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Tumor veolume

True positive (mL} Faise positive

Case no. (percent match [%)) (L} Dice similarity Manual (mL) Automatic {(mt}
1 54.6 (83) : 17.2 0.79 ' 66.2 71.8
2 6.4 (63) - 0.8 0.74 10.1 72
3 147.4 (71) 3241 0.76 ) 206.7 179.5
4 97.4 (80) 2.7 0.88 122.3 100.1
5 84.7 (73) 16.2 0.78 115.4 100.9
8 14.4 (84) 1.1 0.88 17.1 ) 15.5
7 258.0 (76} 6.1 0.79 38.2 35.1
8 42.5 (81) 3.8 0.86 52.4 46.3

Average (76} 0.80 r? = 0.99

intraoperative MR images was used continuously through-
out the surgery.

The intraoperative MRI was T2 axial imaging (two-
dimensional fast spin-echo; repetition time (TR):

1000 millisecond; echo time (TE): 140 miiliseconds,
number of excitations (NEX): 1; matrix: 256 X 256; field
of view: 230 mm X 230 mm; slice thickness: 1.5 mm;
slice gap: 3 mm) standard in routine clinical practice at
the institution. No contrast agent- was administered in any
of the cases.

The first eight cases were examined with a goal of
postoperative validation to assess the accuracy of auto-
matic segmentation compared with that of manual seg-
mentation. The last seven cases (ie, cases 6-12) in-
volved actual intraoperative image segmentation in the
operative theater.

Intraoperative Segmentation and Volume
Measurement ' ‘
We used the fuzzy connectedness (FC) method to
perform intraoperative brain tumor segmentation. The
FC method (11) was first proposed for application to
medical image segmentation (12), followed by reports
on tumor segmentation in MRI (13-15). We chose the
FC method for the segmentation of brain tumor in in-
traoperative MRIs for the following reasons. First, the
method has proven to be accurate and reliable in brain
tumor segmentation using MRI (13). Second, the role
of the operator with the FC method is limited to the
selection of representative points in the tumor, which
means that the method is suitable for intraoperative
settings. Starting from the selected seed point in the
tissue of interest (ie, tumor), the method calculates the
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affinity of the neighboring voxels by using two criteria:
how close the voxels are spatially and how similar they
are in image intensity. The algori'thm automatically
computes a fuzzy scene (a map of fuzzy connectivity)
in 3D from gray-scale images.

The FC algorithm without competition paradigm re-
quires two parameters: a seed point and a threshold for
the fuzzy scene. An operator sets the seed point in the
region of the tumor by clicking one pixel on the moenitor.
The operator also limits the region to be analyzed by en-
closing the whole tumor in a rectangle and inpuiting the
numbers of the first and last slices. This procedure short-
ens the processing time. A threshold is then set in the
precomputed fuzzy scene.

FC-based software was developed and implemented
on a Linux PC (CPU: Pentium 4, 2.53 GHz; RAM:
1024 MB) using the 3D Slicer software program
(Brigham and Women’s Hospital and Massachusetts
Institute of Technology; Boston, MA). The 3D Slicer is
a surgical simulation and navigation software program
that displays multimodality images three- and two-di-
mensionally (16,17). The 3D Slicer was used in this
study to transfer intraoperative images from the scan-
ner and perform tumor segmentation followed by vol-
ume measurement. The Linux PC was sét up next to
the scanner console in our interventional MRI suite and
was used for segmentation, volume measurement, and
surgical guidance.

Afiter the segmentation, the total number of the voxels
classified to tumor tissue is counted. Multiplying pixel
area and slice gap size to this total number of voxels
yields the volume of the tumor.
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Figure 1. Results of intraoperative tumor segmentation in case 7 performed using T2-weighted magnetic resonance imaging {(MRI) {rep-
etition time (TR): 1000 milliseconds; echo time (TE): 140 milliseconds; number of excitations (NEX): 1; matrix: 256 X 258; field of view:
230 mm ¥ 230 mm: slice thickness: 1.5 mm; slice gap 3 mm). Images were cbtained after dura opening (top row), initial tumor resection
(middle row), and total resection of glioma {Dottom row). Residual tumor of 1.8 mL, or 5.4% of the total tumor volume (35.1 mL) re-
mained unresected. it was removed in the second half of the operation as is shown in T2-weighted MRI in the bottom row.

Validation

Two sets. of analysis were performed to validate the
effectiveness and accuracy of the FC-based segmenta-
tion in intraoperative MRI-guided surgery.

The first set of analysis was an unbiased comparison
of the results of an actual tumor segmentation per-
formed by the expert neurosurgeons who actually per-
formed the cases and those obtained by the automatic
FC-based segmentation, The segmentation results by
the expert neurosurgeon were set as gold standard. The
goodness of the fit between a gold standard and the
results of the automatic segmentation was determined
by using an established measure of segmentation accu-
racy, the dice similarity coefficient (18) and percent
match. .

The second set of analysis was a detailed exarmination
of intensity profiles obtained around the tumor lesion to
determine whether the FC method could be used to en-
hance the tumor tissue and deemphasize the non—tumor
tissue in the fuzzy scene.

'RESULTS

Postoperative Image Analysis

In these patients, a hyperintense lesion was observed in
T2 MR images and a hypointense signal was observed in
TI MR images. Edema was observed in T2 MR images
in four cases (#3, #9, #10, and #11). The volume of the
tumor in the first set of images ranged from 10.@ to
206.7 mL. A comparison of the results of manual seg-
mentation with those of the automatic FC-based segmen-
tation gave an average dice similarity coefficient of 0.80
(Table 2). The average match was 76%, ranging from
63% (#2) 1o 84% (#6). In seven of eight studies, the man-
val segmentation gave a larger volume than the automatic
segmentation,

Clinical Feasibility Study

In all seven patients who underwent iniraoperative
segmentation and volume measurement, the FC-based
segmentation enhanced the residual tumor, which is
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Figure 2. Intraoperative tumor segmentation in T2-weighted magnetic rescnance im-
aging after dura opening (top row), initial tumor resection (middle row), and total resec-
tion of glioma (bottomn row) in case 8. The images in each row are shown in the inferior-
to-superior order. Note that the fuzzy connectedness—based segmentation clearly de-
lineates the tumor and cyst boundary in the first scan {top row). In the second scan
(middle row), 2.6 mL, or 6.2%, of the tumor {(42.1 mL before the resection) was delin-
eated by segmentation. No tumor was observed in the images obtained before dura

¢losure {bottom row).

difficult to observe directly in MRI or hard to correctly
identify by simple thresholding. The tumor volume
measurement also facilitated decision-making during
tumor resection. _

In case 7, segmentation and augmented visualization
of residual tumor was particularly important after the
first step of tumor resection when the physician was
engaged in surgical control, and careful study of im-
ages was difficult, After removing most of the tumor
(33.2 mL, or 94.6%), a residual tumor of 1.9 mL was
delineated by using the proposed segmentation method.
In a second step of tumor resection, the tumor was
completely removed (Fig. 0.

In case 8, as illustrated in Fig. 2, a frontal tumor of
43.7 mL was removed in the first step of the surgery.
However, after T2-weighted MRI scanning, 2.6 mL, or
5.7%, of residual tumor was delinedted by segmenta-
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tion. We then continued the tumor removal toward the
nonresected tissue area and achieved total resection.

An illastrative fuzzy scene from case 8 strongly en-
hanced the site of the tumor over the ventricles; the
tumor tissue is classified to tumor by simple threshold-
ing in original T2 images (Fig 3). However, in the
fuzzy scene, the intensity of the tumor site was more
pronounced than in the neighboring ventricles. The
border between the tumor site and the surrounding non-
tumor tissue in the fuzzy scene also changed more
steeply than in the original gray-scale images.

In all the cases, the scanning time was approxi-
mately 5 minutes for 100 slices, which was followed
by image transfer to the computing workstation. The
image processing took approximately 30 seconds. The
computing time was short enough not to disturb the
operation, ' '
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Figure 3.
resonance imaging (MR} (tep) and fuzzy sclence (bottom) after fuzzy connectivity-
based segmentation. Cornpared with the intensity profiles obtained along the right-left
line {top middle) and the anterior-posterior line {top right) in gray-scale MRI, the profiles
along the right-left line (pottom middie) and the anteroposterior line (bottom right) in
fuzzy scene have more distinct tumor delineation.

The preliminary results of the clinical feasibility and
validation studies have lead us to believe that FC-based
segmentation using intraoperative MRI can be used to
accurately measure residual tumor and facilitates gross-
total resection of glioma. We believe that this method
provides a useful clinical addition to glioma surgery and
treatment options aimed at minimizing the recurrence of
glioma.

An average dice similarity coefficient of 0.80 agrees
with the results obtained in other studies (18) of brain
segmentation in MRI. We found that FC-based seg-
mentation is not as effective as manual segmentation
when the tumor is close to a surrounding nontumor
object/tissue or when the border around the tumor is
biurred because of intervention. This poor image qual-
ity may have negatively affected the FC-based segmen-
tation in clinical settings. This might also be the cause
why average match of 76% obtained in our study was
slightly less than that reported previously ((9), in
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Intensity profiles obtained from original gray-scale T2-weighted magnetic

which brain tumor was segmented by k-nearest neigh-
bor rule and a semisupervised fuzzy c-means method.
A possible solution to overcome these image quality
issue is to perform MRI intensity standardization and
inhomogeneity correction as preprocessing steps. The
former particularly can help improving consistency of
performance from one study to another.

We employed the FC method without competition
paradigm as opposed to competition paradigm. The FC
method without competition can detect only one object
at a time and requires thresholding of the connected-
ness map. The FC method with competition, or relative
FC, may be suitable for intraoperative MRI segmenta-
tion because it does not require thresholding. Relative
FC may also help resolving the issues of incorrect seg-
mentation on fuzzy boundary and incorrect inclusion of
nearby nontumor objects into tumor tissue class.

A paucity of material is available on segmentation
of a tamor in intraoperative MR images (20). To the
anthors’ best knowledge, this is the first attempt to seg-
ment a tumor in series of intraoperative MRI studies.
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Therefore, the engineering significance of our study
lies in the applicability of the developed tool in real
surgical setting in which limited user-software interac-
tion and both speed and robustness of tumor segmenta-
tion in poor MRI quality are crucial. This study was

~ also clinically significant because it provided evidence
that such tool enables quantitative measurement of the
volume of tumor resection and facilitates the resection
of tumors.

In conclusion, the FC tumor segmentation method can
be used for intraoperative tumor segmentation and volume
measurement in MRI-guided glioma surgery using 0.3-T
open magnets. The resuits fead us to conjecture that the
method can provide unbiased resection rate of tumor for
strategic surgical decision-making, and ultimately mini-
mize the amount of residual tumor.
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Abstract. We have developed an operating system that provides several kinds of objective
information for neuroswrgery (intelligent operating theater, IOT). This system mainly detects
anatomical, functional, and histological information obtained by intraoperative magnetic resonance
(MR) images/mavigation, the mapping/monitoring, and frozen section/S-aminolevrin acid (5-ALA),
respectively. The intraoperative information contributed 91% of the resection rate and 13% of the
complication rate in infiltrative glioma cases. To improve the surgical results, we need not only to
improve the quality of each information, but also to integrate the different kinds of information. We
here report the data integration system via the navigation to help the decision making process in the
surgical procedures. © 2004 CARS and Elsevier B.V. All rights reserved.

Keywords: Brain tumor; Glioma; Navigation; Resection; Brain mapping; Biopsy

1. Introduction

Among primary brain tumors glioma is the most frequently occurring disease and its
treatment is difficult. However, recent studies demonstrated correlations between resection
rate and prognosis, showing that surgical resection should be the most effective treatment
for malignant gliomas [1,2]. In order to increase the resection rate, it is of need to
distinguish the glioma boundary and diverse eloquent areas at superior spatial accuracy
based on objective evidences. In this sense intraoperative information-guided aging
(iMRI) has been of great help to remove exclusively the glioma tissue since 1997 [3-35].

We also have developed a system of an opérating theatre (intelligent operating theatre;
IOT) to maximize resection rate and minimize neurological deficit in patients with brain
tumors [6]. In our system, information necessary for the decision making during surgery is

* Corresponding author, Tel.: +81-3335-38111; fax: +81-3526-97438.
© E-mail address: ymuragaki@nij.twmu.ac.jp (Y. Muragaki).
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obtained by intraoperative magnetic resonance (MR) images and updated navigation
(anatomical information), functional mapping and electrophysiological monitoring (func-
tional information) [7], and intraoperative histological examination (histological informa-
tion). The surgical results of the first 46 patients with glioma were 91% of resection rate and
13% of complication rate.

To improve the surgical result, we need not only to improve the quality of information
but also to integrate each data from different modalities. We here report a new system for
the integration of different data using the navigation system that was very useful for the
decision making of the surgeons during resection.

2. Materials and methods

A total of 36 patients who underwent glioma resection in the IOT were identified for the
study of the integration of the anatomical and functional data.

The anatomical data were obtained intraoperatively using an MR scanner (AIRIS-II ™
0.3 T, Hitachi Medical Tokyo, Japan, Fig. 1A) and updated navigation was performed
using the intraoperative MR image (photon radiosurgery navigator™, optical tracking,
Toshiba, Tokyo, Japan, Fig. 1B). The average €rrors of the update navigation were 1.4 mm
(data not shown). '

The functional data were obtained by means of the functional mapping by the electrical
stimulation (0.5—10 mA, 50 Hz, Ojemann’s stimulator, Medtronic, Minneapolis, MN)
under awake craniotomy (Fig. 2A) and/or by the intraoperative monitoring of somatosen-
sory-evoked potential and/or motor-evoked potential (Neuropack™, Nihon Kohden,
Tokyo, Japan; epochXP ™, Miyuki Giken, Tokyo, Japan). If functional tissues such as
motor, speech, or other cognitive function were detected intraoperatively, the updated
navigation system checked whether or not the functional tissue located in the tumor
showing abnormal intensity.

A total of six patients who underwent intraoperative histological study and navigation
during glioblastoma resection in the IOT were identified for the study of the integration of
anatomical and histological data. Histological data were collected by the pathological
diagnosis of the frozen sections and/or tumor-specific chemical illumination by the 5-
aminolevrin acid (5-ALA) [8]. We checked the consistency among the enhanced area of

Fig. 1. Open MRI (A, 0.3 T, AIRISII, Hitachi Medical) and navigator (B, PRS navigator, Toshiba).
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Fig. 2. (A) functional mapping under awake craniotomny. Electrical stimulation by the Ojemann’s stimulator on the -
motor cortex (arrow head; fiducial markers of navigation system). (B) Functional tissue in the tumor. Electrical
stimulation cansed patient’s speech arrest (speech area; red circle, lower column) and update navigation
demonstrated that the location of speech arrest {upper column) was in the tumors (T2-high area}.

intraoperative MRI, the 5-ALA positive region, and the area revealed as tumor by
pathological diagnosis.

3. Results

3.1. Integration of anatomical and functional data

The functional tissue detected by the mapping was difficult to be identified in or out of
the tumor area macroscopically, however, the updated navigation demonstrated whether or
not the functional tissue located in the tumor. Eleven of thirty-six patients (32%) showed
 that functional tissues located in the tumor (Fig. 2B) or the manipulation in the umor
caused the peak decrease in the evoked potentials. No functional tissue was detected in the
turnor in 23 patents (68%).

3.2. Integration of anatomical and histological data

In all six patients, the updated navigation showed that the histological findings
corresponded to the MRI findings. Thus, a lot of tumor cells were detected within the

Fig. 3. (A) Glioblastoma in left temporal lobe (left). Histology in the tamor showed high cell density and
endovascular proliferation, (B) Integration of navigation (anatomical information} and hisitology (histological
information). At the last stage of resection, we stopped resection because navigator based on intraoperative MRI
showed resection area was non-enhanced area (left} and the frozen section (right) showed no obvious tumor tissue.
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enhanced area and few tumor cells out of the enhanced area (Fig. 2). The illumination of
the 5-ALA was very helpful for surgeons to detect the residual tumor, however, the false
positive finding of 5-ALA was obtained in two cases (5-ALA-positive, histology-no tumor
cell) (Fig. 3).

4. Discussions

Tn 1990s, an image-guided surgery such as CT-guided or MRI-guided surgery had been
introduced in the neurosurgical field. However, the image guidance is not sufficient to
achieve precise resection in glioma cases. We proposed the information guidance by
integrating various intraoperative examinations to help the critical surgeon’s decision of
tumor resection at each steps (information-guided surgery [6]).

We here present the usefulness of the integration of various intraoperative data by the
updated navigation. Tt is very difficult to determine whether or not the detected functional
tissue is within the tumor especially in the white matter, which collected tissue for
histology is from an MRI-enhanced area, non-enhanced area, or iso-intensity. Only
updated navigation can show us accurate answers to these critical questions because
classical navigation based on the preoperative MRI has the errors by the brain shift.

5. Conclusion

This system that integrates various intraoperative information could help us to resolve a
dilemma between the maximal resection of tumor and the minimal complication of
surgery.
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astrocytoma (anaplastic astrocytoma, LI T AA)
TMA 76,398 FDIKE T L 2L ®40%,
95% LI B T%22%, FRhLLT10~15% &%

% 7= malignant

HETTNThARE RO,

& < FH A ¥ iz prospective study Dk
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ERI BT BN, PRAEET S~

DT ERRE OB B BETH S5,

“RYE" glioma (low-grade glioma) T & i

ERTFHEBMBLTNI LOMENS M,

controversial T4 5 . "B glioma T3 EH

UL TR RBEMAMELBEL T 52
9, REOWE TS BEEMBLE LB O

i AR TN T L HEL,

-0 y,YDEORTC® 1k 3 F ¥ I Elow
grade glioma 288%) @ F % # 7 T it total
removal AL EEMIT TIIFREEN T N
CORBRZED, ARIESHET U 00 % B Ei W
- % total removal & LTV 5,

H A B S B £ FEHET T O astrocytoma (BT
A} Grade ) 4460 0BT TIZ ISR, 95%
Pl ESRmEE, 75%LI BB, 50% 0 Ll
H,ERBOSFABER S£E) grhith
88%, 75%, 64%, 59%, 54%& %D, 5%
DUERHL T2 3oL gL THE
EERY, TV EIZIBEL-2,6026Tid4

R LS B LR Z N TORE LA
BEERHAELVS,

ZDk> iZ glioma DRMEAY 2 HAMIZIZE
At H B, "B glioma & Xidha L
#H % astrocytoma T8 5 4RI B AL EHE T
% 67% , EOTRG T % low-grade glioma (365 9%
CEPDELASE»ZHYUTOBRBERETH
%. GBM (GradeN) DAF#H#OEX (6.3%)
PRI ENTVWER, "R L XiZhB AA
(Grade ) T&V A3 23% &, EIB LR
BMThE. |

=75, LEED &S ITE&MHNE O AT 5%

WEERNEL T, EBMRE 23 XWb

T cytoreduction DIXIFP 5, F HHMEHRER
BENTHEO UL LABHATHIZI LA
5, YWENIIEDEIMELBHBERTHHF

—339—

mm&%mk%na%iahé,m%ﬂﬁﬁ%
CRESEMTEBDNEFHTHD, Tk

- OWREMES S 5L E T RE L

A%, 720 CBEMNTE B, S
BRI T B A7 04 FEIOIRS BRI
2D, TAPARBEDOIY Pu— LY BRIIE
BEVHHREEH B,

STHRRTENL blaglioma % 2EHE LT
WBRLEWS &, XL 6.2~71% L B &
DWEX S 5. EIRD & 5 IS DESEPTHE
FiE, EBEABRE T3 256TH 3,
FIZSBERICERAIEZ &) R VIBAIT ST
EXRERL, E-BEEMEBERT I
selection bias BABEHRERD D, EREFDE
BB E, ERBLAENOSLIR 6 ~20%
BELEX 653, 2EHKE TIZGBM
6.6%, AA 6.7%, AL0% L ELBDTENWLD
Thotk. BEROFHETHIRErIAEET
&5,

APFEREEERL, BlBEL LT 52010202
glioma lZX§ 34 = A FHBMIE N pBEL 23
Ehd,

II. GliomaF i & BEET
DIEBESI}

ABHEEIIATRNES LT3 -Bici3 sk
B bWl HEE EFMEREILETH 5. b
NONBEROL BRI L > TR ER+ BT
5 “RMBEFH" FEBL T3, fih
MRIL T Y7~ 5 VIZ X3 BEE0EE,
B~y Y/ IRR= s ) 02k s HaEEE
|, MIPIRERET PV ALAIC X 258 nyitep
elAEbY, BREOL VY & BieTHE
TH5.

EDORPIRE & L8 L glioma TI34%12 {7
%#N%%ﬁ%ﬁﬁ?%ﬂ%@%ﬁﬁﬁﬁ?é



HPELCERD SN IR Homs | MER

£1 HMTORETFHOARD

—fR%&HF KETFHOBREL HOEMBTETLS
15mE AL 65 R

ottt EERLEZNETES D
FHEAER DT TICHBR

EGAHES D
P Grade I, I
(iR & E)
BXINEE  Grade, O
Grade IV
(VB4R 1R 1 A8

AL F R BRI E BB

A7 ERGRIEFES MM
BLFIRFHFNEETEE SR & DR
BYIHEE (ZHEF, FEshEF)
(EALFERARSIE R B BRI 1

ML ¥ SRERTREE S0

EOWEEAR (E8%, ANEL)ET)

5. Glioma TIZIEEAICHRENETEL T3
TEEMABEERTOERETHE Y, WET
FRSH AR AT 5 R EETE 5H
BEO—DTHD, RERIEETEEER 5 hT
W37z eloquent FEIK D glioma 18 2R & b 4o Bk
LTw3,

DI BB T MO8 & HEEB<5 5,
EEL M TR A B E IR T 5
FRO—DTHD, E»OBEHNRECEIEE
&k D HEETRHOWBOEENTRI L R
k->TLBZLTh5. flaig, bhbhid
glioma EHCIEMEE TBEICL 37 o © Y
2 HIRIB LT E 2081, HR03A A AR CREEE
TFEHOBENZEROBRERL & 812, Fich
I A E S D= g Y A A
MEnB, &ha s T MEPOEEEAR
Be, EHEHE TR TR ROBSINEE 3,

V. RETFHOHE LAk

1. &8 i

BEFEERICTT. BOAFLER,
KB TFWERERLALRHCEMT 3 70,
B LR OBHELRI DB A0HEL+S

—340—

KEBLTYILENSEZLTHS, BEb
b, BB U TI58L 65T &3
HELTn3, :
NI THEMEEETERIc L2~y PV
EIFOH BSNS54, BEETIEEASRIEL
Ko BEEBBL T L7 1 7Y 8V Ol
fERD RIS TRRICRERT 5 L O, bR
%ﬁ%ﬂﬁ%bfh5.ﬁ%256%%ﬁéﬁ
AR CRATETEROEBhND,
iz, PEFLEOERSTTIZREL TV
LEFTER- VS, T2 ) v &rE[F5 2

EREREL 0, BT LTOE, BEASS

SFHEXETHEMN S EENTH B,
HUTRBNENEET & 2 DR EORE,
A& RL & U B SEEE A ORI

CEIETH5. BAZSELL, BETTLL2H

HIERTELVWALTHS, /-, BHHMSE
FLERUSEF+ERL h TV 2B RE%
(ERER) EERE TR HIGE & 3,

SR TIIEDIDEEHRE & L rereid
BRRICHBETEME LT3, —5BHmE
BEOFMTREMTMEPTE=2 ) Vb L
THATH Y, LHET TREGIZ S HEET)
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®2 RETFEHOSELELAE

g i)

BAEH '?;L/ﬁ,-e T EANg oA RoH
awake craniotomy? ®  W.HE* i TLAg B Abh—Zl Ty ¥ ol B THiE - - EE
i PeHE BEHE R i Mg BiHEL DA TR flihEsy kL
wake-up procedure® WHEE< A2 AR HEE O MEloWEREw 22 B - FEORBEY WEE 3 Tlosstime Y
b ik BOER WEE g —HElR T & ke JEHE % Tlosstime Bt
*WEE | ZOFTREEMERERTOENRESIEL, FREERFETIZS 0, MEEL ~ L3 Stagelz k-

TRE3.

FRHIc k2 —BMMELEICL DL TE S
MAZROBZTLORBREH 5. bhbhidE
HETFEMsRISEALFETHI T L, FEY
FEMIIMEPTE= 4 ) V5 T& 3 2 k%234

B LY OT %N EAB/B TSI LD
BIGE LT3, &H6ER TO modality Z & DR
BRLBERBIC L EbNhB.

RT3 L Grade 1, M A5EHN 31B4
3HEETH S, Grade NAEDLNHBRITIIR
G E UThge, Ml A T HERH
BINIZHEEED B ATREIE IR I L, EE
EHER O TFRENOREHAGEIZR
BRL T valy, 727" Grade VTR MREMHTFT
BLOBWENSY, TEHERO RO/
EFLT%%@E?&&% FEET & BWIBA Y
bB7D, TEVVLETH S,

KR 2SN B A, glioma LA OBISHEE
ELTRBRIRIMEREY > 5. HmEBFICHEE
and, MEEIh5 2L, FHgliosisfEl
WEEI Y PO - NICEETH S Z &I
FBRETIIMBLE 55, ThbERENEE
TAHORMREBEIRT S LT 2 HBEL &V
7z, B gliosisIA # BT 2 HAIERE
MRERERIBELEVWAEDIZIYyEY S - X
ZZ VY TEMBBETHN, W TFlitv3,
2. F &

WETEACRZ>0/E%H 5. BRI

R M IHESR  vol.14 no.12 2004.712.
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THEER (KE - BE) 2EETZ vy Y
ERHOFMFRIC L O MBERIBRE L T
WP ERTIE=F ) VI Th B, BT
BTFEHIAMRTEE L E2EEIRH VLR
T3y ", BE, vy vy, EEE
(F=29 2, EABE &2 0 StagelZsrid,
ZOFIE RS, MERER2IZRT,
BEET F (awake craniotomy) i, il
SRR TREIEREITHT &AL "HET”
(EFEIIZIFBRER 1T o T VR ©F
MEHTT2FETHS (£2). 2P TREE -

O ERALVWISHENPELL, RLA-XITy

VYo7 TE, =: 23— Mg kb
EEbhB M, ﬁﬁTT@ﬁﬁﬁEntb i
% - BEBESKE,

ET TV v ¥V LI OB & SEIER L 7
5 A THREMEE ¥ < L, 2858 L EDO®
MTFMTEEL OEEREREIN TS (&
2}, Ty EVSFTRBTTEhLREE L
THRLZTSTE (EEL), BEv XY
(Laryngeal mask) T THIEL, ZOH%EEL
Tyvy¥y s EZ2) 0203 HE
(wake-up procedure) ¥, ##% L&H T CHRA
LiikE L, ﬁTTﬁ®ﬁ®$m%ﬂvT
W (ZEH2) N BETH D,

ELEIAZ 9 70D EVERTLARTS
AH, PN EZ Y Y IRERY oY VY



CTEMELRSS AL IZ N O MM | BEE

*x3 BETHE7ORI-IV (R L)%

1=1E prapofol fantanyl local anesthesia 2 Mt (BISE= # 1)
AE T2y - Yo
3~4yg/mL 2ug/ke ik
FRELE A  Laryngeal mask A AR propofol 1% * AER2
’ 2~3ug/mL lug/kg/h

&HF 4 VATA
Bl TSN TR A
: ] TR 2 A L R
B/HRBE S R T B AR A T
MET T2
g EiiH A ~d40mL

EilvRata LAl lug/kg itk
e EE] 1~2ug/keg/h (BIS 50~80}
(ESC 2ng/mL} CO B IC R
el ki ANRHRRE > 0.5~ 1ng/kg/h
(ESC ing/mi)
Laryngeal maskk%
HETwyELY BHh=.-—V 0.6 ~ 1.0pg/mL 0.5~1ug/kg/h . FENERIEN)] (BIS >80)
[ 8 (ESC 1lng/mL) (¥ MITEHR) BRSO A
\ propofal & & {Z{OERENC
BRI FIREIDEE & RVRET
(Ezavurd)
FIER ' 2.2~3.0ug/mL 1~2ug/kg/h Eim ' (BIS 40~ 60)
{ESC 1.5~2ng/mL) (F2¥), EERSITIESS) Tk 51X Airway
20~ 30mL Laryngeal mask§fA
FiRT off off
BE
Hichde
RS SE T . — AT 2.0ug/mLD LR Mmahe U7 ¥ iaigs
= Y > o g
EEDRF - =B LOwg/mL®D L7 0.5pg/ kel FEREEE N
BE - B FE S [ . ‘ A R & FT I F W0meiiE

) o g R e B 1

RTERV, T2 REROEESBRERL, BT3B,

SFFFM TOHRE & BEBEIZIT S £ 25 2B REbbNL, YIRFITIEIEEIRD loss
s> LA L, METEMREARICEN  tmeAHBMA L vy EV s - E2g )y
BEMD I, RETHBEIIERT I — &' AET T & % wake-up procedure & FHL 3T
WTHD, LS REERITA L -V s 3. BB TR D AA LR 5
L SEEEROBESEESI LA BN A% TREREALTO S, B EEEE v 2
W45, B propofol 1= & BEHIREEBEE 2 AMATAHMS 554, MBI LD+
U, ERBAFERERIvy CY S EITUM  SICRIE & BRI & 3 TEENETEO THE

| —349—
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BB, Db TUEBEY 22 DT
BRGE L T\ 5.

V. FRErE & AHBHEXR (R 3)

WETEHOBHTRLAT LM, BHC
ERPREL S LTI, Tabb+HauEmL
EROT, vy vs RZAVVIETID
Leh D, BIEAERHTIIEVMER - B TICTF
MEFY, FHECIERIOE RS TOFN
It Bz THB, CORETFHOBRIK
& Bk L 72 0 (2 RIS O R IR ERRER A propofol
(F47VISV®, TANIEIA) ORFL
TCI (Target controlled infusion) % AHEIZ L7
RVF(TALIEIH) OBETH 5.

Z 0 propofol DBADFFEII HERFHDOR
WEMELDOIETHS. HEF - HEOCIV D
O L ANERSECHRE T A D, EEAEETE

Fid $07 & IR RORBETFMOEL

Twa, EETAE AR, NEETERZES
.ﬁg®ﬁmEti§ﬁ%Kléﬁﬁ%E%?é
‘%, %7:, TCIAInfusion X ~ FIz & - TEN
ETrOEEE (fEREDL /2~1/38) T
HihL T3 MAREICERE L, & &I mPBEE
s LCHsT 5 2 TR, HEETFHOM
gk DREIHEITT S I EMARIET o7,

% 7~ BIS (Bispectral index) £ =# — (Aspect
Medical) 12 it % FEEEURT S 5 2 LiT&D
BB RETERTHE=S-THD,
propofol DIF S BHREIIEHIIHATH S,

W 351 5% Stage TORMEIKEDETEZ D
fth % F 32 (TRT.

X7, EEORETFHOMII BV TER
+5513, DREORE - THEOKE, OFE
R, OmmTh, O, AT, ORE
HIETCEDFIHEETH S.

¥ FHEENETH B4, propofol i3 $HiR{EH

—343~
1192 | luidi2 2130538 vol.14 no.12 2004.12.

£ bRk, A BBIRESEE TS 5,

. Fentanyl OBAELHHTH B4, BEIZELDH

MRRERD, vy VIS ORIEESESED
DT, +HLEBHIBETH D, BRI,

RRTES L Ay ¥ Y BEORERERD ST

RSO T Uy 2 & T T 5. BANK
SETERTIC T A4 YA YA T ) Y ERMF
vahd4 vEENT supraorbital nerve (V) %
JBESEN T, zygomatic-temporal nerve ¥
auriculo-temporal nerve ¥ EAHFIERT, greater
and lesser occipital nerves % superior nuchal
ne @7y 275,

BEET% & Sylvian fissure T 5 #° 5 temporal tip
FENDORERE 2B O THERE 21217 5 e
LEhTn3®, HREIT Y ZOBuOBRE
BITEREFRA-BEEERL TS,

FBREOFML B o Bh, RFOHD
BLTOEALHRA B I LNV kY, BIK
A REDICEML, BRIZER Lk R
ITREIT 3, BETREREERTEO 0N
HAY (FPFRAV®, 7RI EIA) 28
AUTRFHEFBEEZB TV,

kiz, WETCRELEETREERILR
2B e FEELETREE S A, XHELL

 RBFEAOBITII2~6%TH 5, BED

FHDL I 2=V a VEBEBRE: &SI
FL, FLv—7 -BHREEDYy T4 VIR
TR RETHAIELLERETH S, £-hH 58
ORI E TS ET, BB B
REREEIIERTS.

M - B S SRR D RV EIR (8~
50%) Thb. BEOARREDIBVRETT
MHOMESEREIC B 21D TR, EROM
FErH4 2 LERREL B AT REEAS S
% . Propofol iR # FTIf =B ICH RN B Z &
B <, BN L THRE ST T 5B, B~



EMERKKRSS h 28 5 ONBE | RKEE

BRI A oot F (FY 500 Tp
5%, RIEIMNARO 5-HT3 HERDOHS ¢ &
WLTWw3, '

FEEDHRARRERDSHSHLIATHS
2, DRTRBEEHAL TR, ZAEHEN
REMICZ22 L2830, MAGTICERLTY
5. bhvbhit 4 SOZHRIEREES & Fu
TWa2, HEICENAELETE S Z L ERE
EEOBAPELFOBRE T IERICERT
55, | :
WHOEEREIM 16 ~18%DRESL
THB. BIovy CYr0REp OB
ERSBETH B (BR).

ROERTARNERESAEIECIHERTH
5, ERICRUZFETRTANETH 3.
$ %45 propofol, fentanyl, BATHEELE %+
KOFERFFIRAR AT 5 B/ N OIPIRINE] & 72
5&IICHEICHRE L, TBRILRERENLE
L&D FRIRE I 170y, SRRt & T
TAH5ILTH5,

BB 9 7OBREOE» TRIFFLUSAOTR
REDN L L EHE T H— t NEETH S,
HEORWEE, DB, EEO»DA&, Bk
RIH LT LR ENERERD s v 1 V18
A, REBUF~CHA, BEIZLBHZL

RETHAT S, bhvbhi, BREORET -

WEFPHINIBAILEBEOFE TR
CD Z2F AL FIZH L T 5.

VI hitkge~ v E - 224U

BEOREMIELRABIIC Y C VSR
T3, FTHRELFORBORERES S — b
REETERL, TAPAEAERETS. #
D%, bAbIIEOjemann MIEEEE (0CS-1,
Radionics) 2T v ¥V D= DES |
WATS. |

—-344~

BRI @AM 28, BFEE L, 0.2ms,
S0Hz T, 20mABITH#ERENE LT3, 27
bipolar TR Y ==V 2 Ltk BEPERF R 40
7= 2R 742 monopolar THIEIT 3.

B REF 2 BRI TIERUBER GEBYIT % ¥t
T LT B BAAET ) KL, B
BT £ OBRMEETIFILER (B Sulnie
REVSEILTE) BT 3, B8 - BREFR
BB T 3 RIEVEEN Ty E VM
REES TH 32, EEFIEESPMLETS
B, L) DEERBIHBI-EVEEELET
SEMNEBFE ENT WD, FALIICKE
ORMEESIR IS (BB ICEE T 3 B0 N,
QORMESHRIS (BRAME T2 L L EEH
BIET 3 RE), OBEEIEEATZ0T,
EROEEFLAETSZ L AUETH B9,

2oIT, MHRLEREBRE LI TIXES
BHO L P TR0 BOBETRALLTLE
SEERTNS, ZhEEHWTEEDITvy
EVICEEEET S0, bhbhidiglE
BETERIZLSvy V3 #ELTIBW,
EEL X, KETFHOY vy ¥V DA TY
BREEE = RET 2184, SETREICWS TR
L RISHRHROMAAbE R HEL T3S,

BRNBIC X 2 BEREDTHMELBRA
5., ETHEEEER (1mA S ORR
12 0.5mA A BERIED - D JmAIRIE L 1mA)
MHIED, AT LT TS (1 ~dmARE).
BAMBRBIMETOBY OB E 53
RELED, BERICED+HLERD S EhkgRE
fRefEiE L T, REMETHESE 5 his
B ORBEIE A EET 3,

A M) 7B Tafter discharge 2 Fx v &
U, S LA It iImminE £ 512519 3
A, —BE»OBUONMETRETH S, L
U after discharge #3#5%< & % partial seizure
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BRE UGS I ASBETH B4, r
VVORBT U SBERTE B BB,
EEIZET 22, 22 CHERLEFHBE®R) VT
AR P Y B FETED, Ty eV
BRHZIKAKEEB L TR NETH B, il
ERNZRES S - 2EMIIEEETHD, X
s D Lo Th oMb UiER R &
D, B after discharge A1 5LV T
HEFIR T & A0,

STRE~Y vy OB MBI 55,
BRI ERBIIEB LR e, F
BB 2REREDEZRATEBERLAEDTS
ZETHEE-_ AV VI TBIENEARTS
3. EREREABEDND, TS -D g
VEETEESHREMEAETH B Z LMD
higa, EHERIRICL 8By Yy S

BTV, BEELHEREOCREETFH LT

5, _

Ojemann il 7" @ — 75 & WD EEIC
YT, RENBTHUERRMABohFCER
P& OEEROEE TEIIMEHITLY v E
YIRS, b UERRRMEE TN, B
fE2—BaEL, BE~ v Y VS XD BEE
REBLHNBETHE, TEEBETIEV Y
TRIBH B4, T DR TR AR
ZHEFNETHS, bhbhEBES ~
IMMATHE~ KV 5 2TF-T0 548, Rk
P 2= 3B A 1T IR & SRR O mER IR & (33E
BIOEW (5mmBE»FILT) 2Li T ¥
=y g VTR TEREANSSZH5TH
5. Bk UCERSRIE T RISPHERTS 2
B Y, FNNCI3IRESA OB FEAER A
NETH B, '

LROFETHhDIIII9TE L DRI
TiZglioma 3945, VEHRIKINENE 7 DR 4643
DOMERTFEH4ZA L 7. Glioma 394, 38

—345—

7 (97%) T2y I MBEiTTE, 5 %5294
(76%) TR T ETE=F ) VI BRET
X7z, Ty ¥V IRETH o7 1 FUBEARIC
FARREE B oD THD, ERHHTH
HAERTF LY, g4 ) VI REETER

Aok BIORRIREERR 65, H5 2,

AR T -8, 5 EBFEMEIET LR
DRI TH o7z,
Z0XSARHEP S, RETFMLETT2
BE, WERIv vy U IRE=2 ) VI BTEE
IR TERMELTHARLYEZ TR» R

FUTE B A,

VI. iE

REEREEBTT 5.
[AE®1 1]

34%%, KM, RWFAED anaplastic astrocy-
toma, fEEEIZThiopsy JEfT#, ¥BAICTHEE
ER. ZARE ST ERTTEIERN T 5 A% LR
128, R—lCEEEN S massHH D (H1
A), Wada test!ZTHEBAPEIRE O Z & THE
TFEHENT, vo VIS EHWPMRIIZES
FEF -V 3 YTIEERYAIZRAEL » 2 EEY

_%%bf.?%@%:ﬂvyﬁébﬁﬁéﬁﬁ

2Lz (”18B).

AR b » R RIEERIE 2 <, BB L2
BT L, RESNKfollowHh TH 5.

[HE# 2]

2788, S, REERIED anaplastic astrocy-
toma. ZZFEIRER LEAE & % IE3EIC mass A
0 (B2 A), BLEHAITY—I0ER
37z, Wada testiz TEBRMEIRE D Z & TR
BETFAli & 7. v v €y ey MRIIZ &
BT KT~ g v THBRMERO EEERS I
LA ERTERY T, SEMAE (TFR, 45,
LF) L AOEEE GBI, fBaeds) 22 =4



FPAELEKSHS h 3 &

;O mE |

B REAEG

E1 347, anaplastic astrocytoma
EANESCEMBREFNTANAELAICSD 3185 (A).
Ya TEBREAICHS P AEEHFRDT, SETZaVUC LAY S FIFLEB LA (B).
R K BHHRICERARIT L, BESKolowF TH 3.

VTR LESSTHE. RETvy v sisk
DERERRTF TFOEIAFER LA (B2 C,
10mA). LYy ARGEHBRMOTHT
i (K2 D, 20mA) LEBERAHRL 27
, T AEELEL A, fiBEMRITE2EER
b, EMBEICER TICREFEEE S 2L
= (K2 B),
T m&@@ﬁﬁ%
BHR L2 R IRRE.

Vil. $HYIC

W T2 "Eloquent area® Glioma T ¥
DERTTREAREMMN B 2" L DISFTHA LY T b
FRRI UL7ZHFETH 39, EiEIZE, ﬁfi%

i3 3 » ACEHRL, K
HEEHR L T3,

—346—

RETEH L3y EL T EMIRMRICEBFESF —

MTHREA & 5 RARIE

* & eloquent area s @ TR FEE L Eb T

7z glioma AHFA & 5 IZeloquent area T/ DA
EIDEXFTEBHE, Ziarea I THo-
ELTOHRMC LD ERLAHESH S &0
BT ERBITE 2 HEEVWR B,

—%, BMEELETH 3R false positive & false
negative A N THFET 5. BERHEAKRIZ L3
bDOLUBETRRD=DDRMEN- LB S D&M
HBN, ENOMNHEETAIILEEZTRITE L
WERT, false bW THBI L EHELE
TEDEVHEN 24T 5 1213, RHET ERORE

_t&% (0 DEEBERYFEIR R MR EIS20YT - 1
FREREEHT A EAMNETHS.

l”iT%Frnp&—b FE3iiei R BEY
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