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EALITBTIE Tk 7228, MRHZNESET L 2
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HETHAH, EAENBL  BETTL 2
HMRTERVWILLTH A, EBFEEREIXAE
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BAETIEIG & LTwiw, BEFEHCATD
BRI MR RE S B TTREME TR D 7% <
g2 s AR O W B TP BRSO RIS PHE
GEER LT\ e\, 7272 grade TV T b IRREDSHE
BT s EORENHY, FEREROAOMH
e EELTHEEREERERE ST 2V
HLHLHT-DEENPLETDH L.

TADA, BREBYIOEREERE LT
SR MAETEY B 5. HEEERICHERIE 2D,
MEEH Bk, B gliosis FHAN Tl A
9y PO—VIZBETHH I LA, HRiETEL
ﬁ%fdﬁ%&&é.?&b%ﬁ%«ﬂ%#é
MR RIRT 5 b X ICHERE R BE L D,
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R BE LRIy EY T - 27T
) U HRLETHY, HETRMEHEVD.

b. 5 =R

FETEHO 200 FEEHDH D, BRMEUT
MesetEE R - BE) RRAET A E VT L
RBHOFMFRIC & D AEEESBEL T
WhERERTAE=F Y VT TH 5. BAAEEIE
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FhFeBRe BET (ERICERERRE
5o TV WIRER) CEM A MAT T2 HETH
B, BEIEITEVIEESLER(AL-
2wy ¥y SR EITTE, TFAN—PMIIE
BuhEEEbhs, EET CORRIRY
g - BREEEIAE N, FITIYEY
7 OISR & FOEER L7 ) X CIRBHEE %
L, SaRE L EDORRTEMT AT
DEERERESNTVE, vy ¥V 7 ETHRE
Tern RS LR 2T HEEED?
g5E < % # (laryngeal mask) T CHEL € O#

wL Ty ¥y s BN VT RIT)FE
(wake—up procedure) ', ##%& L& T CHMA
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HEOEED YR ETH D, BELEAI Y TOD
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Begk e RS LER L, SRMPMTOWE LM
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EANTE FL—Y 7L, HPEERERD
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VERRIE T AR % 1R A A PRSI R A TR
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F A IRE S MEIREIC X AEEAETLEOT
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c. BREES: & BBHEXR

IR OB CR D RF AR, BEIC
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D RACAT A 2 AR R0z, EZ
BIS (bispectral index) & = 7 — (Aspect Medi-
cal) I3k & B I BURAT T A & &2 X ) BHER
BE % M THEFETHAE=F —THVY, propofol
OEEERECEECEHTHS. BRIIBY
2 % stage TORMBHOFHEZOMER2VIC
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XTEBROEBRT FHORBIIBWTEE
L, QBEBEORE - FEORE, QB
B, @ hATEH, @FEY, IBXTF, ©FE
ENETLEDOTFH R ETH A, FTERMNKT
555, propofol IXEERIERAZ b2\ izw,
+ 457 BEFTRE S L ECTH b, fentanyl DFFAH
bAETHBY, BEIZLIVEEIRLZ) <
v ¥ 7 OEEEIMEL 250 T RERDY
WETH . 5B Tid dexmedetomidine A3
PHER O VERERE L LTERET R
~DBEVBEIN TS, BETRREIRE Y
BERE Ay FE VEROREKRED R 7% 6,
EEMEOTT Y 7 2T 5. BEMIZIEE
BERIC TN 4 ¥R 7)) ViR a
h 4 > % BT, supraorbital nerve (V1) 8%
#RESAC, zygomatic—temporal nerve % auric-
ulo-temporal nerve % B HIE T, greater and
lesser occipital nerves % superior nuchal line J&]
SAT7ay 235, FEBED sylvian fissure T
752 & temporal tip BB OEE LB 7 D THE
W M fFINE L ENRTW5Y, JERFIT
bIOBHOBRBETEBYFA B L&
BLTWwS, FERMOPRINE R oGS,
EROWFWYRELTORAERLS I EHFZ WL
DIRFTRRE R B IZBEML, BEICERL 2T
SEATEETIC D BT 5. RETIIERMERE
o lopivacaine (7 F24 ¥® TAMITERD)
AL CRFREREEEZE TV 5.

KICEMET I, RS CTREMEMRILEIC
hAZEEREELRTNERL 2V, HRE,
LB REANDBITIZ2-6% ThHVHFED:
WOYIal—va YERBREL & BITHT
L, FL=7 -BfikEnty 747 %Y
WMICRHET AL HEETHL. b bR
DR * W4T 5 F T BRI LR R
BEIEET 5.

WG o - MR H R B O B E IR (8-50
%) Thb, BEOFHEE EFEET FHO
R DSRBELC 22 B ) T, ZRARORMETT
A s UM dREE X 2 AW B2 D 5. pro-
pofol JLEE 4 T 72 IR D B 2 L 43%

M 72 TR S 34T o T A, B—R-PULA
FZas3 R vRT IO THBED, 5-HT:
EROZRELEMLTVA, EELIE 4K
OHAREBEELRZ AV TV 5%, BFEICHE
NEHEETE S EE, BEBEOREGLEL
BOREFHICEECEFHTHS.

MR DT W AR L 16-18% D 5
ERTHb, BIvy ¥y 70dnERNM
BRIV LETH A (k).

BOEETNE IEENEITESCRIERTS
2%, ERIZRLEFETRTINETH 5.
47 propofol, fentanyl, FFETRELIE Z &K
OEHERDEIE SN, B/ADOIRRIIH & 2
B EHIHEIICERS L, ZBRILRRIRES LR
LWL IRREEZ T, TOWRARIELZ
FHTHILTH A,

FBERY v 7 DOREDOHFT, WEHEUHNADORR
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WL CEREFNERNERP S v 7 a VA,
KERLV—EHEA, SECLAMELERY
TS B, EE LI, ERHOBETIRED
FHENBEETIE, BEOFSILHRECDZ
Bb AR L TW A,

3. WitggE~vEL T - EZHULT

BEOEBMIEONI-BIS, vy Iel
795, STRELZORIORERMEE > —
MNREBETREZL, TAPAEREZRETS.
FDH, FEHE, Ojemann FHEHEERE (0CS-1,
Radionics) # v v v ¥ ¥ 7 D70 O BFHE
2179,

BT 2HM, ERKEEL, 02ms,
50Hz T, 20mAMTZFEAELTWwA. ¥
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BT E R GEB T 2 RS B LRy
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o729 OBERIZEERRE66, JunhA
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ETE O, FEOEHERIC L o TR &
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X 2

WL A FSEE D oligo —astrocytoma.

= 46 BE 2E 4 R0 T2 T WS & 3R (a),
methionine PET T% hot TdH o7z, 72 WADA
F 2 P TEEBMLHIETHD, RERET
B 572D EENEMR A RPN 5 ARBD A AT
(b CHT 72805, FIBRICAT o 72 R Tl

SBIE L OBWTho 2. TR, BE, 3T

BELEDY A7 EBEMEE FRICTo 72 b
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A B L 27712 Wernicke B & #7272 (c D
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BN B THOBEEGEERHLLTE L &
\CESEESRIS T { T2 o 72728, Ojamann OFl
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Lk 25 (e DEAD, ETRTEVPETH
ot FEF—Va yTHERELEZEIAWAD
feE), HEEREE CRER I L 223 (b D ALED
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T2 0L I OfIEEIL 2% TH D (f), iz
HE & A 7 RABFEIR 7 TR LR BREEIETT L,
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PRI TH L EDNRTFL LV T7 b eids
L7z TH A EMITIE, HEREMRL elo-
quent FIE 2 D TR B L BN Twn g
IBHE A2 2412 eloquent BBIBA 2 O &9 2%
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P X D BE R AR RS A VWIBFE XA
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—7, REETH 59 &Y false positive &
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CEVEET, false RIERTHLI L EHREL
BARRD R WHIR 1T 1I21E, RETEROR
e &bz, MoBiErBme sl sen - A
ZWMERPIERET L LAV ETH .

HEETREHZ2ETTACHIROEERS
Lid, MEBPE, FASEEM, BEOWIIT
HbH. EMROFMLELR)ERTFMIBZDL
ZMTH2FHTHY, NBEELFRBERBICLD
) BEBFETHY, TOEHRTEBHFETE
B EDNT SRS ER R SN2 T IER S
wvs, FRBREOM N EBEEEM 2L
TEHEMZy Y FRee=d ) v 73R8
ThY, F—2aL LTHIWEAKRETIC 5%

EHKEREE R

M P eXEEERL, ARPBHHICBT
LEMTFWO—BIEZY, SIHEDD LV
MM IR TRIEFENTH 5.

BRI B0, ERTFEROLIVEZZITT
—PE4E H & AWAKE SURGERY WF9E& A% &
N2z (U RERAREINE  FLFEESR). B
NRED R 7% 6§ IREH E RN E, B
MR LE LR EZRRDH HTTIIRETS
Me7z72& 72w,

HE PHEICH ) WERET FM T HIEE 2
W2 BRI B AR BOR BE R AR AL B SRR A L R
B BETELL, HEXFEHNKECOF+ED
Rz BFE W2 HAENE ARREA S,
¥oORESEA, WARSCESLE, BE O HEkAd, APE
Jedz, REFPMESEAE, AREA—%4, HLlE—RkEic
WA LY. EBET RN ORE 2 HEE
Bo L7, BmmmEs EIREZ%4E, RERKF
B, WA k4L, RHE
Mk, PREHELICENR LTS, ERT RO
FIGFEER S AT AT EZE AT 4 A VL OBEBF 4
REBHBBERRICERCZLET. R0 —35
W, M ROV F — - EEERANRA B S (NEDO) 12 &
% I3, 15 4F BE RE SERCT T SEB L S 3 DB % 505 7.
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Technical Report

Intraoperative Tumor Segmentation and Volume
Measurement in MRI-Guided Glioma Surgery for
Tumor Resection Rate Control'

Nobuhiko Hata, PhD, Yoshihiro Muragaki, MD, PhD, Takashi Inomata, BS, Takashi Maruyama, MD, PhD,
Hiroshi tseki, MD, PhD, Tomokatsu Hori, MD, PhD, Takeyoshi Dohi, MD, PhD

Rationale and Objectives. Gross-total surgery under intraoperative magnetic resonance imaging (MRI) is a promising
method of glioma removal. The purpose of this article is intraoperative measurement of resected tumor volume in MRI-
guided glioma surgery using semiautomatic image segmentation to unbiased resection rate control.

Materials and Methods. A newly developed software program based on a fuzzy connectedness (FC) segmentation algo-
rithm was used to achieve fast and semiautomatic tumor segmentation and tumor volume measurement. The program was
validated by retrospective study of eight glioma cases and then applied to seven glioma cases. All clinical cases under-

went actual MRI-guided surgery using 0.3-T open magnets.

Results. The volume of the tumor before resection.ranged from 10.1 to 206.7 mL. A comparison of the results of
manual segmentation with those of the semiautomatic FC-based segmentation gave an average dice similarity coeffi-
cient of 0.80 and an average match of 76%. Volume measurement combined with a developed software program en-
abled quantita'ti\ve monitoring of tumor removal, which was critical in the near-total resection of glioma in MRI-

guided surgery.

Conclusion. The FC-based tumor segmentation method can be used for intraoperative tumor segmentation and volume
measurement in MRI-guided glioma surgery using 0.3-T open magnets. This method is useful for objective resection rate
monitoring, which may ultimately minimize the amount of residual tumor in glioma surgery.

Key Words. MRI-guided surgery; brain tumor; segmentation; volume measurement.

© AUR, 2005

The recurrence of glioma can be minimized by total or
near-total surgical resection (1,2). Recognizing the im-
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portance of total resection of glioma, researchers have
been trying to use intraoperative imaging to monitor
the extent of tumor resection and ultimately increase
the tumor resection rate in neurosurgery. The use of
intraoperative imaging enables clear definition of the
tumor boundary and observation of the extent of tumor
removal during surgery. This real-time intraoperative
information is critical to decision-making in tumor re-
section, which otherwise has to rely on preoperative
x-ray computed tomography or magnetic resonance im-
aging (MRI) scans that do not reflect the current state
of the cured lesions.

Intraoperative ultrasound is a widely spread and useful
imaging modality for tumor craniotomy. Several studies
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have investigated the effectiveness of intraoperative ultra-
sound in neurosurgical guidance (3,4). Hammoud and col-
leagues reported that intraoperative ultrasound facilitated the
localization of metastases; however, in their study, the tamor
was difficult to define with presurgical radiation therapy in
13 of 34 glioma cases (3). Chacko and colleagues obtained
similar results (4) and found that the tumor was poorly de-
fined in low-grade glioma cases. It should also be noted that
although the use of three-dimensional (3D) ultrasound has
become virtually mandatory in the volumetric observation of
tumor removal, its clinical application is still in development
(5-7). Mobile computed tomography with its intraoperative
imaging capability is another option for guided tumor re-
moval; however, it has not enjoyed widespread application
because of the problem of patient and physician exposure to
radiation (8).

Gross-total surgery under intraoperative MRI is a
promising method of glioma removal. Following the sem-
inal work of Black and colleagues to use open-configura-
tion MRI for guiding craniotomy (9), Schneider and co-
workers investigated the effectivencss of- MRI-guidance
for gross-total resection of glioma and reported an suc-
cessful average tumor removal rate of 95.7% (10). In
their study, total resection of the tumor was possible in 6
of the 12 cases. However, they also warned that the
amount.- of residual tumor could be higher (5.5-15.5%)
when the tumor is located close to eloquent areas. In all
cases they investigated, the measurement of the tumor
volume was an important tool for quantifying the amount
of tumor resection, yet no description was given to clarify
whether their measurement tool was feasible for intraop-
erative use (10).

The aim of this study was to develop a system of
image processing tools for segmenting intraoperative
volumetric images and measure the tumor volume dur-
ing MRI-guided glioma surgery. Such tools can poten-
tially enhance the location of residual tumor in MRI,
facilitate tumor resection, and provide objective estima-
tion of the extent of resection for more precise surgical
control. The proposed method is based on a combina-
tion of algorithms that enable unbiased, accurate, and
reliable measurement of tumor volume in intraoperative
MRI. This method also satisfies the time requirements
for intraoperative use. The accuracy of the proposed
method of image segmentation was evaluated and com-
pared with that of manual segmentation performed by
an expert surgeon. The clinical usability of the method
was assessed in five intraoperative applications.

- Table 1
Patient Data
Case no. Age Sex Grade Lesion Eloquent

1 66 F 1 RtF Vp
2 33 F 3 LtF Broca
3 34 F 2 RtF  CorpusCal
4 32 F 2 RtT Vp
5 32 F 3 RtP CSTp
6 48 F 2 RTF —
7 37 M 3 Lt P  Sensory area
8 34 M 3 RtF —
9 55 F 3 RtT —

10 16 M 2 LtT  Memory

1 34 F 3 Lt F Speech (Broca)

12 39 F 2 Lt Insula Speech (Broca)

Total/Average 38 F9; M3

F, female; M, male; Rt, right; L1, left; F, frontal; T, temporal
lobe; P, parietal lobe; V, visual; p, pathway; GorpusGCal, corpus
callosum; CST, cortico-spinal tract.

MATERIALS AND METHODS

Patient Selection

Table 1 summarizes the list of cases discussed in this
study. Twelve patients (nine women, three men; mean age
38 years) were diagnosed with glioma by using preopera-
tive 1.5-T MRI. The following histologic diagnoses were
obtained using the World Health Organization classifica-
tion: one Grade 1, five Grade 2, and six Grade 3.

The internal review board of the hospital approved the
intraoperative MRI-guided surgery and subsequent analy-
sis by image processing, as well as the procedure for ob-
taining patient consent. The nature of the procedure was
discussed with the patients, and informed consent was
obtained following the internal review board guidelines.

Imaging Sequence

All patients underwent MRI-guided craniotomy in a
0.3-T open MRI scanner (AIRIS II TM, Hitachi Medical
Co., Tokyo, Japan). The scanner provides intraoperative
MRISs in the bore and makes it possible to slide the opera-
tive bed into an off-five Gauss-line area where the sur-
gery is performed. Images were taken three times during
the surgery: before the resection of the tumor (after crani-
otomy and dura opening); in the middle of the surgery
when the majority of the tumor was thought to have been
removed; and before dura closure after the resection of
the tumor. Stereotactic navigation based on most recent
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