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Fig. 1 Upper: Schematic diagram of the thres-way
bipeolar forceps systexm. Lower: Phatograph
of the system with eleciric stimulator (a),

bipalar coagulator (b),
switching circuit {c}.

and thres-way

Materials and Methods

I. Configuration of the three-way bipolar forceps
system

A mechanical rotary switch {T5-2; Nihon Kaiheiki
Indusiry Co., Lid., Kawasaki, Kanagawa) was used
as a switching device to control the flow of the
electrie current based on the desired function of the
system (e.g., surgical manipulation vs. monitoring
device). Device connectors were installed on a glass
epoxy reésin panel with a dielectric strength of 8 kV
or more, and the connectors were linked with the
devices using silicone-coated wire with a dielectric
strength of 6 kV {AWG #14; Kyouwa Denko, Tokyo}
{Fig. 1).

The switching circuit system was designed to
provide an exclusive closed cireuit to each modality,
which consisted of the following components: a
bipolar slectrosurgery system (Micro-2 plus; Mizuho
Ikakogyo Ca., Ltd., Tokyo or MALIS CMC-II
System; Codman & Shurtleff Inc., Raynham, Mass.,
15.8.A.}, an electrical stimulator (Neuropack; Nihon
Kohden, Tokyo or Ojemann cortical stimulator,
QCS5-1; Radionics, Burlington, Mass., U.S.A)}, an
amplifier (Neuropack), the mechanical rotary
switch, and the connecting wire. The Neuropackisa

system for the measurement of evoked potentials
under general anesthesia and includes a built-in
amplifier and an electrical stimulator, During awake
surgery, the Ojemann cortical stimulator was nsed
for functional mapping without an amplifier. The
choice of the Neuropack or Ojemann stimulator was
based on the location of the leston and the surgical
procedure. If stimulators were used simultaneously,
one of the stimulators was always isolated from the
three-way bipolar forceps system.

Each modality (bipolar electrosurgery system,
amplifier, and electrical stimulator) was insulated
fo ensure safe surgery. Inputs and outputs were
conducted through the patient's body using the
conventoneal bipolar forceps as a mutual probe.
The panel and the connecting wire had a dielectric
strength of 6%V or more, so the surgeons and
operators responsible for operating the mechanical
rotary switch wese insulated appropriately to
prevent electric shock. Therefore, the mechanical
rotary switch was suitable for use under the varied
glectrical characteristics of different types of
surgical devices as follows: coagulation (frequency,
1-5 MHz amplitude, 300 Vpp; currenmt, 500-1000
mA), nerve stimulation (1-50 Hz; 350 Vpp; 1-10
mA), and elicitation of nerve potential (5-10 kHz;
1 4~10 mVpp; <1 mA}.

The three-way bipolar system included a failsafe
mechanism by which accidental use of a foot pedal
could not cause coagulation if the device was set in
the stimulation or elicitation mode. According to
international standards for medical devices,* both
dielectric stremgth and high frequency leakage
current were measured on the three-way bipolar
system connected with the bipolar electrosurgery
system, the electrical stimulator, and the amplifier.

II. Measurement of forceps movement time

To evaluate the performance of the three-way
bipolar system, the movement time between coagu-
lstion and stimuletion was compared with the
changing and movement time of a coanventional
bipolar forceps and conventional stimulator probe.
Five neurosurgeons (mean age £ standard devia-
tion, 37.4 + 8.5 years), who were accustomed to
handling the conventional bipolar foreeps and the
Ojemann stimulator, participated in this experi-
ment,

For these experiments, small copper plates (3 X 3
mm) were arranged in a triangle (A, B, end C) on a
circular silicone board (70 mm in diameter). Each
apex consisted of two copper plates placed side-by-
side to produce a short circuit when touched with
the bipelar forceps or stimulator. Using the conven-
tional or novel device, neurosurgeons were instruct-
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ed to touch the three points (A, B, and C in this
order) using the bipolar forceps (poinis A and C) or
the stimulator probe {point B} under a stereoscopic
micrascope (X 8) (AS-3; Nagashima Medical Instru-
ments, Co., Ltd., Tokyo). The conventional bipolar
forceps was held on point A for a given time, and
then the tool was exchanged to the stimulator probe
and moved to the next point B. The time from tool
removal from point A and placement to point B was
recorded. In contrast to the novel device, the sur-
geon was required to exchange the conventional
hipolar forceps for a stimulator probe when using
the conventional device. Next, the time from the
stimulator probe removal of point B to the conven-
tional bipolar forceps placement on point C was
recorded.

Each neurosurgeon was allowed three practice
runs to touch targets A, B, and C, one after another
(8.g2..A,B,C, A, B, C, A, B, and C in this order) using
the tips of the forceps, Experimental determination
of moving time was conducted with 10 frials for
gach neurosurgeon, and movement time (including
changing time in case of conventional method) was
measured. The measurements are expressed as
mean * standard deviation. Differences between
means in moving time between the conventional and
three-way bipolar forceps method were assessed by
two-way repeated-measures analysis of variance.

III. Animal experiment

An animal experiment (4-month-old pig; body
weight, 40 kg) was conducted to determine whether
the electrical current flow can be safely switched.
MEPs were measured continuously from the gas-
trocnemius muscle, and the left central sulcus to
lateral ventricle was incised with simultaneous
maonitaring of the elactrocardiogram and respiratory
movement. The animal was anesthefized with in-
travenous administration of propofol (12 mglkgfhr)
(Diprivan; Astra Zeneca, London, U.K)), and needle
electrodes were ~inserted in the gastrocnemius
according to the belly-tendon method. After opening
the dura mater, the motor area was electrically
stimulated using the bipolar forceps connected to
the switching circuit system. Stimulation was con-
ducted with 5 train pulses of duration 0.2 mssc and
interstimulus interval of 2 msec with a stimulation
intensity of 10 to 15 mA. The amplifier seitings of
the evoked potential-measuring system for the MEP
were as follows: sensitivity, 50 #V/dlv; low-cut filter,
10 Hz; high-cut filter, 10 kHz.

IV. Clinical application
The bipolar electrosurgery system, the input ter-
minal of evoked potential-measuring system, and the
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stimulator were connected to the exchange device.
The operator changed the rotary switch to provide
the functions of coagulation, electric stimulation, or
SEP measurement upon request of the surgeon,

Tenr patients with glioma underwent elec-
trophysiological measurement of neuronal function
by the three-way bipolar system during surgicai
resection of the tnmor. Eight patients underwent
awake cranictomy (frontal, n = 5; temporal, n = 2;
occipital, n = 1), one patient underwent surgery
{parietal) under general anesthesia, and the remain-
ing patient also underwent surgery under general
anesthesia. Written informed consent was obtaingd
from all patients.

The performance of the three-way bipolar forceps
was evaluated by functional mapping in the eight
cases of awake craniotomy. Using the forceps, a
mapping study {duration, 0.2 msec; stimulation
intensity, 2 to 10 mA; stimnlation frequency, 50 Hz)
was conducted by monitoring the patient's move-
ment and speech response to identify any eloquent
areas within the surgical field.

SEPs were measured by stimulating (duration, 0.2
msec; intensity, 10 mA; frequency, 2.2 Hz) the lefi
median nerve in one patient treated under general
anesthesia, First, single channel SEPs were led from
the scalp electrode attached to the C4’, using Fz as a
reference electrode. Next, two channel cortical SEPs
were monitored using a strip electrode with four
contacts [T-WS<4P; Ad-Tech Medical Ingtrument
Co., Racine, Wis., U.S.A.} inserted from the opening
of the skull to the front inferior surface of the dura
mater. The strip electrode was placed at a right
angle to an imaginary line that reflected the central
sulcus. Finally, single channel SEPs were led from
the brain surface using the tips of the three-way
bipolar farceps as the anode or cathode.

An optical tracking system (Polaris; Northern
Digital Inc., Calgary, Cenada) was used to verify the
tip location of the three-way bipolar forceps using a
reflection - fnarker in one patient treated under
general anesthesia. Magnetic resonance (MR]
images acquired intraoperatively were registered in
the navigation system (Toshiba Medical Ca., Ltd.,
Tokyo).?? When the cortical and subcortice] SEPs
were monitared by stimulating the median nerve,
the tip locations of the forceps for SEP elicitation
were superimposed onto the registered MR images
in three dimensions (sagittal, axial, and coronal way)
and displayed on the monitor screen of the tracking
system.”

Results

After the three modalities were connected to the




172 Y. Fujita et al.

_lett gastrocnemius

Fig. 2 Motar evoked potentials elicited from the
pig lower limb by direct stimulation of the
coriex using the three-weay bipolar forceps,

three-way bipolar system, the dielectric strength
between the forceps and the ground remained above
the minimum voltage of sach device.® The leakage
current from the tips of the forceps to the ground
was below the limit of the standard, when the switch
position was set to the stimulator or the amplifier.
Moreover, the high frequency leakapge current
between the forceps tips, which were switched to
the electrical stimulator or the amplifier in faulty
coagulation mode, was 18 mA, less than the calculat-
ed limit of 25 mA in the standard.?

The time duration between coagulation and stimu-
lation was significantly shorter for the three-way
bipolar system {1.12 + 0.42 sec) than for the conven-
tional procedure {3.63 + 1,00 sec).

Use of the three-way bipolar forceps in the animal
experiment verified that the apparatus could serve
as a stimulation electrode as well as a coagulation
device. Further, the switching procedure was per-
formed safely without complication. Figure 2 shows
the MEP recording from the porcine lower limbs
by cortex stimulation with the three-way bipolar
forceps. The onset latency (left, 20 to 23 msec; right,
33 to 39 msec) and the amplitude (left, 20 to 120 4V;
right, 30 to 50 #V) varied in each trial,

In patients undergoing awake craniotomy, the
functional area was successfully identified by
functional mapping using the stimulation function
of the three-way bipolar forceps. Figure 3 depicts
the SEP recording of one patient under general
anesthesia. The wave profile of the strip electrode
and the three-way bipolar forceps used to identify
the central sulous were somewhat larger than that
obtained via the scalp electrodes. With the disk elec-
trode, 200 stimulations were reguired to obtain a
reproducible wave profile of SEPs (peak latency,
22 msec; amplitude, 3.5 4V} (Fig. 3 o). In the wave

C4"-Fz scalp

v |_2 g
5msat
\pre-C8-Fz cortical

A\ bipolar forceps cortical

|1D uv
5 msec

¥ig. 3 Somatosensory evoked potentials (SEPs)
obtained from a patient with left accipital
glioma nnder general anesthesia. Traces in
a represent ardinery SEPs elicited with the
scalp electrode, Traces in b and ¢ represent
simultaneously measured SEPs from
subdural cortical electrodes showing phase
reversal waves as a résult of placement of
the two electrades on opposife sides of the
cantral sulcus, Traces in d are laading SEPs
recorded with bipolar forceps. Traces in b,
¢, and d have the same celibration (10 pV).

profile of the cortical SEPs {Fig. 3 b and c} measured
using the strip electrode, a phase reversal was
observed between two traces obtained from
neighboring two contacts. Consequently, the two
contacts of the strip electrode were confirmed to be
placed behind and in front of the central sulcus.
With the strip electrode. 80 stimulations were
required to generate reproducible SEPs (peak
latency, 20 msec; amplitude, 12 #V). With the three-
way bipolar forceps, 60 stimulations were sufficient
to obtain a steady wave profile of SEPs {peak
latency, 22 msec; amplitude, 11 4V).

When the navigation system was used, the optical
marker placed on the tip of the three-way forceps
disclosed that the sensory area overlapped with a
portion of the surgical field (Fig. 4). The three-way
bipolar forceps could induce the subcortical SEPs
(Fig. 4 b) after tumar resection as well as the cortical
SEP (Fig. 4 a).

Discussion

The present stndy demonstrated that use of the
three-way bipolar forceps reduced the time required
to achieve two of the three actions (coagulation,
electrical stimulation, and elicitation} amd can
facilitate neurosurgical procedures. The time meas-
urement reflects the correctmess of the probe
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Fig. 4 Navigation of three-way bipolar forceps
superimpoged en intracperative magnetic
resonance images of a patient with right
parietal glioma. Somatosensory evoled
potentiel (SEP) traces in a and b correspond
to positions ¢* and b" on the surface image
of the brein cortex. Virtusl needle on the
navigation image shows the location of the
bipoler forceps eliciting the SEP in b,

position with tool exchange. The three-way bipolar
system can maintain the accuracy of probe location
during coagulation, stimulation, and elicitation. The
benefit of this system may be even greater if the
region to be manipulated is close to the eloquent
areas. The frequency of interruptions in the surgical
procedure by changing tools may stress the neu-
rosurgeon. For examples, in one case of vestibular
schwannoma, 34 exchanges (total 20 min} were
required using conventional devices within a 9-hour
surgery {data not shown]. Although stimulafion
required less than 1 minute, repetition of the
exchange action resulted in a significantly longer
operative time,

In the animal experiment, MEPs were observed in
the lower limbs after electrical stimulation using the
three-way bipolar forceps as an electrode. MEPs
elicited by direct stimulation onto the motor cortex
can locally stimulate the motor area.” In the present
study, the three-way bipolat forceps could induce
micro-stimulation of the motor nerve. This observa-
tion suggests that functional mapping can be
achieved without changing the instruments, so sim-

_ plifying the surgical procedure and reducing opera-

tive time.

This novel system could perform fanctional
mapping during awake craniotomy equivalent to
that achieved by the Ojemann cortical stimulator
probe. After confirmatiop of the safety; the three-
way bipolar system can be used for MEP measure-
ment by stimulation of the deep brain, where
frequent exchanges between the stimulator probe
and the bipolar forceps are necessary and a shift ofa
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few millimeters in the location of coagulation affects
the functional outcome. The stimulation time
required to achieve a stable SEP profile was shorter
with the three-way bipolar forceps (60 stimulations)
compared with the disk electrode (200 stimulations)
or the strip electrode (80 stimulations), which sug-
gests that the three-way bipolar forceps has the
highest signal-to-noise ratio. Thus, this system can
elicit evoked potentials from a limited locus in
approximately one-hird the time required for a
similar function to be achieved by ordinary SEP
from scalp elecirodes dus to the lower common-
mode noise ratio, However, thers are differences in
the electrode distance betwean anode and cathade
between the two systems, resulting in slightly differ-
ent SEP elicitation. Thus, interpretation of the wave
profile requires caution.?”?

Tissue commonly sticks o the tip of the bipolar
forceps due to carbonization of coagulated tssue,
resulting in increased resistance to current flow.
The standards for surgical equipment require the
Ioad resistance for the bipolar cutpauts to be between
10 ohm and 1 kohm,» Therefore, the bipolar surgical
system should allow normal coagulation with 1
kohm resistance between the tips. The specification
of the load resistance of electrical stimulator
(Neuropack) is also 1 kohm. Even with coagulated
tissue attached to the tip of the bipolar forceps at 1
kohm resistance, constant current electrical stimula-
tion will be delivered normally. However, the input
resistance of the amplifier is 200 Mohm. Therefore,
1. kohm contact resistance on the bipolar tips will
scarcely distort (only 1/200001 decrease will occur)
the SEP waveforms., The bipolar system, MALIS
CMC-II System, is used together with a saline
irrigation system. Therefore, both stimulation and
elicitation will not be so much affected by the coagu-
lated tissue except for the carbonized tips which can
no longer coagulate tissue.

Considering the electrical charge effect on the
forceps tipé after each modality, the coagulation
current will not ceuse polarization because of the
characteristics of alternating current. The electrical
stimulations are bipolar, so each tip will act as the
anode or cathode. Such polarization will disappear
through tissue contact resistance (as much as 1
kobm) within a few seconds. Therefore, SEP
measurement after electrical stimulation will not be
affected by the polarization.

The three-way bipolar forceps system has multiple
functions, including hemostasis, coagulation, nerve
stimulation, end elicitation of potentials. Further,
this integrated system is technically easy to operate
and allows functional monitoring of an area that
would otherwise be difficult to perform using con-




[T g

174 Y. Fujite et al.

-ventional methods. Finally, the concomitant nsg of
tha mtxaopamtwe naﬂgatwn system: and the three-
way bipolar system’ enables comparison. of the
anatemical location {from MR images} of the lesion
with the results of the functional mapping, accurate
localization of eloquent brain tissue (perticularly in
white matter), and reduction of tool exchange time
‘and ' surgical labor by reducing the number of
strgical tools required to perform, the procedure.
The correlation between resection rate af glioms
and survival rate” suggests this system will improve
outcome. Further studies are needed to determine
whether use of this system will result in lower
complication rates and improvements in postopera-
tive function in patients undergoing resection of
gliorsa and other brain tumors.
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Commentary

Fujita and colleagues describe a clever adaptation of
the bipolar coagulator such that in addition to its con-
ventional functioning as a hemostatic and manipaiat-
ing tool it may also serve during as @ bipolar stimula-
tor for motor evoked potentials ond as @ recording
electrode for somatosensory evoked potentials during
functional mapping. They have further demonstrated
that integration of these functions into a single instru-
ment achieves a demonstrable efficiency in the
operating room environment. Given the debris my
bipolars always seem to accurmnulate, it is not intuitive
that they would function reliobly in these more
delicate roles, but the authors have shown that they
not only perform satisfactorily but with respect ic
sensitivity perhaps even better.

There may be issues of electrode stability and
consistency both in the motor and sensory paradigins
with respect to which dedicated electrodes may be
advantegeous, perticularly if repetitive testing for
purposes of ongeing monitoring is desired. Such
continuous monitoring of corticospinal tract function-
al integrity is being increasingly recognized to be of
value across o spectrum of tumor and vascular
interventions, and this would be cumbersome at best
using bipelars. It is also doubtful that requiring the
surgeon to hold bipolar electrodes steady and at o
consistent separetion for SSEP recording for even an
abbreviated period would be very popular. Neverthe-
less, only further clinical experience will prove

Neurol Med Chir (Tokyo) 46, April, 2006

whether this integration of functions into one of the

most commonly used instruments is simply feasible or

indeed a useful development. It is likely that for some

applications such an integrated instrument will be
mnuch appreciated.

David W. BoBerTs, M.D.

Dartmouth Medical Schaol

Hanover, New Hampshire, U.S.A.

Functional brain mapping, that Is stimulation of
motor cortex and cortico-spinal tract {with limb EMG
recordings) or of language areas (in awake patients),
as well as recordings of SSEPs around the central
sulcus, has acquired an extensive role in the past ten
years for improving the accuracy of cerebral surgery.
In a number of centers this has become a full part of
the pperaiing room armamentarium. Through this
work, the Tokyo Women’s Medical University team
succeeded in integrating these electrophysiological
techniques to current surgical instrumentation, name-
ly the bipolar coagulotion system.

The experimental studies, and also the preliminary
clinical trials in tumor surgery, have been conducted
rigorously with promising results, No doubt such o
new concept and device will not only save time, but
also, and most importantly, will encourage surgeons
to use intraoperative neurophysiology, routinely, to
improve safety.

Marc P. Sinpov, M.D,, D.Sc.
University of Lyon
Lyon, France
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Information-guided Surgery for Glioma Removal
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The relationship between radical resection of glioma and patient outcomes has been controversial, partly
‘because of selection bias, publication bias, and methodological flaws, particularly in regard to the estimation of the
glioma removal rate, A recent study used volumetric analysis of removal rate to demonstrate that radical removal
resulting in better patient outcomes. However, new removal strategies to maximize removal rate and minimize
complication rates are needed to further improve outcomes. The goal of the present study was to develop an aigo-
rithm for “information-guided surgery”, in which surgeons rely on objective information rather than subjective
experience to determine whether glioma removal is feasible. An operating system {intelligent operating theater)
was developed that detects anatomical, functional, and histological information obtained by intraoperative magnetic
resonance images/navigation, mapping/monitoring data, and data from frozen section, evaluate the validity of the
data, and subsequently integrates the data with update navigation. The present study focused on the benefits and
drawbacks of functional information and introduces illustrative cases of information—guided surgery.
{Received October 3, 2005 ; accepted November 17, 2005)

Key words ' mapping, monitoring, brain tumor, awake craniotomy
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PBREESRTEIY, T2k BRIESS
28, cytoreduction i & 5 AEMr-FHNEE, £HHIOE
FHMBBETHB Y,

Ak DMIEEEGRL 20k £ bic, BREHEHC
o THINHBRMR L -T L 3, fAE, BEfmiem
(astrocytomz ; AC) ThIBIEREEEIRHARIEE (anaplastic
astrocytoma ; AA) b, AR T I RO S,
£ CRREERAMBCH 3 - LR CEIRIF L
W, Linl, AC CELEEZE, AA CHEEGEETY X
VO EHOTEE R R o BRE, EECeBEEDRY
EFRIN RIS, HIBECHHETH HHE
P1H 5, ZREMIAER OMEARIRET 5 M
L7 AAsS w28 b3RR3 FRFr ol
e, H2EEQHM TR EREaiE ik
BLia,

bivbhoERFHE, LEO~O0ERE, @07
e G OMSBMO “SME" °h 3, “SH" i
BHEPEGC, S0, mel, MRS s
EOMPEE) &Ml 3 (Fig 1) #, TEE 532
Ehs, BRATORBRER-OSEEELTWS,
TAAZD S 2 BERTE 2 oMo R L BRI L
WED "B b, BESWAKELRABRICIA 2
Ev ) BENBIOBE X ol —BXROMEH
NROEHHE — I 2§ L W EINRMEHSETH 3,

FLWERBRM E LT, Eic 3 iEoZmy gt
HEACEERBEFMERAEL T3 #ih MR 2F
B v COREFEE, AhERemeik
HPHETFR COMBERD X oBmiols, e
i L SHPEBBIEL5-7 2 LY VB (5-ALA)
kB B EERES 2 A A SRR TS, v
ThHERTCEREOB ISR cH 5.

FRTHR, AEBEOMLRE & TEOSHE & OBER
T SERSURN 21T, WEHREEN oSRRE B~ 5,
Feb ey B IReny ) v I M oBBRiic i
REYTE, Lw) ol BXBROBUEFTIBS B
YA Z LAt L HEREORETH Y, FNSES
MEEH ——REWLRETra), 2h2BELLL
BRBROKEMHAWE —— 3 2 7 D0 2 ER IR
HEBRETHSD, LrL, REHTERE, S
DR L T — S RIBHREL ¢, BT A
Bl tidaie, {6 LCERBSIELYE
Wi A & S IFETFIIC oW TR S, 7L TEBH,
ST OMPHRE R RO R & ESEHR<, 2
B 37D OWEET R 2 AT 5, E FHIENRG
LT, MoBRBELBEES (cloquent area) I EHET

Purpose Surgery
— histological diagnosis biopsy
- only diagnosis :
- for decision of adjuvant therapy ‘| partial removal
~mass reduction 4 _
- symptomatic improvement .} subtotal removal
» treat of life-threatening hermia ;

. total removal
—seizure conirol “sirgeon{gmoss)
—prolongation of survival time CT:’MRHFET

“adjuvant therapy histology

Fig.1 Resection planning for g!iuma surgery

SHEBEBUNOREOHHSISHTCR 3 L Bbis
OTEHL TR ER,,

HEREREHE S PR OEHHE S OBIR

I BENAERPEOLEEEBE & PRNEICHT
S

BAEMRERIE (grade T, IV) jr®\T, LfOMEDEE
& PR L 0Bl 2 RBBESE Y, 90 ERONRSE
7z oD S b, W EFFR (prospective study) #
S8 6 FIAT, BRI T 2B L IRF
WEARICEFER LA L Tk, 3HRTCIREES
ROk, ¥ R HATIC T 3 120 3
XTOMHP TR, R5%ORLTHENOMRS D,
2T5%CHRE L LOWMETH -4, Ths, BRO
BV (controversy) OEFEE L T, B X ELWEs
O hias (WERER OERAEIRI X 3 selection bias
PRESRETTIE I BPHEE S 12T v publication
bias) %, BNEMPERIFEMCRLL L, &
TRFEDOTEMBERENRTwE, F oL EL-KE R
B, SHEOERPMEAEOR:THS, MEOE
BHRLNITEROBRE Rz oT L 524, FAW, 3—
By ADBEARS VL — 7 CTH 5 EORTC (European
Organization for Research and Treatment of Cancer) T,
“total resection” £ S0%EB LI EEB LT, B
FTOEMHLIZRRZ 5. Albert 503, RI—EABRT
EMHTELDLE IE, ARECHR (HM), Wk
CT, #EH MR (72 BRIMA) & k- T8l L%
&, AWHE (SEFAPEREEAOHE) MEhEh
70%, 29%, 17T%ERB{ BE Tkl EERLE.
HMET, #NEOHhHENCAMNTE i & T 5 EMX
EFFIAMTAT 38 BT, MIEEEHE MRI T2 LT L X
EFTOEEERM 6 ATH ok, Tibt, HERE
i OMEFEIC L->T, AL2EHLwoTHTE
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BREZZLETLE. KFED 120 RXOHEHTY,
G BETE O A (total resection DER & RERE) R
B0t 625% bH D, FEODERSBH S 375%D
o b AL RHE O TR TR LT\ B RS 75% T, gk
BT T X 2 FR0 24% (% CT  MRI TORE
i 21%, ERIESHL TOFE3%) 2 RE(LEEST
Ly 531)-

Wiz, FRHRERATE MR CRMET 5 & LTh, ZOi
SREEEOBEESRE L TEREREL, HHEEN
T30 E 5, FEBMEROERINLER
O TEH TR THNIE, Bb EREER 807
ENEH0Esd, EECERTIILRERETHS.
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F4 = PET B EHA2BU T3, 2 F+4 = ED
A kSRR SBT3, PET BSOS TF
HRIF LRI L T\ 3, GBM TS DR PET Bt
S AN L — B L TV IEEH % FOBENH DY,
BtRRoRE TR 5.

FHEEHH MR BB HRoERTHAIL C
FHME L 72 Lacroix 50y 416 5] GBM OFE, 20,
#iHk CT © MR B olE L - AARIE 2 BHIH
B A GBM MO 5 sEFEOMET T2, AIHE 98%
DUESE S, 313 95% DU EHEHNE & SRR iBic [k
BLFBRTLOBRTE»R, £, AAEMAKLH
FREEEEHN 6,308 fIOBHE TS, 2RO F
LT 40%, 95% b LB 22%, ZNBLUT 10~15%
L ERMTE N FIERESEE B, EE b bR
ETFHRICBHE R TS i-ds, SHHICEWEETREET
BRESLLWEOERTH o

@ pREEOLGEREBH o PENBICEATIE
Eo .

HHEE = T8 MG, ‘B SERE (low-grade
glioma) “C% controversial TH 3. “BAE" MHEREE,
Tk L el LT FRREMSRE  BELR D, BED
&b FHEHEYE{, BUEOWESER TRV
Ehigy, 2—0vAQEORTC K X357 » bk low-
grade glioma 288 Bl FHME T, total removal T
SEBBICIOEEENE v & W) R, ABHED
*JETLJ":_SO%BU:%&% total removal EE LTV 5, H
AR EGET O AC O 4,460 FIRE T2, 2HE
B, 95%5L EHEHIBE, 75% LU LRAHEE, S0% L EININE,
HEiETE) 5 EATESRE, FRFN 8%, T5%, 64%, 59%,
549 k% b, 75%DL R L T3 3 BHIRORE & R
LeEEE2 RO, Fr b LEBEL RS, 2602
Pl mmm s 5% EREZAUTOREHRL
HEELHED, DI HSHEICEWRBSTFRCEET
5 LOBETHoN.

SR EREERE kTR D D L5 B AC TH B,
SAEEFERE, HALEMKITD 67%, EOTRG TH
low-grade glioma it 65%% &, oL BEH, Thll
FOBBRESTHS. CBMOATFHOBE (63%) 2
BRAXATHBH, “HEE" LLENB AATYL5F
EIREIL 3% T LRV, L F¥A yanii@as
BWOBES T VWT RS, MERESVIET
BRI EMBRTHEIE, TEFFA LN
B ¢ oS E RS TEREETRRLTWS
TS, UEHICRYEIRELERNBETH 3 FM
ORFRAZTVEZLISNDG, FAAFHICE WS
TELPE, ABREPIMTEATOA FEBNFRLY
b, TADAREO2Y Fo—ASBREREP L)
AELH 3,

B HEEEOSEHE

2T, BRTEFNSVWEREBEEEMHL Tk
twik, RE62~TI% L, BELLDENS S,
D X 3z, 2IHOEROMMGH:, £ AREN
BhoTwineThs, A, SEECERAZ2E
HEVBARSHHER LR, FRATEMNZRIRT
BHEIT selection bias HA S EHEDIS 5. B LED
Fe, SHELEERORER 6~20%RELERS
nEN, SEHETE GEM6.6%, AAG.7%, ACLO% L
EobDThHo i, BEOAETCHHICERPMERT
&3,

386 BESE 15859 20064E5 R




Fig. 2 TInformation-guided surgery for

higher regaction rate+lower complication rata

T

glioma resection
To maximize resection rate and minimize
complication rate, we need varipus kinds of
information, such as, anatomical, functional,
histological, and metsbolic information. Anatomical
information is integrated to functiomal and
histological information by update navigation (arrow,
see Fig.4 and 5. UN:update mavigation).

Metabalic, -
| Enfuraation

Ann:omien! rnl‘omalinn
IMR]. updata navigation

PET [metionine)

/7

/i ““f”w\\

Functional information kas priority over other types
of information (triangle). For example, functional
tissue I tumor shown by mapping and navigation
would be preserved. Metabolic information such as
PET can be fused with MRI (line) and is associated

Functional Histolngical
Information Information
Eomm |
mapping(awaka) frozen sectoln
monitoring(MEP, SEP) B-~ALA

with histology (dotted arrow).

ﬂﬂﬂhﬁmmhw}

f surgical field

Fig.3 Intelligent Operating Theater for mformatxon-gmded surgery
Intelligent Operating Theater gains various kinds of information.

iMRI : intracperative MRI.

AEEREHgc Bl SSRHES

—2, A LR B8 L B A0 & FHEO MR
RAND, Brell 5900 200 PIDPHSTE VI (GBM 40%,
AA 21%, AC23%, Meta17%) 03 5 BIMA O &0
EOWE TR, BESNRRAERE D & HERR
275%TH b, MHMELHREER : FRICHIEL ©
WitDiE, 7v TS, ERBROEE BFENT
H Y, eloquent area 2 X 5 A RRIHHEE & OBIMIZEE S 22
Bofo&vd, Duffan 57, eloquent area @ glioma H§

HEMEEELTYS, KREEE Ty ¥ VR T
L, 30%0E6TEig EANE, 50% DA CELEE
HifT U 7. WS OMERENAPHEERIE 20% & FERICH
BTzb00, 3MAMRKZOS 5O 95%BEHL,
FERIEFE L 7= D 6% TH - 7= L v 5. Eloquent area @
MEEMOEARHY BiS L 15a, —BEkThIER
EEOREECHREERNC Y, EET2EORER
29 Bv ZRIERLTWIFE, REER iR IENE
TEHLELALOND.
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B SIS PHER R ER L MHERE Loy, [
EERICHET 3T AR RE L FI oh D,

HERERUOCHOERBEFI (Fe 2

CT % MR % ¥ ORI ERRE B - ERHT
T EH —i a LRI X 2FNE, EERBHFRNL
Mifh T3, SEBRROMUERBRALL, AUHEE
BMET adicbilbhBSRET 3 H - 2 FRER
i, EEHEMtoE s hMBEFALZFN—
BHFEEN— b 3YW, X Iumimen
L CHMcFMEHE R R L, MhoRiashicTa
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Aoz Sl fEkofiiEgesEic Ly~ a
ok, WREHE LBt Fic ko T, MihRET
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3P b Teb, ThEBOEMMRI o8, T
ZbbHihic MRIRBEL, TOESEFEF LYY —
Sa vIRBHLTEYRIE (update navigation: UN), 38
EOPEWTEY -2 e y® s MR b MR E
e & b BEHET T b LT AR R R B O BRSO
# MR % LT3 2 L dBAoRfNT, MHsEn ki
HRATHS,

B, HEBEFM R, HRMRIE UNKLSE
Higewy (EREER) R, AhEEFNREPBEDON
AR ¥ 518 5 N B RIEIER, Z L TERE
Fic X % AR RUER P 5-ALA - X 3 B ROEHED
Al BN E Bl FRE R REL WS
5 (Fig. 3), #EHIC X D PET ik X AR BHICL
Twd, PET RITATIFECH 54, MRI & O fusion I
fRASHILIXMP MRI 1 & O update L7 & L THIA
TEB.

BEpEEO LIz, Broffesd hERICTSC
L iR D EENCERCE ZARRARERCTAIL,
EORALIUBOHPLREST I LHLETHS.
COWEHAORCR SO, WP MRERKE LS UN
TH3, WA, BEMEC X ABREey Er itk
hEBRGPHLBE (BENHER), zo®uE UN
cERITHE (BHENEELORS), B (8254
GE) BREATHIPIER TR S, $7 UN Lol
HAEHEEERCE SRS (BRHER .,
% OIS ORE TR C I EERBEL T
i EEEREE L ofE) ThiE, fHILEE

DEEREICBRATSH 3.

BEFEFMIC DT HEkMESR

PEERAHA T, BERNERDEECH 5. Intra-
axial [RIECPH 2 EIEME, B L TOEMEEEIEL
T34, EROLEmHS, “EHE" & oR2iRT
prlicih, ABEERTFHTA LD, HEBECRHE
BOBRNREERBEIC RS, £, B ER
AR BRI FE LA fER % 7% (28/413 81) o
L oGNS HE, MERE B CREREERBIT
TEENTETE v,

L7415 T, eloquent area XL dH 5 v 13 M DFEEERNE
Tk, SHETFH O = DRI EIC R 3. RE,
HRAEEIHENE S 2 - D OJEEBRM T E LT, BMER
Bals e ¥ O RS A S 5 OBHE, MR 2 MEG & &
#td% 5. Diffusion tensor imaging % tractgraphy i &4 T
WEREREET 3FETHBY, BERO LS KHERE
RIE R R o7 b ORI LABAIIE, BT
LHALERE S X SRR L 25, —7, BB
Bixs ok LT, MOERENSORERI LOHERT R
b (Wada 72 )P, BHEERTEECSHEETFHORE
O7o—7 i LEBSAMc L AR ENES, ©
NOOHBEALT YO LI LB TEREZTT ) bOWEE
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BIHETHERS,

1 BEMROBEEERT

WHRTFRE 2T ELORGORR I, FHIEOHFE
FAGETIC X 5. Wen, EEEF TR TR T IR
BHRBO=SAM L FEL (Brodmann O 4 &, 456 %)
5 B LIE TR H T, BEAE S g ¢ R
EHFRFREGEHE (1%, 258, 228/, 3759, £
LCHEEOR EE, AE (40 B, 30 %) HHYTS,
WS TN LR EETF RS L ST 5 R
(L) EERECLRR E 25, £, WIEARRND
EELEEETNECEEL TR Y, ToMBEbETS
3, EREROBBICEERS D, poUTTlR3
FETHEEANENERTH 288, H30RENER
vH ZUEERD LT HEEES, BEFRERTME
HLis,

2l BUARRRE
BRI B0 VU PERMIRTH B L b TRABRE
D, BRETRHEFRESEERE I KBbR2,
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L L, BEEC o 58 2 oaE R ROERD 9% 8/
o1 §l) FLEL, I BAEDD 4 FEFAVBERETEo%, b
LR i SR AR T CoR TR RRETO
FRELD, FEAOREE 2 G0 L - AMEENSH o4,
2T, BArEREE I IIIFRBAY MRIDP IV EFR
51 A, HHAEEOIREBE O I FFERE, v v
U iR & B ERERER L OEBICE
W, MRI ISk 2T 14% (7/50 ) CRONHlIZ
s FABHTORE LW TH BN, TbEEN
Hytitdh 575, BEALERAE CEMmTREIC BT 3R
Bk AWBEF AL (Wada 7A L) BBBETH D,
Fo 72 Wada 7 A b 12 & BB BRRE G ERBLETDH
5. BREOEARNE TITERBREIAREL DR
ERFAT, LRTNIEREROBMSET FTHEE
DB S, i, TUELEROBATEENEN
DR TR 2 FEERSH CANSEEE 5. AT
PEELBEL DT, BERRE LN DS
LT ErwBaR, MTBRFECREFRE
2179, ¥oktErBRTr0chudENETE
AR TR, HUHMENDIBERIRE, Bk
MREMHERI NS,

3 BREFRESRDER

BHFAEo-oIcE, BE, BRHBIC 5 Rike
vy By 7AMERLBEOMCAETH S, MRI B8
FERRE R AR RS ELME L, PRY MRl OER
DR TFHELREERECE A, FHEIAZICLD
MR COBERLE, RN TGS 5B D
20% L BEETEY, RRIFRAERIA S Z2EDET
£ 50%DBHUERETELDARTH D™, BEF
MEORFIcIE, QEHRALBEERTEELL
BN, OUR TR NSRBI
BHh, bhbhid, —HNTREVIEEHERED
LAmAEEI LTS, O, +auRED
WL URTORBCHRA S RbIc, &Y aEED
BB, EhEREey EV IRBTTESD
5CHB.

SRR TREREDA T kR FETR, &
BTEMici XL G055, ORMEEHBANR
KEBEEey Ev Y, QEEHHDOMEE BHT)
BEAMIRT & 5 E T v €V, Gt iRigHR
FERTwERE S hOERBE= IV 7 TH 5.
BHEEN T REOEDRAALEESE, ORBERTERT
D2y Cr S OREERE L i Y KFEESTh, Tl
HR@Qr@icn s, AR kb, HREEHNOL

By BV ZRET TS SRECBT T 3 7HERE
BT ENHD, JOBAEOLOETLAEV

mEgET vy - EZSUVY

HWTER X 2 BEHHEICIZ3 c0ElRE2. @
BB EMRc X3 E ey €Y, QEEHLGD
Bas (BET) GSldc t3EATevEYY, @
B RENEE IR TV S Y S b OmERET =
yyvwehs?,

I gy

WERTEF Oy Ev i, HET LA SR
BB RSEN TR RARRBT CRwI LR
e i 5 o L gEikEY bR S
e, ey By /RORBE (ERIHEEFTR
W) EEBRREEOC L0, B (ERAH
RHESEE) RN OALS S A 7 oM H
Wor-dioEehhok Il LItk BT 8%, HIE
PEET BdICiE, O RFREN L 58T
R, v BV SOBRREIRIEE BT off KL, &
hEBIEGIRETT ). BE0RBR[NB ORI,
BIRERGr, WIRESEE, BAROERY A7 & 3 O0OEY
BHh, FEXFLHEISDEERNPERINCTI
LR Th L, LMo TR v Er SR T
32 LDRET, BELRIERRREEESS.

IR AT C i Broca FOABEML MV E T ARG LR
S 1.7 om, PR WIS Liem, ZAFO
ascending ramus & ¥V E 7 ABOX AL o ETIETE
M23cm THoRW, TAEBEE TR, EYR 200
msec, 50Hz D&A-C, EHE, WHESEH, W
FARESEFOMMMEIZ TN B4mA, 53 mA,
123 mA THAREWHN FEY A2 GPRTHRE K
BERHFEORR G YN EEFAEOBRZENE DL -
f‘:m)‘

& 7P, WAURic & b EEELT 5 SEE
EENTwR, 2hbscBiEnE (kY
DREPIORE & O BEMFIET 5) LEEUHEF (K
WFE T3 L HAESIEFET IR TREVEEND
EOEEERTS) Offikih 3. EREFMMEO 2 8
rET L TRETY, mEATHo Be (BRAT
52%), HHEEGLTEs. Ll RIEERHEFLLH
woEh IS (BERET 48%) bb Y, REEEIT
FATEESSAETEC VY (IHEHERS 27
DR S 2 S B R RIS SRR ME R T
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fFo# 3 ACHMERBL, HliFbmEERic—E
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2 AEvyEYIEE=IUIT

BBy ¥ 7L, landmark 53 { FHEREDEDT
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EHBEUEMAIC D X Y EETH S, 2T, BRES
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InleoC{ s, &, 228 ¥y OEBONESHE
T iBERF Y — s v L ERIEREE T
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e CHB, bLERMHEELES, wolt AROEAT
2T 5, FEAUSRoRECEROBRES L,
BELBESIFERCE e L #E L, KT O REF
T3, A, Filcfy7a~—AFavey
Mok BT EEET B Lo BERIEHTHE
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HEHEES “Surgical Infornatics”

HHREFERCREEEROT—F 2RI LR D
P, T ORMTRRERICI, WP L RAEEIC BT
IR ELL, ThbEARERS “Surgical Infomat-
jes” MRETHD. R B HEEREESHREME
MBTHY, RD 5 ZHFIEAREIUT I BESE
o es s, FLAE, FNEBIEC AR MR 25 €
T avidlEThh, —ReHBIECoRERE

"Fig.4 Tiustrative case 1 (see text

éﬁ

3
B,

O fihF— ORERF BRI AT LOON
A bR (TERNE)

FHRICRT T ARSI D, FbhT—FHE
RALRERA P B S oy, Tab bR
Ao b, ERNCHEERSH L, HIERN
EHETHE L, FHOWEEERTIILDDIVE
BETELERCH I a3, HAW,
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ig. 5 l]lustrauv; case 2
(see text p.393)
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