinal tumor have ali been performed:

successfully. As a result, almost all types of tumors or cancers
may therefore be indicated for robotic surgery (Table 3).

UROLOGY:

Abbou etal. reported on aradical prostatectomy usmg da Vinci '_ 3
(75). The patrent was a 63-year-old man presenting wrth aTlc .|
tumor drscovered on one positive sextant biopsy w1th a3+3
Gleason score and 7 ng/ml. preoperative serum prostate spe-
cific antigén. The da Vinci provided an eérgonomic surgrcal' }
environment and a remarkable dexterity enhancément. The |
operating time was 420 min and the hospital stay lasted 4 days.
The bladder catheter was removed 3 days postoperatively and-
1 week later the patient was fully continent. A pathological -
examination showed a pT3a tumor with negative margins (75).
Young et al. reported an adrenalectomy for adrenal incidenta-
loma using da Vinci (76). In this report, an incidental left adre- 4

nal mass was found in a patient during an evaluation for
mediastinal widening. The patient had no symptoms attributa-

-
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Table 3: Robotic surgery in general surgery
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Table 4. Robotic surgery in urology

- ble to adrenal excess. Preoperative blochemlca.l screemng ‘was
negative for a functioning medullary or cortical adrenal tumor.
A surgical resection was successfully ‘completed with' the
assistance of the da Vinci robotic system. Pathology demon-

strated a rare adrenal oncocytoma (76). Recently, in k1dney’

u'anspla.ntaUOn a donor nephrectomy has also been performed

using the da Vinci (77 78)

o Gmllonneau et al. reported ZEUS-ass15ted laparoscoplc pel—
vic lymph node dissection in humans (79) Robonc-assrsted
laparoscoplc pelvic lymph node dissection was performed in
10 consecutive patients with mamly T3 MO prostatic_ carci-

~noma (robotic group). AJl operations were performed accord-
ing to the established protocol with no specific intraoperative
.ar. postoperative comphcauons No conversion was required
and no technical mc1dents were observed.

The indications of robotic surgery for cancer/tumor arerenal

cancer and prostate cancer (Table 4).

Disease . Operation Disease : o T Operation
. Esophagus - Kidney )
GERD Nissen fundoplication - Renal piosis/floating kidney Nephropexy
_ Esophageal achalasia Heller myotomy i Renal failre Donor nephrectomy
. Esophageal cancer Esophagectomy Renal cyst Renal cystecomy
: Esophagea] mass Esophageal mass enucleation ) Renal cancer Nephrectomy
' Stdrn-dd.li Vasovasostomy
Gastric cancer . Gastric bypass Adrenal gland '
Gastrectomy Adrenal adenoma Adrenalectomy
Gastric jejunostomy Ureter . . . R
Gastric resection Ureteropelvic junction (UPJ) stenosis Pyeloplasty
Cold;recml Uninary bladder cancer Pelvic lymphadenectomy
Coloh cancer Hemi colectomy , Ureterovesical junction (UVJ) stenosis Ureteroplasty
Colon resection Ureteral cancer Ureterom'eterostomy
Sigmoidectomy- Urethral implant
Rectal cancer Low anterior resection (LAR)- ) Ureterectomy
Rectal tumor - Rectal tumor ablation Urinary bladder
- Rectal prolapse Rectopexy Atrophlc bladder, neurogemc bladder Bladder augmentation
] Appendlcms Appendectomy Unnary mcontmenee Bladder neck suspension
Hepato—BrlzaryPancreas ‘ Pmrtate o ’ o A . C ' '
: Cholellthiasis Cholecystectomy ] ) Prostate cancer . RERY l?rostatectomy
‘Pancreas cancer Pancreaticoduodenostomy (PD) .
‘ TP - . Sp lenectomy Table 5. Roh'ot_ic' surgery in éydecology :
Others’” chmEoTow c :
Lymph node metastasis Lymph node dissection Disease **’ - Operation
Inguinal hernia Hemiorthaphy Uterinz .~
Acute abdomen Diagnostic laparoscopy Urems cancer, ' » Hysterectomy
Arteriosclerosis obliteration (ASO) Illeo-femoral bypass Ovary . ‘
Aorto-femoral bypass Patients who are to undergo pelvrc radlanon Ovarian transposition
Painful disc disruption (PDD) Anterior lumbar interbody fusion (ALIF) Patients who underwent a previous tubal h_gauon -+ Tubal reanastomosis ’

GYNECOLOGY

Mettler et al. tried the use of AESOP in 50 patients undergomg
routine gynecolog1ca1 endoscop1c surgical procedures and
AESOP allowed two doctors to perform complex laparoscoplc
surgery faster than without the robotlc arm (80) (Table 5).
D1az-Arrast1a et al. reported robonc hysterectomy -and salp-
mgo-oophorectomy for 11 patiénts'(81). Molpus et al. reported
the first clinical case of robotically assisted endoscopic ovarian

* transposition using da Vinci (82). Ovarian transposition is the

anatomical relocation of the -ovaries from the pelvis to the
abdomen. Transposition is beneficial in women. who are
scheduled to undergo pelvic radiation, because it allows the
maintenance of ovarian function and preservatlon of assisted
reproducuve capacity. In such cases, it is possible to perform
ovarian transposition using the da Vinci system (82).
Regardmg robotic surgery,. Margossran and co-workers
explored the apphcanons of ZEUS in gynecology, using exper-
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Table 6. Robotic surgery in pediatric surgery o

Disease _ Operan'on
Gastrointestinal
Gastroesophageal reflux disease (GERD) Pyeloplasty Nissen - ‘
Hirschsprung disease Colectomy -
Hepato-bilia}y '

 Cholelithjasis Cholecystectomy’
Idiopathic thrombocytopenie purpura (ITP) Splenectromy
Urology
Multicysplastic kidney (MCK) Nephrectomy
Vesicoureteral reflux (VUR) Ureter neocystostomy

" Ureter unplant ’

MCK, megaureter Ureterectomy
Adrenal cancer Adtenalectomy )
Undescended testis Orchiopexy
Urinary incontinence Bladder neck suspension

imental models (83,84). They demonstrated that utenne hom
anastomoses in six pigs sutured using ZEUS were all patent 4

weeks after surgery (83). This study highlighted the potentlal,‘

role of robotics for microsurgery. The same group also used
ZEUS to perform five hysterectomies in pigs (84), where the
mean surgical operating time was 200 min: Regarding the

AESOP system, a laparoscoplc robot-ass1sted ovanectomy was

ZEUS to perform tubal reanastomosis for 10 patlents with
previous tubal ligations who underwent a laparoscopic tubal
ligation (86) The procedure was completed successfully in

all 10 patients, none of whom required conversion to an open
procedure. A postoperative hysterosalpingogram demonstrated
patency in 17 of the 19 (89%) tubes, anastomosed and there.

have been five pregnancies so: far (86).
In gynecology also, the MR-FUS has been used to perform
operations for uterine leiomyomas (87) and fibroid tumors

(88). According to Tempany et al., the eligibility criteria for -
enrollment wére as follows adult women (age >18 years) )
premenopausal status with'a uterme size of <20 weeks and 1o,

dominant leiomyoma >1O cm m dlameter (87) MR FUS was
performed successfully in mne women (age range 39-51
years; mean, 43.4 years) w1th symptomatlc le1omyomas and a

hysterectomy was done 3—30 days after MR- FUS as evaluauon

of its effect

PEDIATRIC SURGERY

The use of robotic surgery ‘has also become w1despread in .
pediatric surgery (89-93) (Table 6). Gutt et al. performed Thal
. and Nissen fundoplication for GERD, a’ cholecyctectomy for
cholecystolithiasis and bilateral salpingo-oophorectomy for
gonadoblastoma using da me for 11 children with a méan
age of 12 years (range, 7—16 years) (89). The mean operating
time for fundoplication was 146 min, whereas for a'cholecys-

tectomy it was 128 min and for a salpingo-oophorectomy it
was 95 min and no complications were observed (89). Bentas
et al. performed an adtenalectomy for benign adrenal tumors
using da Vinci (90). The same group reported pyeloplasty for
ureteropelvic junction obstruction (UPJO) using da Vinci (91).
In experienced hands, a laparoscopic pyeloplasty is an effec-.
tive alternative treatment for symptomatic UPJO. Although
laparoscopic surgery can clearly benefit patients, laparoscopic
pyeloplasty using conventional instrumentation is complex. }
Eleven pyeloplasties for UPJO were performed via a laparo- |
scopic transperitoneal approach exclusively with the da Vinci -

The mean procedure time was 197 min (range, 110-310 min).
All operations were completed laparoscopically with no intra-
operative complications and negligible blood loss. All patients

recovered rapidly after surgery with excellent functional
results at the 1 year follow-up. Their initial experience suggests .

that robot-assisted Anderson—Hynes pyeloplasty is a safe and
effective alternative to conventional laparoscopic surgery (91).
Le Bret et al. reported the possibility of robotic surgery for

pediatric heart disease (92). Fifty-six children weighing from -

2.3 to 57 kg (mean, 12 kg) underwent a surgical closure of a
patent ductus arteriosus. They were divided into two groups,

one consisting of 28 patients (group 1) who underwent video- |

thoracoscopic techniques and the other of 28 patients (group

2) who underwent a ZEUS-assisted approach. The operating -

time was significantly longer in the robotically assisted group.

One conversion in videothoracoscopy was necessary, but no ;

thoracotomy was required. Three persistent shunts were

detected at postoperative echocardiography and were treated
by applying a new clip with videothoracoscopy (one in group 1 -
and two in group 2). No permanent laryngeal nerve injury and

no hemorrhage were noted. The mean hospital stay was 3 days |

in both groups.

DERMATOLOGY

In l988, Rotteleur et al. reported a robotized scanning laser
handpiecé for the treatment of port wine stains and other
angiodysplasias (94). This system is made of a handpiece with

a scanning mechanism and a control box with a microprocessor.
The system is mdependent of the laser (no electrical connec-

uon) and has its own power meter. The deposit of energy was
optlmlzed for effective heat diffusion in the skin. A total of 123
patients weré treated with the robotized handpiece and no

hypertrophic scars were reported. McDaniel reviewed laser
treatment for benign cutaneous. vascular disorder in children ;
(95) and showed that automated robotic laser scanning devices

allow faster less pamful and more cost-effective treatment.

Handels et al: showed an approach to computer-supported i
recogmtlon of melanoma based on high-resolution skin surface
proﬁles (96 97) In brief, profiles are generated by samipling an
area measuring 4 x 4 mm?at a resolution of 125 sample points §
per mm with a laser profilometer at a vértical resolution of 0.1
pm. This new image analysis and pattern recognition method _':;
make it easierand more accurate to treat skin tumors (96,97). #
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CAPSULE ENDOSCOPY

Since Iddan et-al. developed a new wireless capsule endoscopy
nameqd device M2A™ (Given Imaging, Yogneam, Israel) in
- 2000 (98), this new endoscopy system has been shown to have
an expellent diagnostic ability for small bowel dlsease, bleed-
ing and chronic abdominal pain (99-107).

Small bowel imaging is important in the evaluation of

~ obscure gastrointestinal bleeding (108), inflammatory disease

of the small bowel (109) and tumors. The main methods of
small bowel imaging have been either enteroscopy or small
bowel barium studies for evaluating the luminal-pathology.
Angiography is a diagnostic option in the context of suspected
small intestinal bleeding. Push enteroscopy allows an examina-
tion of only 80-120 cm of the small bowel beyond the ligament

of Treltz while intraoperative enteroscopy requu'es general .

anesthesia and a laparotomy. Small bowel series and entero-
clysis have limited semsitivity and, in pam'cular,"could‘ not
" detect flat lesions such as angiodysplasia (110).:Therefore,
wireless capsule endoscopy has. been apphed for many kinds
of small bowel diseases (99-107). -

Regarding the system of capsule endoscopy, in bnef this
system comprises the following components: a 26 x 11 mm
M2A’oapsule which contains a miniscule color video-camera
eqmpped with a localization feature, a data recorder which is
portable battery-operated external recelvmg/recordmg .unit
that receives data transmitted by the capsule and subsequently
allows data downloadmg and a Rapid Workstation, a modified

\' .persona.l computer which has been designed for storage, the -

processmg and presentation of captured images and the gener-
ation of reports (99—107) :

PROBLEMS

There are several basic problems that remain to be resolved in .

order for robotic surgery to spread more widely: (i) the price of
surglcal robots (ii) training systems for surgeons, (i) medical
insurance cover, (iv) downsizing and (v) navigation systems.

Regarding the price of robotic systems and medical insurance
cover, the success of laparoscopic surgery over the past 10
years would endorse further use of robotic surgery (111,112).

Regarding the training systems for surgeons, an excellent

repott on the significance of training has been published (113). -

Furthermore, our group at the Center for Integration of
Advanced Medicine, Life Science and Innovative Technology
(CAMIT) of Kyushu University (http://www.camit.org) started
a training course called ‘Hands-on Training for Robotic Sur-
gery at Kyushu University’ in July 2003 There are two trammg
~ courses for robotic surgery. One is a one-day inanimate labora-
tory course and the other is a two-day course with animate lab-
oratory. Both courses are open not only for medical doctors,
but also for wider ranges of researchers in engineering in both
academia and industry. -

Jpn J Clin Oncol 2004,;34(5) 235

THE FUTURE

Regarding clinical applications, we envisage that almost all
surgery can and will be performed by robotic surgery in the
future. For that to happen, the following systems should be
developed further: (i) an image-guided surgical assistant sys-
tem, (ii) smaller sized forceps for robots, (iii) capsule endo-
scopic surgery and (iv) a surgical robotic system. In education
and umnmg, training centers for robotic surgery, such as our
institute CAMIT, should be established around the world.

CONCLUSIONS

We believé that in the very near future, thanks to the rapid and
contmmng development of robotic technology, almost all kinds
of endoscoplc surgery and thoracoscoplcllaparoscoplc surgery
will becorne performed by robotic surgery, not only for benign
disease but also for malignant illnesses.
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