HIFUTummnmpwncSyuanhnsbemaypmedforme
treatment of a variety of tumors such as liver cancer and breast
m,mmmmmnmzom Currently 3 systems
mworhngmue.Wi!hdxendoflhenewmmmd-mnded
HIFU system of Sonic CZ901, the focused -ultrasound
treatment will become more accessible to the physicians and
patients with benign or mlizmntmmou ‘The new HIFU.
symhasﬂ;cpossibilnytob:mmblemfo:lmymvmg
for rectal and liver cancer with remaining ribs.
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Augmmfed reality navigation guided
laparoscopic nephrectomy '

Hidehzu Takiuchi’, Atsushi Nakao , Masao Tanooka’
'Department, of Urology, Nishinomiya Municipal Central

- Hospital, Japan,

2Depantment of Central Radiology, Hyogo College of
Medicine, Japan

{Purpose) The key of succesiful laparoscopic n‘ephnctomy'is
2 teatment step of renal vessels. So we investigated the

-efficacy of augmented reality in laparoscopic Kidney resection -

in regard to blood loss, operative time and complications.
{Methods] In order to navigate surgeons, 3-dimensional

volumemdmng:magesofmalvwelsmcludmgthw_

bmnches.pms,admnlglandmdmmormwm
créated in advance of operation based on the resuh in
computenzed mography examinstions. Those images were

. auginented on surgical views on :ub-monnor which dupli-

cated surgical miain monitor imiages. A navigstor adjusted the
v:ewangleand the size of valume rendering images to surgical
views. The operators treated renal vessels using augmented
reality imsges as a guide. Augmmd reality navigstion guided

.lapuoseopxc nephmomy was pafouned on five cases with

renal or ureteral cancer. We compued the dats of navigation
surgery - um sugmented mhty with _those without it,

(Results] - Opa'auve drhe ranged from 215 minutes to0
360 minutes Blood loss was bélow 50 ml in all cases, and

no msjor complication was experienced. In comparison of .

navigation surgery with or without angmmted reality,
opentlve time in augmented reality navigated surgery group
‘was significantly shorter than that in one without augmented
reality. There was no sxgmﬁeam dxﬂ'emnoe in blood loss

" between two groups. [Ooncluaiom] ‘Augmented reality made

it poesible to petforin safe and bloodless surgery in laparo-
scopu: nephreaomy .
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. '"Electromagnedc tracklng of a guidewire for
~ anglographic interventions: A phantom study

Rudolf Stoﬁ'ner s Neil Glonop’, Gerlig Widmann®,

Chrmoph Hinterléithner!, Thomas B Lang!, Wemer'

Jaschke Ret J. Bale’
'Univexshy Hospital of D:amosuc Radiology, Deparunent of

‘Diagnostic Radiology 1, lnmbruck Medical University,

Austrig, .
>Traxtal Inc.; Toronto, ON, Cariads,

SUniversity Hospital of Diagnostic Radiology, lnnsbruck

Medwal Umvuuty, Austria

Pnrpose To evaluate the spanal accuracy of a pre-release of
the PetcuNav
(Traxtal Inc., Toronto, ON, Canada) for image giided

etic (EM) navigstion system -
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positioning of & guidewire in a plastic phantom of a human -

cial target points were giued onto the outer wall of water-filled
tubes that mimicked blood vessels. Additional registration
markers were mounted to the phantomi’s surfece. A CT scan
with 1 inm slice thickness was obtained and the data was sent
vis the hospital PACS system to the navigstion system. A
surface-mounted patch was attached externally to dynsmically

reference the ‘phantom. After registration (mean fiducial .

registration emor <1 mm), s guidewire (diameter;
0.89 mm, length: 1750 mm) containing an electromagnetic
tracking sensor coil at its tip was advanced until the target
fiducial was vitible in the reformatred axial cross-section
provided by the navigation system. At each target. position &
CT was performed and the Euclidean distance from the tip of
the guidewire to.the target marker was messured and
compared with the distance given by the navigstion system.
All target points were localized twice. The difference between
distance to the target on the postoperative control-CT and the
distance o the arges displayed on the navigation sysiem was
calculated. Results The guidewire position was evaluated in
50 locations, resulting in an overall target localization error

. {TLE) of 1'53 mm (standard devigtion 1.2 mm, maximum

3.9-mm). Discussion Electromagnetic navigation enables
accurate tracking of instruments inside the body that is not
limited by the line-of-sight restrictions affecting optical
tracking systems. The low TLE measured in this study is
hkelywmumemchmulmeduetoaeombmuonofmn
including to registration and uncompensated motian (respira-
tion, cardisc induced motion), but accuracy should be
acceptable for many interventions.

WS4-6 _
Precise micro-laser ablation system with intra-
operative fluorescence image guidance

Ichiro Sakuma’, Masafumi Noguchi', Bisuke Acki', Hongen
Liao?, Etsuko Kobayashi®, Slngeru Omon’, Yoshihiro
Muragaki®, Katsushige Nakamura®, Hiroshi Iseki® '
'Depnnment of Precision Engnneenng, School of
Enginéering, The University of Tokyo, Japan,

2R&D Center, Terumo Corporation,

’Faculty of Advanced Techno-surgery, lnstlmte of

" Biomedical Engineering and Science, Graduate Scbool of

Medicine, Tokyo Women’s Medical University

‘Combinstion of intra-operative medical imaging such as intra-
operative MRI, surgical navigation system, and surgical robot,
will become important technology for the minimally invasive
surgery in the future, Several technologa should be devel-
oped for this -purpose. One of promising -intra-operative
imaging modalities is optical imaging such as fluorescence
imaging. Recentpmgrusmselecuvewueminingdyu
makes it possible to obmin important pathological informetion
by intra-operative optical measurement.. We combined system
of tumor detection by 5-ALA-induced PpIX fluorescence and
precise sbiation by micro laser. for the first time, with an
sutomatic focusing and robotic scanning mechanism for the
brain surface., )

We developed a combined system of tumor detection by 5-
ALA-induced PpIX fluorescence and precise ablation by s
micro laser for the first time, with an suromatic focusing and
robotic scanning mechenism for the brain surface. 5-ALA
accumulates on tumors to be metabolized to become PpIX
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that is fluorescent. Intra-operative detection of 5-ALA
induced PpIX fluorescence provides useful information for
- tumor detection. The wavelength of the micro laser is 2.8 ym
close to the absorption band of water. This laser is effective
only on the surface of bain tissue, ensbling precise sblation at
the boundary between tumor and normal tissue identified by
intra-operative 5-ALA ‘induced fluorescence. Cambination
tests of the flucréscence measurement and the laser sblation
were performed. The target was the surface of 2 porcine brain
exposed by craniotomy under anesthesia. Before the experi-
ment, 5-ALA was administrated .in sufficient quantities to
sccumulate on a normal brain tissue and metabolize to
become PpD(.Ahalfof:hemmnmncmamwasoovaed
with dura mauer to stop fluorescence signal einission. It was
pom'ble to extract the area with “fluorescence appropnatdy
from the measurement data, and the micro laser with
sutomatically scanning selectively ablated the extracted area.

WS4-7 ‘
-Fully automated registraton of intraoperative
Comiputer Tomography image data

Georg Eggers', Bodo Kress?, Joachim Muehling'

'Oral ind Cranio-Maxillofacial Surgery, Heldelberg
University, Germany,

?Department -of Neuroradiology Heldelberg ‘University
Germany

Introduction: Patient to imsge registration is a prueqmshe for
any kind of image guided surgery, be it navxganon systems,
augmemed reality or. robotics. Standard registration methods
are bued on pair-point registration or surface matching
algomhms. We presenit a2 new method for fully automated
registration of intfaoperative ‘Computer tomography (CT)-
image dita to the patdent. The registration sccuracy. of this
method for mmganon in craniofacial surgery was evaluated,

Materials and methods The concept for filly automated
registration of paneut and CT-imsge datn is based on the ides,
that the position of the patient and the position of the gantry
ofthccrscannermuackeqmdupmofmedam
acquisition, using the infrared tracking system of the naviga-
tiop system., With the imsge plane of the gantry being
calibrated to the u-achng marker, registration of the acquired
image data fully is pexfouned immediately and fully auto-
mannlly Accurucy evaluation was performed in a phantom
study: a plastic’ phamom skl was equipped with 40 titanium
mgetmnrkmmthefaceandthenmmnmn. Regmnnon
of CT-dats was performed with 4 "different configurations of
the wicking system The: accumcy of :dennﬁymg the artificial
,slmll-mounted tnrgeu, using the navigation system after the
" automated registration, was ' détermined for each registration.

Results: The avernge targét registration errar ‘was always
better ‘than 1.5 mim. Insccuracies were distributed homo-
geneously over the phantom. The. messured targeting
accuracy would a.lways have been sufficient for n‘naae-guxded
surgery of any region of the skull and face. Conclusions Fully
outomated registration of mn-aopmdvely obtained data from
a tracked CT gantry is an accurate xegisu-anon method. It is
now in routine patient care usc and has proven its value.

WS4-8
Innoguide - A new device for stereotactic brain
biopsy under continuous MR-imaging

Uwe Speager', Gerd Winkler!, Sebastian Arnold’ Ulrich
Ahdoerfer!, Peter Reimner?, Thomas Remmele®
'Neurosurgery, Klinikum Karlstuhe, Germany, -
?Department of Radiology, Klinikum Karisruhe, Germany,
Mnnomedic, Herxheim, Germeny - :

Introduction: Staeoacnc bxopsy of cerebral lesions is o
routine procedure in neurosurgery. A frame is fixed at the
patients head and a CT or MR-scan is performed. These
coordinsates allow an exact localization within the brain and
the lmiecwryplanni.ng to reach die target with the probe. The
stereotactic strategy is not only used for diagnosic purpose
like brain biopsy, the precise placement of catheters or
electrodes also allow therapeutic regimens. Generally, in local
anaesthesis a small burr hole is performed and a biopsy
needle or clectrode is placed into the planned target area. At
present, various MR-tomographs ere installed in operating -
theatres to allow neurosurgical procedures under radiological
control. Our idea was 10 bring the whole stereotactic set-up
into the MR suite, and not the MR into the OR. Methods: In
an industrial scientific collaboration we developed a fully MR-
compatible stereotactic frame. All components and materials
fit into the gantry of a conventional high-field 1.5T machine,
‘Therefore, the radiological control of the stereotactic proce-
dure is possible in real-time. The movement and final
positioning of the biopsy needle and the biopsy itself is visible

- on-line, due to ongoing MR-image acquisition during
" surgery. Results: The planning, the development and the

construction of InnoguideTM is demonstrated. Initial tests, &
phantom study as well as a feasibility study with a cadaver
head are shown. Meanwhile, the first clinical results of our
ongoing pilot study with 8 patients gre gvailable. Conclusion:
‘The workflow of the whole stereotactic procedures is
improved and it also enhance the precision and the safety

for the patient. :
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A Realtime Navigation for Endoscopic Surgery
based on multimedality medical imagings:
Experiences with 30 clinical cases

Kozo Konishi', Masshiko Nakamoto?, Yoshihiro Kakeu R
Kazuo Tanoue?, Hirofumi Kawanaks®, Satoshi Ieiri*, Ichiro
Youuno, Yoshinobu Sato?, Takashi Maeda!, Yoshihiko
Maehara®, Makoto Hashizume?

"Depmmem of Future Medicine and Innovative Medxea

Information, Kyushu University, Japan,

2Division of Interdlscxplmary Image Analysis, Osaka
University Graduate School of Medicine,

3Department of Surgery and Science, Graduate School of
Medicel Sciences, Kynshu University, ’

“Center for Integration of Advanced Medicine, Life Science
snd Innovative Technology, Kyushu University

In the endoscopic surgical fields, more information which
could be used intracperatively is strongly demanded Three-
dimensional reconstructed images are useful imaging mod-

"alities to assist the surgeon in endoscopic surgery. We

expected 8 new magneto-optic hybrid 3-D sensor configura-

tion, and have developed an augmented realigy navngation
system using an accurate three dimensional sensory system
that can be utilized in endoscopic surgery. The system has
accommodated oblique endoscope, real time distortion
correction of magnétic fields. We have established ‘com-
bined' navigation system. The.complete system consists of a
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* Ultrasonic motor driving method for EMI-free image

in MR image-guided surgical robotic system

Takashi Suzuki, Hongen Liao, Etsuko Kobayashi, and Ichiro Sakuma

Abstract—Electromagnetic interfefence (EMI) between mag-
petic resonance (MR) imager and surgical manipulstor is &
severe probletn, that dégrades the tmage quality, in MR Image-
guided surpical robotic systems. We propose o novel motor
.driving me(hod 1o scquitre nolseree tmage. Noise generation
gccompanied by motor actuaticn is perinitted only during the
“dead time” wiiéh the MR tmager siops signal scquisition to
walt_for relaxstion of protons. For the synchirdnized control
between’ MR imagér and motor driving system, we adopted
-a radlofréquency pulse signal detécted by @ special antemma
as s synchronous trigger. This method can be applied widely
“becausé |f only senses a:part of the scirinitng signal and requires
{oeliher- hardware nor sofiware changes fo the MR {mager.
The evaluation’ renilts showed thie feasibility of. RF pulse as
a synchronous trigger aiid the svallability of sequence-based
nolse reduciion ‘methiod, : .

1. INTRODUCTION :

Conventional surgery consisted of three sieps: preoperative
surgical planning using diagnostic images, surgical opera-
tion by surgeons, and evaluation with postoperative images.
Recently, intraoperative images, such as ultrasound, X-ray
computed tomograpby (CT), and magnetic resonance (MR)
image, have been used to identify the location of a target
lesion and its displaccment/deformation during the surgical
procedure, and used to navigale surgical insruments. The
intraoperative images also ensble on-site -cvaluation of the
surgical results. Surgeions can refresh the operatoion plan
based on the resulis of intraoperative evaluation, that is
impossible by the following-day.evaluation. While imaging
technology enbances surgeon's diagnostic ability and enables
advanced diagnosis, surgical. robot manipulators enbance

. the dexterity of surgeons and realize the higher quality of
sirgical operation. Some of ‘them are commercialized and
bave been clinically -applied. in neuro, orthopedic, cardiac,
and abdominal surgery [1). Thus, integration of intraopera-
tive imageés and surgical manipulators will lead to excellent
surgical operations:. . '
A. Problems in MR image-guided robot manipulator

MR -imaging is one.of the most attractive modalities
because of its remarkable features: nonradiative. noninvasive,

This work is partially supportéd by “Rescweh oo medical devices for
snalyzing, supporting and substituting the function of buman body™ funded
bthquofHéhb.hbaﬁdeel&c. . _

T, Suziki is with Facully of Advanced Techno-Surgery (FATS). Insti-
twte of Advanéed Biomedical Engincering and Science (ABMES), Tokyo
Women's Medical University, 8-1, Kawadacho, Shinjuku-ku, Tokyo, 162-

8666, Japn takashi.suzuki@ieee.org
H.Liro, E Kobayashi, 1.Sakuma are with Graduste School of Engincering,
The Univ. of Tokyo, 7-3-§, Hoago, Buakyo-ku. Tokyo, 113-8656, Japan,
{l1a0, etsuko, szkuma}@bmpe.t.u-tokyo.ac.jp
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and advanced imaging such as angiography and temperature
mapping. There are, bowever, many difficulties in collabora-
tion between an MR scanner and surgical manipulators.

Magnetic material are used for most of mechanical parts
and electromagnetic (EM) motors. They, bowever, cannol be
used under or beside the high magnetic field of MR scanner
because they could be a hazard by being attracted by the
magnetic field. The existence of matnetic material also can
be a problem because the homogencity of the stalic magnetic
field of the MR scanner is distorted. It leads to distortion of
the acquired image. In addition, a surgical manipulator must
not emit EM noise because noise degrades the image quality.
MR scanners are weak against EM noise because the MR
scanner is a very sensitive sensor that receives minute EM
signals from protons inside the body.

Thus, an MR image-guided surpical manipulator is re-
quired to meet a series of specifications for safe operation
and good image quality. It must be compatible with MR
Imager (MRI), “MRI compatible™. Chinzei, et al., quoted the
‘definition of MRI compatibility from (2] as follows; 1) it is
MR safe, 2) its use in the MR environment does not adversely
impact the imaging quality, 3) it performs its intended
function when used in the MR environment according to its
specifications in a safe and effective manner [3). Responding
to these requiremerits, limited MRI compatible materials,
actuators, and sensors are used in the magnetic field of
an MR scanner. Engineering plastic, ceramics, titanium and
aluminum are used instead of iron and stainless steel. In place
of EM molors, for example, piezoelectric ultrasonic motors
[3}. [4). [5]. [6) and hydrostatic transmission or pneumatic
actuators {7). [8] are used. Optical position sensors are used
to eliminate electrical noise [9}, [10).

Although some researchers succeeded in manufacluring
pneumatic actuator for MR-compatible manipulator [11),
{12), they are no! commercially available as a stand-alone
actuator. Ultrasonic motor is the most widely used MR-
compatibie actuator [13]. The uitrasonic motor has vari-
ous sdvanlages; compact and light weight, bolding torque
without a brake. The body of ultrasonic motor body is
MRI compatible, but EM noise is genérated during motion.
Because the EM interference degrades image quality, im-
age acquisition and motor actuation covld not be realized
simultaneously. While Chinzei, et al., showed no significam
degradation of images when the actuator was, located near
the isocenter of scanner, Koseki, el al., showed the image
noise caused by motor actuation. In the authors® preliminary
experiment. the image degradation by motor actuation was
also observed. In some cases, actuation of ultrasonic motor
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results in no image degradation, but the noise problem cannot
be ignored because the ultrasonic motor surely emits EM

noise. Responding to the nolse issue, two solutions are.

usually eniployed..

One is distance scpamuon Actuators are located tar away
from scanner or sel up outside the MR room. Metion of
the actuator is transmitied via mechanical elements such as
linkages or cable/belt-driven mechamsms. which results in
increased size and torque loss during trénsmission.

The other solution is to shut down the noise source. Actu-

ators are powered ofl during scanning 50 as.not to interfere
with image acquismon The first MR image-guided manipu-
lator for stereotactic neurosurgery presented by Masamune,
et al., employed this measufe because they had no ne-
cessity of actuation dunng image scanning {4]. If organs
are lempomnly ‘stalic, realtinie: image-based navigation is
nol necessary. However, when the- target’is a deformable
and easy to shife, frequent scanning is required. Repetition
of” ‘shutdown and restart of the system may elongate the
“operating time.- Moreover, nonsimultaneous imaging cannot
eliminate time lags between image-based motion planning
and motor actuation.

B. Examples of realiime imaging in MR image-guided ra-
diofrequency ablation (RFA) therapy
RFA lhempy isa mmimally invasive technique 10 eliminate
tumor tissue by inserting a needle-shnpe electrode into the
tumor lesion and by applymg fadiofrequericy current to the
tumor via the electrode to hest and ablate the tissue. In
RFA therapy, realtime MR imaging is uscful for precise
needle placement, temperature mapping of ablated tissue,
and intracpcrauve cvaluation of the necrosis region Because
._mdlofmquency cutrent for ablation causes interference with
the imaging slgnal the -acquifed image was affected by
_noise and resulis in a so-called “sandsiorm”™ image. Some
* researchers -have trled to acquuc noise-free xmages during
- ablation therapy. )

Oshiro, et al., used 8 bandpass filler to ehmmate the RFA
generator's noise and to receive only the imaging signal {14].
This method realized noise-free imaging. However, if the
frequency band of the noise overlaps that’ of the imaging
. signal, this lechmque does not work.

Zhang, et al.. switched the RFA generaior on and off to
eliminate the interference [15). During the sampling time of -

imaging sequence, the RFA generator stops not to disturb
the scanning. After the sampling time ‘has passed, ablation
-begins and conunues until the next sampling time. This
method also contnbuled to acquiring noise-free images. MR
imager, however, ouiputs a special command signal as a
switching trigger to-show the iiming of sampling time. This
measure requires modification of scanning sequence and
cannot be always applied depending on the manufacturers
‘of MR scanncer.

C. Objecrive
‘The purpose of this study is to realize realtime image
acquisition and motor actuation simultaneously for MR

Fig. 1. Basic pulse sequence of MRI and dead time to wail relxxation of
protons (noisc-toleram timme).

image-guided robot surgery. We propose a novel MR image-
compatible motor control method. that is manufacturer-
independent to allow wide applu:auon regardless of the
manufacturer of the MR imager.

II. METHOD
A. Basic principle

A pulse sequence in MR image acquisition generally
repeats the following operation: 1) a series of excitation
radiofrequency (RF) pulses is radiated to protons in the

'selected slice; 2) at the time when the echo time (TE)

bas passed. echo signals are received by the scanmer; 3)

the scanner wails for relaxation of protons before the next

excitation.

In this study, we use the time period, the so-called “dead
time” waiting for the relaxatiofi of protons. The scanner
does not receive any signal in dead time, so, of course
cannot receive noise; thus, a noisy signel has no effect on
image quality. We call this time period the “noise-tolerant
time" (Fig. 1). Pseudo-simultaneous image acquisition and
manipulation are available without interference if the motor
is actuated only during the noise-tolerant time.

This technique can solve the problems in the former
studies; clear images are availeble even if the bandwidth of
the noise overlaps that of the image signal, and the operation
time would nol be elongated by switching between image
scan and motor actuation because the motor is actuated not

_“between” but “during” imaging.

Here we need a technique to control the MR system
and motors synchronously on an appropriate time schedule
because motor actuation must.be completed during the noise-
tolerant time. As mentioned above, Zbang. et al., used a

timing signal from the MR scanuner as trigger [15], but this

cannot be widely applied because the timing signal is not
always available de‘pending on tbe manufacturer of the MR
system.

We propose a novel synchronous method that does not .
use an internal timing pulsc of the MR system. We use an .

RF pulse in the MR scanning sequence as a synchronous

trigger. Repetition time (TR) is the time unit 10 be repeated
in a scanning sequence. As an RF pulse is radiated at the
beginning of TR, we can recognize the stant point of each
TR, so RF pulse can be used as a synchronous trigger to
represent the stant point of the TR. Consequenty the MR
system and the manipulator can share a common time scale,
and synchronous control between them can be realized.
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Fig. 2. MR imager (custom ader for e:qnmaml setup).

As a receiver. of the RF pulse. we developed a prototype
external antenna. It is independent of the MR system and
-widely adaptable to any type of syslem. As another advantage
of nsmg the RF pulse as.a synchronous trigger, it is radiated
at every excitation of selected slices and.synchronization will

B be-conducted frequently, so that high accuracy of synchro-
. omuon is guaranteed.

.B. System configuraiion

For the realization of noise-free image aequxsmon under
‘notor- actuation noise ‘'using RF pulse synchronization, the
-System consists of- four ‘subsystems: MR system, the RF
pulse feceiving -anténna, the surgical manipulator, and lhe
computer.

- 1) MR cinager In xlus study. we -used an open-x

conﬁgmauon permanent magnet MR systein with 0.2 T mag-
netic field - (a custom-made prototype for our experimental
selup) (Fig 2). We did not use any scanner-specific functions.
This means that our method can be applied widely fo current
clinical MR systems.

2) RF pulse receiving antenna:. An original antenna was
prototyped using a parallel resonance circuit with inductance
and capacitance. The resonance frequency (fo) of protons
under the 02 T magneuc ﬂeld (b’o) is 8.5 MHz from
Larmor’s equauon .

Jo =5 |Bo}. ‘
{ = il26x 10°H:/T M

Tlle anterina wes conriected (o ‘the computer' to detect

the .RF pulse sigrial. We:-do not have to recognize the
accurate waveform. but to kiiow j jllsl start point of each TR.
‘We: adOpted waveform-condilionlng eircuil to change analog
waveform to digital pulse (RF pulse onloﬂ) using detection
circuit and amplifier. The schematic view of the circuit is

"stown in Fig. 3.

The RF signal is input into a detection circuit to obtain

‘an envelope curve, and then into an amplifier circuit. The

resistor at the detection circuit delayed tie attenuation of the
signal so that the computer could detect the RF pulse signal
casily even if the duration tite of the RF pulse ‘was short. In

" the amplifier circuit, the sighal was amplified up to 5 V so

the binary signal was compalible with the computer. In the
computer, we used a digital input/output circuit board (PCI-
2726C, lnterface Oorporaﬁon. Japdn) 1o delect the input RF

signals.

vl T

daleelm eke.m mal

Fig. 3. deummdmhg&mhtwmbymm.
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3) Surgical manipulator: The final target -of this study
is to realize simultaneous control of the MR system and.
manipulation; to acquire noise-free images and drive a robot
manipulator guided by the realtime image. The limited
purpose of the present study, however, is the feasibility
evaluation of synchronous control of MR system and an
actuator w:thoul electromagnetic interference. Thus, we used
an actuator as the controllable object and as a noise source
instead of prototyping a surgical manipulator, We' adopted
a_nonmagnetic piezoelectric ultrasonic motor with rotary
encoder and its driver unit (USR60-E3N and DGOGOE,
Shinsei Corporation Inc., Japan), which is-widely used in
MRI-compatible surgical manipulators[S), [7)(Fig. 4). The
motor was controlled using the above-mentioned digital in-
put/output board (PCI-2726C, Interface Corporation, Jepan)
for motion command, a DA converter board (PCI-3338) for
speed control, and an encoder counter board (PC1-6201) fot
rotational’ angle sensing.

4) Control computer: A computer (CPU; Pentium I11, 500
MHz, RAM: 384 MB) was implemented to integrate above
subsystems. The operating system was originally built using
Red Hat Linux 9 (kemel version 2.4).

The task of the computer was to manage subsystems.
When a RF signal is received , the computer recognizes

~ it as the start point of TR and resets its timer, then waits

until TE has passed. After acquisition of the echo signals
by MR scanner, the computer actuates the motors during the
noise-tolerant time. When the time for the next RF pulse is’
approaching, the computer stops the motors and waits for,
the next RF pulse.

In this smdy. Jparameter values of TR, TE. and rioise-
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Fig. 5; Experimentn) ;unpfa feasibility test of RF pulse detection,

tolerant time were supplied to the computer manually. We
plan to supply them semi-automatically using the Digital
: lmagmg and Communication in Medicine (DICOM) data.

"l EVALUATION EXPER!MENTS
A Feanbxhry of RF pulse as a synchronous mgger

- The first expeﬁmem was conducted to evalnate the feasi-

‘bility of RF’ pulse as a synchronous lrigget The experimental
setup is shown in Fig. 5. Al the center of the magnet, a
_bead coil and a cylindrical xmagmg phantom (NiCl; 18 m
mol/ arid NaCl 0.7 weight/voluineé % solution in a plastic
bome) were posil:oned Ttie RF pulse-memng antenna was
attached_ using ‘adhesive tape 160 mm from the center of
the magnet. Thie: ‘computer and circuit box were also located
'ontsnde ilie MR foom not to cause imagc degradation.

" The imaging parameters are as follows; scanning se-
quence: fast spin ectio (FSE); TR/TE: 400/15 ms: flip angle:
90 degree: slice thickness: 8'mm; resolution: 128 x 248; field
of view (FOV):250x250 min®. The FSE-specific parameters
were: echo space (ESP) '15 ms; echo train lenglb (ETL): 8.
We measured the signals at three ponnls 1) the raw RF pulse
signal wave recclved by the antenna, 2) the envelope ‘and
3)-the amphﬁed envelope.

Figure 6 shows'a- detailed view of the ucewed RF pulse.
The appll

- the oscxlloscope showed lhat thc ‘frequenicy of the observed
wave was 8.5 Ml-lz.. equxvalem to the Larmor frequency in
2'0.2 T magnelic field, Figure 1 shows the three micasured

* waveforms. The raw waveform was condmoned to a pulse
wave, and the condmoned wave was teee:vable by the
coinpiter.

B. Image qualuv with and without the proposed méthod

We impleniented a simple expenmental setup and actuated
the ultrasonic motor under the magnet-during scanning: and
compared ‘MR images and signal-to-noise ratios (SNR).

The experimental setup is shown in Fig. 8. In addition
o the setup in- Fig: 5. the ultrasomc motor was located
350 mm from the centér of the. magriet. The cable of the

vltrasonic motor was also led 1o oitside. The ultrasonic -

}gm ulility o measure frequency. of the wave in

e Pimac/ay]

Fig. 6. Detail view of received RF pulse.

Timeo (0.1 secidiv ]

Fig. 7. Reccived RF pulse and wave conditioned resulis.

motor driver unit box was located outside the MR room.
The imaging parameters were as follows: scanning sequence:
FSE: TR/TE: 400/15 ms: flip angle: 90 deg: slice thickness;
8 m: image matrix: 128x128; Field of View: 250x250
mm?, The FSE-specific parameters were: ESP: 15 ms; ETL:
8. The image acquisition time was 64 s.

A schematic view of the pulse sequence is shown in Fig. 9.
The control software; 1) wails for reception of the RF pulse,
2) resets the timer when RF pulse is received, 3) actuates
the motor (100 ms) afier TE (120 ms) and additional time to
avoid.interference (80 ms), 4) stops the motor 100.ms before
the. next RF, pulse and waits for the next RF pulse. TR was
repeatéd 16 times in one image acquisition. and in each TR
we spent 100 ms of noise-tolerant time for motor actuation.
‘The actuation time can be longer, but we simply set the time
period shorter for this preliminary trial io avoid interférence
between the image signal acquisition and motor actuation.

Figure 10 shows the results. of imaging: (a) only the

- phantom with the door closed for reference, (b) only the

phantom with the door open, (c) the phantom with antenna
and motor (power was off), (d) the phantom with antenna
and motor (power was on,-but motion was stopped). (¢) the
phantom with- motor actuated with synchronous control, and
(N the phantom with motor actuated without synchronous
control. For quantitative evaluation, we calculated the signal-
to-noise ratio (SNR) using the following equation (Fig. 11):

SNR = Ienter /SDeorners 2
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Fig. 9. Pulse sequence: experimental seiting for noise evaluation.

leenter is the average intensity of the target region (E) at the
cénter of image, and SDeorners is the average of the standard
deviation of the imensny at the corners (A. B, C. D) of the
image. Thic diaméter of the circular region was 19 pixels. The
location of the i imaging phantomi and thie circular regions was
fixed during evaluation. Image aoqunsmon was repeated five

times for.each condmon. and the average, sundard deviation,

and reduction rate to-(a) is shown in Table 1.

‘Comparing (a), and (b), ‘open door showed no apparent
degradation of ifage qualnly and SNR reduction of 3%. This
is because.the phanlom is siown as a high-contrast object
. and backgmund noise s relatively small and ignorable.

' The differénce between (b)- and (c) was caused by the
anténna and the ulummc molor near the imaging region.

Though nio appmm degradauon of image was found, the
- SNR decreased by 8%: The cause was thought to be noise

from ouitside MR room introduced through the cables-of the

antenna and tholor.

Companson between (). and (d) shows the difference
when we turn on' and off the motor driving unit. No ap-
parent noise or decrease in SNR were found although more
degradation had been expected when power was turned on.

Lastly, we compared (d) with (e) and (f). While (e) showed
no noise in the image, (f) could not be used as an image. In
terms of SNR, (d) and (e) are almost the same, but (f) has
decreased by 93%.

' These results show that our novel MRI-compatible method

Signal-to-naise ratio calculation method in an image-

_Fig. 11,

achieved noise-frec image acquisition during motor actua-
tion.

1V. DISCUSSION

“The results of evaluation tests show that the synchronous
control between MR scanner and ultrasonic motor decreased
SNR less than 8% while conunuons control decreased 93%.
Here, we need a certain standard to evaluate the decrease
of SNR. We repeated image acquisition 100 times under the -
condition of (a). The SNR varies almost 10% around the
average value even if the imaging condition was fixed (Table.
II). From this result, as we concluded that appmximalely
10% change of SNR was acceptable. ’ :

This method can solve some problems in the MR image-
guided surgical manipulator. In the former studies, ultrasonic
motors were located far away from MR scanger to avoid in-
terference, and rotational torque was transmitted via mechan-
ical parts, leading to increased size of manipulator and torque
loss. As our method enables motor driving near magnet, we
can eliminate the transmission mechanism to miniaturize the
manipulator. A compact spaee-savmg manipulator is easy
to setup and bandle, and enables easy access to the patient
during operation. We also have no necessity of shutting down
the actuator driver during scanaing. Repetition of shuidown
and restart of the system is not necessary.

A limiation of this method is the problém of trading
off between 'scanning speed and noise-tolerant time for
motor actuation, For precise tracking of moving soft tissue,
the scanning time should be shorter and a higher refresh
rate is desirable. The refresh rate, however, cannot be so



“TABLE 1

< : SIGNAL TO NOISE RATIO. A
—_SNK. Nomahzaticn
(-! T8I L35 1000
(b) 1425 £33 9.2
(5] 1350 £ 33 9.1
()] 1359166 928
() 1359132 928
(0] 102 + 1.4 7.0
TABLE 1l
VARIATIONO‘F SIGNAL-TO-NOISERATIO unm-:n THE SAME CONDITIONS,
—SNR
avengeiS.D 043 £ 70 o
! max 213 +8.4 % to0 average
" min 185.9 9.0 % to average

lngh because higli-speed seanmng (shorter scanning time)
Jeaves less noise-tolerant time for motor acfuation. Because
a-certain length -of time is necessary for start-up response,
‘acceleration, and deceleration in the control of surgical
manipulator, we cannot use the synchronous method with
some high-specd sequences in current interventional . MRI
thierapy, such’as the muluplanar ‘technique and echo planar
imaging technique.The pulse sequence in III. Evaluation
experiments was just one example for applying the proposed
- method. It was neither optimized for a clinical application
nor the only example to apply the proposed methiod. Preset
pulse sequences in MR systems are optimized for each target
such as brain, heart, liver, spine,-and for each purposes, Tl
weighted, T2 weighted, brain function imaging, angiography.
and lempemtnre mapping. “Thus, currént clinical pulse se-
quences are not necessarily appropriate for MR image-guided
surgical manipulator

As mentioned above, the proposed method does not aim
to complete all proceduxes under MR image guidance, but is
intended to check the positioning of the target and surgical
instruments. An example would be high-accuracy needle
insertion {0 .a taipeted liver tumor with short-time breath
holdmg in RFA therapy. under MR image navigation.

Thius; new-types of pulse sequences should be developed
and optimized’ for, MR image-guided. robot surgery lo realize
hlgher refresh mtes and longet nmse-mlemm umes simulta-
jdependmg on the situation, in oxher words, the requtred
Jength of ibe-noise-tolerant time. It will be specified by the
mechanical configuration of manipulator, performance of the
actuator, the movement range and frequency of the target
organ, refresh rate and quality of MR image, and so on.
New pulse sequences for MR image-navigated robot surgery
will maximally use the advantages of the proposed MRI
compatible imaging method.

V. CONCLUSION

This study proposed & novel 'MRI-compatible method. It
realizes both noise-free i image acquisition and motor actua-
tion pseudo-simultanously by synchronous control of the MR
scanner and motor, considering the noise-lolerant time in the

pulse sequence. As a synchronous trigger to identify the start

* point of TR, the RF pulse signal in a scanning sequence is

adopted.

The results of evaluation tests showed that 1) the RF pulse
can act as a synchronous trigger, 2) the newly proposed MRI--
compatible motor control method realizes noise-free image
acquisition, not being affected by electromagnetic noise from
the driving motor.

To the authors' best knowledge. this is the first report about
the noise reduction method based on pulse sequence in the
field of MR image-guided surgical manipulator. Moreover,
RF pulse is firstly adopted as a synchronous trigger between
MR scanner and surgical manipulator, not internal timing
signal from MR scanner. It is a very simple, inexpensive,

- and manufacturer-independent, so that widely appheable to

any MR system.

As a future work, for the best application of proposed MRI
compatible method, we must develop new pulse sequences
optimized for intraoperative image navigated surgical robot
manipulators.
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e it i Hecessary for surgeons to_ passess bigh surgical sills. To solve his problem, we. have developed & wire driven

uit-DOF beiiding forceps using -superelastic alloy for Laparoscopic surgery. 1o this stody, we decided spplicable Jength to
sinliss-supérelastic iniegrated rod incgrporated bending forecps 1o addition, we proposed introduction of tepsion measuement

mmdngcﬁmmmwrecﬁﬁg'mmsh(ammmumﬁowm
iey words: uparoswpxc s;ir_gexy,'Bending forceps, Superelastic alloy, Surgical robot

: : 1. | i

i N Bﬁ&%i:&baﬁtn%ﬁﬁﬁmv&ot LT
PR TFEMRE TOND LD iR oTER, LBL.
HERRMEGHATIHRENS S L L. HFOBBED

EEORBI, SR ORHLEL, BLWFRCS

BERTVRVORERTEH D :
| ;wnsfsﬁma—rat»n:.»m;:mmmmt
BOHFIERRE BEEHE BEATREL RGO’
FERRTERMBE MBS ORBSTONTH
ne, Bx Rz HE CHFABERESSEUALRY
4¥8ﬂéﬁ$38§ﬁﬂﬁﬂ%éngf%tﬁ%94
BB EEROREDEE ¥, TOWUORD
pﬁyasyvmxggﬁggzmwﬁbﬁzﬁoa<
: bﬂu@muﬁ;;ﬁaﬁﬁrﬁ",ax-ﬁm%waaaa
e i F O OB LEgREe ¥ RLHLE
SemERnNTFORRY BthET 3. :
anﬁ&@w&94¢mﬁﬁ¢zﬁnv:yr&am
L L B ERROY L YERAIEREEE—AT Y
Lany FO— Dy FEBALREES B BB
FAMRLTER, UL, SHEARUEHERAOX
53 L ADA VIHARHENBC T4 YERAOHTE

SEICE TV, VA YERITERT SHEAL LT,
DEREL LT EDET A YREOWT, @BHFRIK &
BDAYOREH Y9 T yYDEEIELHI,

2z TH1 OEEEMRT DRI, —HER Y RO
gEEaenTeERb L. DA ¥ BEAORREEBT
3, FERBL LCERES &R 100,76,60lmml & &L
HEBIBAL TSRS 240mmlo—#Re » FiED
T, BIERDBRERETY, TOMEER-S, BREERD
BWORE S EHOR.

.58 2 QR T A FIMbIBARDNLBVE
». T4 ¥ OTMBENTR . BHORELSEILSTE
TVB LER BB, TS TUA YERADT =) N

) mns'm»év«mm%#ﬁm:m.mmﬁs-r
3, &b, WEORBAY I hE LTAVWBIETR

SEpRLL EHEBR BB AT AT LTHAT
sremTadLBELbID,

Ei, RROEHBIMERATILY 4 P WELFHHIE
BEhTHY ., BHOBLOERE BT ELTVE,

| g CEHBICL BEMORBERETADI, BBER

g ORIHERRIcER L. (FigD)
b 3 a#;w-'f-m_-.w 975y VORRTL a568
DETR. w2 BEBAENET ARV E Vot REMED

t

By Pa—saRaxs




TOS, 16 ERETSADIE, REREXELT 55
Frva =) ERALTEN &—m.ﬁoesaw§
RH3 6, {—-‘(‘*Hm‘.ﬂi BEFH LAYy &
EERLAAY I Ty SRERMNENATS, ShREE
FEELH S o R BE RERE <92 Ty HRIT
REETBIET AYISy /ﬁommmsa bOT
b3, .
' 3.  TRNERELHH
. Blo3 Y BRI Ertest, BIRDUERDIC T, BIMERS &
) AFYVADY FEEBIETRE LA—H#Bo kot
| CEBRNORMEBSR. —$ED y FREMEASE
' 240,100,76,50(mm) -4 EITV T Slmm) TR
ERNOBEE TR,
Hh LHUOBERZD LY BAEALREE TS
TETERERBIC B E TOE—S 0S| EABRER
I EMTER, Ll 100,75,60[mmlTiik & 2258
RBOhR Pk, T2 T—HED A PROEMEE LD
B & BOBRFIPIE LS LEBEE R—EOTY 7
BERLTORNOE 8D S, B SOBR2E &
EROSEBL LTR —HED » FREDHURS 2L
TET & CEBEARBOTMEND R £ (1~2%B
B BHiTbD, Figd &V, 2%BETHHICBREER
KBTS 100mmlBRE THE LB BHS,
o 4. BE
. VA YERLNSS B EEBHTF TR T ABICEA
+ 5~ WY £ ¥ITBNT, EAELROBINRELH
B H AR ETAR—FED » FizonT3IRY
BMRET EIMEALRERELR, B4, VA YEH
DIHOE MRS RDIHMOMB LKA LY, SER
ELLBBEASRO-HEE 5 L BHE Y EAR
LABFEBEL, /49 25 y SRELBALERLF 1
1RELT, BHRRICY D EORFESTFELT 5.
g
FRRO—BIFENETRR, LU - BEh - R

ERBNRFEBROEL 7  S— 0D LB bOTH -

-3
SExw
D FE B 64, BHEALTA A ERER

B Fe= a2 V- RIROUR, B4 EEEXHT
SRELWAKSBYXTHM, .8, 2008

2) Klam, et &l “Hyper-finger for Remote Minimally
Invasive Surgery in Deep Area”, Medical Image
Computing  and-  Conputer-Assisted  Intervention

(MICCAI'02) , pp.171-181(‘part 1); 2002

(ntegrated rod)

0.0 2.0 4.0 6.0
Strein [X]

Fig3 Load-strain diagram
(Superelastic alloy)

— 46—




B s L DA .

41

07(x1)48 m#&nﬁimmm.m%w ES—s 2 VLR ALET SHR

: OX M LH B&°, BS B=", Bo Bhe, ¥k 356",
BBRB, Ak ERF, AL BES, HE B, B B, AW —8Be

‘HORKE, *HRKFEMXE

: Research of the surgical navigation system for a neurosurgery
KmmamVWﬂK?TthnMUﬂxfl&mSHmUWh'NhﬁmmnNOGUCHPEmm&AOKP
Hongen.LIAO" Etsuko. KOBAYASHI’, Tekashi MARUYAMA?, YoshmmRAGAm‘Jinostsm
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“The University of Tokyo, “Tokyo Women's Medical University
AMhmmym&smwmtofghmitthwmvemmy Obscure boundaries between
nwmalmemdgliomapxeventmgeonfmmdewmgeaﬂy Navignnonsymhubeennsedinachma]opaanon to help
angeondewctlninmmoreamly But there is a special phetiomenon called “Brain shift”, which is deformation and transation of
buinmadmwalopcanonjAmml:mHmeAdd(&ALA).anmxmrbrmlhﬂumesmce, is used for assisting intra-operative
detecuon of brain - nnnoranditsboundaﬁes We developedthemmmtmm!syswmuangs-ALAformnngmnB-opaaﬁve

/dewaion of brain- tumor. It is nwuwy however, to integrate intra-operstive information ‘acquired from a varions surgical
measmunent sysuuns with puwpemnve information for effective smgxenl navigation. In this research; we developed an imegmed
imn-opmuve mfomanon system congisted of navigation system, and intra-operative measurement system using S-ALA.
Key Won!s: 5:ALA, an tumor, System integration, Navigation system, Neurosurgery
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Intraoperative Local Demarcation System of Brain Tumor for 5-ALA

- induced Porphyrins
1Saluma® -

MNoguchi’, EXobayash®, TMaruyama®, Y.Muragaki’, H.IsekT",

** Graduate School of Engineering, The University of Tokyo

*Graduate School of Frontier Sciences, The University of Tokyo ‘ :
“Department of Neurosurgery, Neurological Institute, Tokyo Women's Medical University .

¢ Faculty. of Advanced Techno-Surgery, Institute of Advanced Biomedical Engineering and
Science, Graduate School of Medicine, Tokyo Women's Medical Universiy
Abstract: S-Aminolevulinic Acid (S-ALA), & ‘metaboric precursor of protoporphyrin IX (PPIX) has receatly been used for
intraoperative. demarcition and visualization of glioma tissues. It is necessary for complete resection of Malignant glioma to improve
the flubfescence detection system that has high sensitivity and high-resolution gbility. We have previously developed a handheld

device for localized idesfification system of brain tumor with the measurement resolution 0.6mm. However, precise positioning was

required for stable meésurement of fluorescence. Furthermore, the size and weight were still large. It was difficult to hold the device
durinig ‘@ measuremént and to. keep the appropriate distance from the target point. We developed the new pen-fike fluorescence
detection’ probe thit -had high sensitivity, higheresolution ebillty and lightweight. Resolution ability that is investigated using
white-blick seat dind precision positioning stage was 0.5mm at 7.0mm distance between sample and probe. '
Key words:S-ALA, ProtoporphyrinIX, Brain Tumor, Fluorescense Detection
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1) WStummer et al; Fluorescence-guided resection of
gliobrastoma multiform by using S-aminolevulinic
acid-induced porphyrins: a prospective- study in 52
consecutive patients, J Neurosurg, 2000
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Preliminary trial of a novel MRI compatible method based on
synchronized control for MRI-guided surgery-assisting robotic

manipulator (2™ report).

' oTakashi Suzuki, “Hongen Liao, *Etsuko Kobayashi, *Ichiro Saluma
o Institiste of Adianced Biomedical Engineering and Science, Tokyo Women's Medical
o ' University, ®Graduate School of Engineering, The University of Tokyo
"Abstract: Integrationof surgery-assisting manipulator and magnetic resonance (MR) image-guided surgery will provide
sophisticated surgery.by enhancing surgeons’ dexterity and diagnostic ability. Electromagnetic noise from actuator and
gensor of manjpulator; hiowever, degrades the quality of MR images. We have introduced & novel motor control method
that actustés ‘ultrasoni¢ motor gynchronously during “dead time” in scanner’s pulse sequencs not to interfere image

signal acquisition. The 1** report showed the feasibility of noise reduction by synchronous motor control. In this study,
we report the variation of sighal-to-noise ratio (SNR) depen
tests, ultrasonic motor was located at the distance of 200, 350
‘scanned using fast epin echo/gradient echo wlile motor was
from acquired iinages. Though in the cases of 200, 350 mm,

ing on the distance from center of megnet. In evaluation

, 500 mm from the center of magnet. Imaging phantom was
actuated continuously/synchronously. SNR was calculated
continuous actuation decreased the SNR, in the case of 500

ram, SNR of éynchronous motion was. niot below that of continucus one. The results showed synchronous actuation is
valid regardléss of distance from center of magnet; and distance separation is sometimes not enough measure. '

Key words:

Msgnetic resoniance imaging, Intracperative MRI, Image-guided surgery, Surgical manipulator,

Piezoelectric ‘ultrasonic vibration motor, Electromagnetic noise, Synchronous control.
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NHD. FRESHOERICL)BEILORIINTE
BBOTHRIZSVTIRAISTIER S, +— 5 BEHRIIR
ETIRBE ) 4 XHRERELHLEED D, HELLT
=5 OREES ), MRIAHGBhAEBFH~OET—50 -
BR 4O, 1AL RART AASOERS GRRL b
R, BEOHML, BRHDOESRBICE SRROXT.
b, AEEEED) 4 XERREL Vo RR b ok,
2 TR - v AR ORABMO S LEESERABL
72V EHE (dead time) LB L TE—F 2 MBTH L
<, MRIE L e BBOFHEBIT DHELRRL
& 8. Zhang b OFRE I MRI i & ORMBIEIC
MRI ER»SHMAEHBF A IR EAVES, =
o= FY =7 EETHIRAH TR, TITHR
R O—> DM BT T2 S IEFHM (Repetition Time,
TR) BsEEE X TRIESh 3 RFEEEFAM I HL LT
SELAMERALE. XBETEYS FIATE-S
T ORI X STEAFEOFHETMBLE.

- 147 -

%59
AFETR/ANVA Y=, ARD dead time 3 1)
(Fig. 1). ZoB#Mizix MRI ERREERMBETHLT
D) A XRENH oL LTHEBBS L OFHN
FERBSLLAL. ORBIERELTE—S &8
B3 dicik MRI &R L T BHX & ORKNL
ETh3. TORM MY YL LT TREHEATRIRS
h3 RFESEAVWE. LCHEARERVWEBEDT
YFricky RFESERIEL, BBEREIToL#,
IV RaL=F IRANTS. ANBHLBHBTE—S
BOHROBHMEY Yy b2 TE TREKBKAT
BI¥E1T5.

3. FHMERS :

AFEIAER M & OIERE T2 REHRED S
FIZED, /4 XHRERRLTNS, 229 E-F0
REBHEIC XS TRFENTRICHETS L EESH
274 (signal-to-noise ratio, SNR) & BV TR L .

HRICIBERY S M) 2 FTIEERBS A TOR
R MRIERTEALE. BB LICHRE LEERA
a4 ARICIBRA 7 7 ~ b+ A (NaCl, NiClp kEK) ¥ B
®LA. BFHEE—4 (USRG0-E3N, HEIR) ¢WP
thdxde & 200 mm( = 4 MS), 350 mm, 500 mm IZB{E L
# (Fig. 2), &—% ORRAM off/on DHE, TLTAM
B0 MBS 1T o R B2V § BT EREBRA
L, 0 SNR DR HB L. BB —F R fast
spin echo(FSE)(TR/TE=400/15 msec, ESP=15 msec,

2.

BXarEa—-sflHES XS



ETL=8, FA=00 deg, fR@.F 128x128) 33 £ 1 gradient
echo(GE)(TR/TE=100/15 msec, FA=65 deg, 2
128x128) ¥ V.
%-9%¥Atf7r/FA®$&ﬁ&LrﬁA&
£ LT, SNROETY Fig.. 34 REHETRL
. B of LHE~RT, m on, F‘mﬁib& LE&aiR
" SNR 3Z{E L2V, EgIcE—F &Eﬂb L@ank
SNR: 0)(&1"2)35. bh, W'i’ulu:&d( (£ Bﬂﬁl-.&o
"wab =% ¥ y=500 mm me,r L& SNR DiE
'F:b!ilj\& 29 10% 'Cbor BRe OFRERB»E
10% BB D SNR. omm;taﬁﬁﬁ'cba Ltbhhro
T#Y, ‘500 mm DEERBEL S LT/ 4 XOMBIIRS
iF5k LHE?TGHE 48 LB LW, ThLSNDOFA

~ 500 mm ¥: 3 L'CEQE Lf"ﬁ“‘h.ﬁ: SNR DEETHRSE .
ABRD, 500 mm DEERENS & L'b'i‘ﬁ’(‘lif:b\ '

PR éhd"

/ﬁﬂ .
MRI TreEFRE—Y Eﬁbﬁl ML 23 /4 XioH
LT, —$REL LTIRR S —4 2D dead time &
: Hw?‘-‘t——imﬁw‘:&ﬁﬁb FOFEERY NIRRT
St d 0)&&&&&& BTEHTHEZ LERLE.

mﬁ :
*ﬂ%w—ﬂﬂliﬁﬁﬁ%%ﬂﬁhﬁ (Srecmapses -
1085 REWBNIRTENR) (FL2FERo Ny MAROMN
RITBIT IR ILXDILOTHS.

e
, m
st e (-
st st ———Gf >
(mham& SR I na
medical cevices) Ackse-tolerant tim tms "

Fig 1 Synchronizahon method using RF pulse asa
- trigger at the start point of repetition time (TR).

centerof  _4Y
magnet -~

Fig. 2 Motor was set at the distance of 200, 350, 500
mm from the center of magnet. -

20004118

1) K.Masamune, et al. Development of an- MRI-eompatible
needle m‘,selrtion gamxzi pulator t&r) Wc neuro-
surgery. J Jmage 1 1895.

2) GE Medical systems wg
?'- Guldelines for Signa SP™™, Vergionl.0., 1097.

8) Y.Koseki, et al. Endoscope manipulstor for. trans-nasal

neurosurgw ptimized for and compatible to vertical
MICCAL 114~121, 2002.
4) #2!% MRI BRSNS EFHLE 7 BREv=Pa

V=5 W%, ROBOMECE006, 2A1-A15, 2006

5) #ER, BISINA MR a*mm&&fem:ma
Tu—7RIEDLDHD MR #HEHEHEC=Ca L—F OB
3. J JSCAS , 8 (3): 93-94, 2006,

6) T.Oshiro, et al
dxof:requency generator during radiofrequency ablation
in mtelrvenzggnal ‘MRL J Comput Assist Tomogr, 26 (2):

7) Q. Zha.ng et al.'A method for simultaneous RF ablation
and MRI. J% Reson Imaging , Si ): 110-114, 1998,

8) SakEEIMh FARRY=F AL DBREEEE L
_1;281!!;21 ﬁt&kﬁﬂ?‘b&ﬁ&ﬁ GHETS, 44 (4):

AR )
Mmm

Flg 3DecraseofSNRmFSEsean.

w . . C - P
{| T - — —— —— o
« . . e
%n 4-__X.~. ———— L -.;'__.q—/ ——
~. S : )
© l—--.e_...: e /__ [ —
o gn \'\ . - ) )
8 » —_— . ——ad P [—
L . : .
0 <40 W £ 0 40 0 K0 B K0 s &0 &S0 a0
o m.-— — i
: " - pammrmnes -
o \,.- ——— - — JU——y
" B -
© ...l\\ A b . . o RS
: . PR
ln u-ia—_._'l\_..:_. P —— -
8 L} : . e R
B} woows e ~—— - - }—— —_—
o L B

a0 80 o %0 0 &0 & 0
PO Cxtance Jm)

Fig. 4 Decrase of SNR in GE scen.

afety and MR Compatibil-

uction of electronic noise from ra-.




070aV)}e9 5-ALA BEBE PpIXIc £ SRBEEREMLM:
EESOHERRIETSHE

O&# B/, Fn fs
(AR -8

s, A EERTF, UL KBRS, HE B, R B

°M*+ﬂ:¥mﬁﬁﬂﬁ‘2ﬂ%§ﬂ ”M#?Eﬁkﬁm#&%ﬁ
¢ Kﬁ(#-’f-ﬁﬂkﬁ*#ﬁﬁ‘:ﬁ&ﬁ R TIIERT S T R 53 BF

The Method ntihzing fluorescent images of 5-Aminolevulinic Acid-Induced
PpIX for Intra-operative Brain Tumor Detecﬂon ‘
- K. Shimsaya®, M. Noguchi®, E. Kobayashi®, T. Maruyama®, Y. Muragaki®, H. Iseki®*, L Sakuma®
! Graduate School of Frontier Science; The University of Tokyo
Departmem of Neurosurgery, Neurological Institute, Tokyo Women's Medical Umversxry
® Faculty of Advanced Techno-Surgery (FATS), Institute of Advanced Biomedical Engineering and
Science, Graduate Sehool of "Medicine, Tokyo Women's Medical University

Abstnct. S-Ammolevulmic Acid (5-ALA) tums into a fluorescent substance called ProtoporphyrinIX (PpIX) when administered

" to a living body. PpIX -is specmllyacwnulmd in pathological lesion, excited by blue light and emits red fluorescence by which we

can know the existence ofmmors The fluorescence ¢an assist to detect malignant brain tumors and brain regions can be visualized

with & pmcedm of CCD cameéra mtra-opcmtively, and removal rate of tumor can be improved. In this study, spectrums of human

brain tissues were obtained in vitro, and fluorescent properties of malignant tumor and non-tumor tissues were acquired. By utilizing

this finding, we proposed optical ﬁltusand ‘methods usmgﬂuomtimagwobtnmed by using CCD camera for discriminating

tumor regions. One miethod is based on discriminant analysis method, and another utilizes clustering algorism. We made a phantom
simulating optical properties of brain tissues, and those methods were compared and evaluated by using this phantom.

’ Key words: S-Anunolevulmic Acid, ProtoporphynnD{. Brain tumor, CCD camera, ﬂuorueem image, Discriminant analysis method,

Clustering algorism
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