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Abstract

Recent advances in brain tumor surgery, both in terms of peripheral equipment and the procedure itself,
have made it possible to safely perform surgeries that were difficult in the past. By creating 3D fusion images
in advance, highly accurate surgical planning has become possible. In addition, electrophysiological moni-
toring, awake surgery, and photodynamic diagnosis during surgery have enabled safe and aggressive extrac-
tions. In addition, microsurgery, which has been the cornerstone of neurosurgery, has reached a turning point
with the introduction of the exoscope. The latest modalities and brain tumor surgery at our hospital will be

presented.

Key Words: Brain tumor, 3D fusion image, Electrophysiological monitoring, Photodynamic diagnosis,

Exoscope.

AFI54ET A5 HZAr  AM54E7 H 12 HA2 8

RS INTTR T 602-8566 HUERTH b it X T S I /N b VAR T 465 T
ichita@koto.kpu-m.ac.jp

doi:10.32206/jkpum.132.08.539

BFEREE  132(8), 539~547, 2023.



540 CO | VI TR NI B /6

i U & (&

MBS O T4l T, RiREE =D 572901248)
FRatip 2 Jn K3 % 2 & &R 22 SRk 5
RREEDY A7 OMICPEERWWZTE. 7Y
F—=IZBWTIIIES VI BR O #PH & 3B
MERH DI EIRENTEDY, HEOMEEKE
WLDIT8% L LA L 72U ClE FRIFIER X
n, 80%LL, 0%V L, 4Axfii & Uk A
KREL LB S TPHROERNFFTE S .
HERE OB EI B & TR OMBIZ D W T,
Simpson 738 & H W 72 Y BR O R E 56 & A
FTHIENELASHONT WS, BTk
ZHIEL, Wt E CEX ARV RAL, Mitko
BEAEZR ek 5N 5.

BLETEIMALREY Y T4 2L LT,
FEON EE ZEMOMRZ R > T b, i
M OGN L > TREMZFM S I 2L —
TaryauagE &y, FEMZ FEIHAL TS
N5 LX) o7z 1990FE RSNz F
Cr—3 gy AT A0, TS FAMTICL Al
MENRTEBY, BTV VEBIZEE 52
N 75 7 4 — X positron emission tomography
(PET) “5FSREMIE % @l d L 72 WS E T4 13
VHE > TWh, BRAEMENE=FY) V7
DA BREIED PRI B W T EE R XE %
R2LTwb. BEORAEIS LT, AREEE
#H5EBAL (Somato-sensory evoked potential :
SEP), E##5HENM (Motor evoked potential :
MEP), #HE#H3EEAM (Visual evoked potential :
VEP) WS (ABR : auditory brain-
stem response) 7 KOEFALHMENE=F Y
PP I NS, JEBNC & o TIZFEMmOHRE
FERDE=S ) 7w E T HEME T TN %
119 . FHII2#R2 W (Photodynamic diagno-
sis : PDD) (ZNEBUIBRFEZ ) 1 3¢5 72012
WHND, F MDD D AMRSENE A X
M, T O HBHEEAT LAY MR & % BB
GREMPBERENDE L) otz Hr TS
DT AZOWTHEHL, EFZIRRT 5.

TUMFE R 132(8), 2023.

1. i A7 B & 8

EHHERAM IS L CESRLTBY, CT
RMRIZH Z < DEfgd: - =7 Y ABER L
Tw. CT - MRI - MAF#5 % EMHid D 5
BONIEEOREIIB K TH H. Wiy
PR3 25 OREHRRER 2 Kot g & L, 3
RICOTEECE B ORES) THAERL L P75t 2
ERLC&7z. L2 LAds, ZOHFETET
MIETI O A, FFICTFRRERIC X 2 205K &
X bl w) MENRD L. HHE, Tiliowse
P - IEREEASRO SN B, B R TEHRE
WMAEL, 3KITHEE LCiHbd 2 A0 Th
NDHEHICHhoTELY, 198040 L 0 &
HMig % 3K 2 AF Th Y, 1990 4E1%
WHEIZAE T T FAMEHINC R 3 2 s S h
TwW59 LaLl, Y7 h7o7E—BEbshT
BHT, WMEDOHILEEN T 272D DRAIZE
RHZZEL, HROEGEZMAGDESL Z LI
WEETH o7z, Fi2, W% bT— 5 OFGE
?51&75‘0 7-.

TAEDERMGEEMOMESE I v 2 -5 —
WFH A OBl e AR X ), S 2 g %
BHHIgETREE e o7z, V7 b2 T HIH
fLE3N7-Z & TIRTAMATEEIERTE 2 &
IR, BHICER LTV,

YRECIIIHADERI T — 27 AT —Ya v
T& 5 SYNAPSE VINCENT® (FUJIFILM) B
X U Ziostation® (Ziosoft) 2SEAENTHY,
INHEHAVTIRITAETEZER L T 5.
AR L IRAT (2 BT, BRI IS 2 TR S
THDAKRTH L, BEHFHERP MR, F
MFR R EOMBEHREL, 0 XD BhEED
VENE T4 =Ny 7§52 LT, XA
BEGEEREAT) 2L TEL?. TS DWE
TEAT IS 2 AR 2 e & U, 247 T
IZH5-LTwa.

2. ERAEBRENE=2VY

SEP &, ARMHREDTB A TRt R 22T,
WRIB AR 2 5 BUR & 5 ) KB B GE B ~$e
THERBGEE WL T 5. IEHPiRED 5\



Multimodality F§A¥; o 1o i 355 i 541

AT A O B AR & B ENEICH W
i, BB 1d A WIIEERMED OEREMN T
RLERT A MNIESE S JOEBY L6 ICAEAET B
LA iE, EERiER X ORERRE L AT S
729 SEP THULE D E 2479 ¥, IEH#Efl]
W X BRI A S 0B TIE, N201X
L D b CRER S, UL D T
TIEP20 & 72 Y AR D 5 2 &5 5, N20
& P20 DFLER S N B BRI & H O O fLiE &)
ETHIENTESL., MEPILEB O % &
S LA OB 2 Bomses 2 LT
FHRINLEMT, FHniAE -2 - %
FHELT, WD 5 VIEHERKICIE S
LEMEHTH . EERERALHEEL DO
129572012, MEP%179) 2 &%\, VEPIX
LED ¥+t / v J v 7 & 7Pz &,
MR 5 AT L 72 BAHpRe, R, #E&,
HHAIRBRAR, HRGR, SRR B Y
TRUETR A DLk T S WAL CTH 5. FHZNNGENE 7
ED v B bR R W R A 2 & B
FAR RO B3 ST 5 D i 55 R0 ARG - LR T 3 %
DIEB BT, T O BIHERE R E % )5
L72DICVEPA WS A, ABRIZ, &%
52 LTl AR LSRN AR T RICE
DHUERARER B X O ISR L 725 1258 4R
LB AR 2583 5 b DT, BEARELE <
B e CE S 5.

3. RETF Mt

SIEEEIC OV T, BAAMENE=SY
YT RATETH D720, S ibhEneEy s JE
BB S 2 A, M SRR RRIRAE 2 HERR T 5
WSE SNFME— DD HEBE T FMcH 5. F
R R AR L €, BHUERNCEA SN2y
BRI O B & R S, KN E % AU
LoD, HlH L 7w bkng 2 fEsE L 2= 23 5 8Y)
BUIBRHEIPA 2 Pee 3 5. BURC R IENRR, &
BRER2EDY A7 EAHKFEELITVRNS, i
WzAT9H 2%, WRTOMAED S FMICEDL T TH
SRR 2 0] LBRE O BUYR L ) 245 B 5
BB, —KIEBYETF T RE O fE SR ICKE L C,
BEAEHFNE=5) ¥ FOREEILEL T

DHAIIE, R TFMSLETH L0 L) H»
ZERPDINSE O, MEPIZZELDRA SN W
D IEEAE & L CRBER 2 RR %2 & 72 L 7245 4
(RatE) R MEPASHZE L7212 b Bb & 3R
U eho 2wl (k) omtGdbiaoh
5ZEhD, BATEBREMEYE=SF) V7
EHBT PR ZETAZ DL, HETT
WDHTA FF 4 H Awake surgery =53 & 0 3¢
HEhTwaw,

4. KARRFFRIZUHT

7)) F =<3, P EGTROYUEIZD
BNHT RSN TBY, fHEZ N LT
B72DICHIB O A TS ) T 4 BEH SN T
Wb, ZO—DNHIIFIZE D 5. K
WONLESERERICBIT BRIV T 1) ¥ O
BRWE T d B 5-ALA Z AN BE IR G5 5. 5
ALABARICEEERZE T2 R#BY O
Protoporphyrin IX (PpIX) 2SHEHHMIILICERL S
TUEHE %2 9 17 5. PpIX Dtk £ 13 410nm 12
WKRDpeak 3% 0, JEGHINELIL5-ALA D G- &
NTIRBZICEIDE T CRBO %2 5 LG
B, AL 6BMRBRICEFOE -2 EFWE S, 5
ALA ZEELEIRMES T VW SR LAY
F—<HREASHETREE 2D, fMHEON I
HE53 5,

5. 91{i8& (exoscope)

Jish g AR RE Tl o EdilE S F MR
(microscope) TH Y, RIFTIF1970 4K I2E
WLRE MR R CE 2 HE, SIS
BAIN, BEREL TR PHRONS AL Y7
PEBBFIREIEETE/ZL TV,

PR DOBEMFI T, WEB LT ERL
Y X% ERA, TR OBLEH NG U TR
BOFERZzHNLTE. $4abb, BICARH
RGBEEROONDL I EIIRY), ERHOTF
MTIEHEROBMIE . T2, KRE LKL
HIL72DWHEDT —F 2 7 A= ZHHIR &S
NEOLMETH L. BHEICE-TH, WM
OB AEEZIS U TR Z b RIZ R 5T, A
WO WAL Z RV OND 2 LD 5.

TR KRS 132(8), 2023.



542 A | T NI 33

RS E W72 T, PWHEE (endoscope)
ERILEIICE=ZS =% R TITHINY KT v 7
=TI —Thsb. WHIZERDE=Y —%
W72 FTHY, HEROBEMEETH TILBIZ
e 7 AN E BB ZEETE L 2 &8
WKRKOFHTH 5. NS LgEMEY BAEICE T
LR XS TRMOAHEDSHEBEISHL, L%
OHFIN % % % 2 & THH OBAIAAKIFIZE
W 5. T, HEfEMIFOMIIToRANR—
ARMRTELI NS, FEF—Ta vRE
=5 ¥ 7 EFRMRSR OBIEE A g A Y
(X1).

DX BREHREEIZE > TORMEIZERIC
EoTHHERTH S, W DL % ek
L 72 ks e ARAL AR E O W BEVEAME L 72 ), KW
[ O MEP 7 LB 5RO S LT EF O ERIT A
535 A) Y PHPREVENVZ B,

AHREED b 5 — DO DR BUIE R R ALE =
y—Thb. HHRGEZEET LI EICLD,
TRV B LR ME & UESEOH 5 3D
Mg a B 52 EAMHEE b, CTHIEETF

ERiR FMER Y v 7~OFMEHEE Y — VI
bRDHILERLTWVDY,

—HT, WMEEORH 2 G2 T72D11E v <
ONPEETRERA Y MBS, F$Idhand-
eye coordination D TH%. ~Nv N7 v 7
=22 —=ThHY, WHOEMI R &AM
MHMZRNTWEZ EChD, Thbb, T
OFMEEMETHIED [T 2EL 5. #
BEHE oKD [$h] CFE2BHESEL
VERDPLETH Y, BMETFM T2 TE2
METIHENRIEILETH A H .

EZS—DLAT Y MRYFOMEIZHER
FETL. MEETHCTHEIR 200 MT0
BIEOLOHLETHAL. it —DE=S —
BRI YA, FOBMELBEICHRED
[l 29T 5. 2FY, Likdhand-eye
coordination By Fi2 & o THRIEE R 5720
VTEZY —RTH T2 EOTRPLETH
5. BB % i T 296, HHEOE
CBWVIERD» SO 5, B b F ClEBmMET
MWD FEZH6NE L HICEMLTHEL, &L

ORBEYE" (Olympus) % W 72AMUEFMOMT. BHEOE VWIS 28 (%) %
AVZzAy F7y 7H—Yv ) — (A). FEF—Y a3 VB —LHASICHATE S
(&), BHREAEETLILICLD, BF4KE=%— () TFHEIIVWL 4
A5 L W Ul &0 dh 2 SDME 2 MET 2 2 LW ikL 2% (B).

TUFEERRE  132(8), 2023.



Multimodality F§A¥; o 1o i 355 i 543

OREDHMEEZONS.

fiE il

50 X2 C A OB L B2 12 T & 72 R IBIE o i
BlZIERT 5. GFOLREMELY EFRIEEZ
Zi L, WEANPHSL N Lol HERXEW T,
G R OAERRE & RS L2 72 L Twik.
HTWETEOMA L L 22 7.

AREGI T, BEEHIEE LR O H A5 12
AL, ZOE BT ET T2 5 — KEH) B
(FLLHETED 122 THIEL T B, B I3ES)
HOTFOHE, VbW hand knob Z i 52> 5

FEHEL TR RETH L. T2, MinEHRET
W KB E IR O B2 B ¥ T 3 % precentral artery
PR L TBY F 2 REBME L 2>T05.
i 55 1 0 B B b IR IR T~ AL B R 2%
s, MikEE2EETH 5. MEHED
7 =% MRIO 7 — % % L 3 KOCHELE (%
ZEL T, FIESANAT S KA M &
P& OB EME L 72, CTVenography (CTV)
OWE{EEENRDL & EE O EIRIEIEEL 72
precentral vein Tdh % Z E B30 b, EHIZ,
oM x BRCHEEZZERTE2 L) 10T
%L, FREEPOHTENZIRE L CB Yo%

AT O MRL & ORI R, 3RTTAGMIE 2R 3. MRUCHES IO (k) |7 OB EFALE L

Twb (A MRIT2@# Mm%, B @ MRIGdi&i

Wifg). I Tld precentral artery (KE1) A5F7:2%

KARME T, FIWNTEHER (R 2HHESNTws (C). 3DRGIS CIEE & S22 M O B 1R
ZiERA L (D), WiFE OMEMRD S BCEHIRE T ORNHEIREMESVE L TW 2005095 (B).

TR R 132(8), 2023.



544 CO | VI TR NI B /6

1M 4% T 5 precentral artery &Ik T @ B i
WIZWELTW5., FIFORETEOAL X - %
DL B L, MR 2RDOKCEIRAES> TV
D5, FTHOEEMR L7221, TNk
% 45} C precentral artery Z MEWF L, #hkckkne
KT AMEWF 2R L CUIkc & g, o
WS35 £2605 (M2).

JEBH T O MR E 2 1A L 2D e KR O Hi
ZHIET &, BEAOWAMEER T, ik
JERPHE L W L 2R T - DEETF
MrEAFo72 (M3).

Tl ) OB TERE 2 ATV, LT &
DU THEEA~O T 72 % 521145 Td % precentral
artery * % L7z, P EEZ SN L HNED
MK AR A E L, IEPaEiliz 179
LR & @D T N20 & P20 O AH 3 5 A5
A, Pk EEE L. CoBRBTEEE
B X, precentral artery o Ifil i S ficl 48 3 A%
BREFICRATO RV L 2R T H72012,
TR A & 72 Bt B C temporary clip &
FA T —REIIZ T % 555 T8 L 72, R o

-
-
-
“
-

EARHENREREREED AN Do 72720
C DI IIER T X 5 LHIW L2 o
BT H DRI 2 N 4 R— T — RO ke
& T 4-6mA DIREE TR T 2 LR ICHFE M L7z
NEBEFR AL CTIZEEIR O WM S AR L 72, [
FelICH R LB SR T 5 &, BEHRTFOREES
AR L 72720, BT CoMBiigiEoE =5
VY ZIEANRETH D LWL, SHMERC X
D222 CMEPE= %1 ¥ 7 FIZW Mg %
952 & & L7, Precentral artery % B4
CIWr BRI, Al B L BRI BH 2 2 C R
WA % F5MH L7z, MABIRE LE L <
Wiz 5o MiiEa v Fa— VIRET
oz, RAHULHETIEN AR 5 IEEE 0 105k
%, HEBEWEEE Z H 7255 piece by
piece IZHMH 2 D72, BHNMOHE % 4mA T
HIBT % &4 LI OFIGH % B 72720, [FES
PR LORESF X REZR B Y Hl 5 12 D72, 5-ALA
(2 X B HEOUR T T I 0 o B B R I TS
— BRI DR & R 7Y, Tl o
W OE=% 1) ¥ 7 A S 1k &

HTFMHOE=Y -0kt EREEROBEZzE=y) 7 L2D (A),
2 B R TR L Twb (B,O). FEF—va YL TwA (D).

TUMFE R 132(8), 2023.



Multimodality IR, o ik 355 b 545

X4
FRFOWIEE L O, MikOMRIZ/RT. 3KITCAAEIEOM ) KB E IR 2 AR BEE 2 8-> CB by, E
FHEMIZDHFG LT 2RI O Ui 5 (KEH). SEP 247> THUGE (%) ZRE LA (A).
FRERIC 7 ) v T CHABINR (RFD) %R L, MREROMIAL VI L 2HEPDThOYRILA (B). &
PRSI X A MEP 2479 2 & T, ARSIV E25%bH» 5 (C). PDD %247\, WREEE AL (D).
Rt 2 HAF Lo ol KRt 2475 72 (B). M MRITIZ ORISR L7220 2% Liiadfii L7z (F).

TUFEERRE  132(8), 2023.



546 &

L2 T L2 (4).

HELTRELZ, MRl ) EBIERIET,
Bz e MEEIRO MBLIZ M2 - 72, G EEoA
ERPIIHH OB TYE L. FTEUREE &
DELMHATE S LI ho7, FRAES ISR
Wi E T o7,

5 b W (I
WS T B 2 W72 ES ) T 41200

X

1) Sanai N, Polley MY, McDermott MW, Parsa AT,
Berger MS. An extent of resection threshold for newly
diagnosed glioblastomas. J Neurosurg. 115: 3-8, 2011.

2) Simpson D. The recurrence of intracranial menin-
giomas after surgical treatment. J Neurol Neurosurg
Psychiatry. 20: 22-39, 1957.

3) OyaS, Kawai K, Nakatomi H, Saito N. Significance of
Simpson grading system in modern meningioma
surgery: integration of the grade with MIB-1 labeling
index as a key to predict the recurrence of WHO Grade
I meningiomas: Clinical article. ] Neurosurg JNS. 117:
121-128, 2012.

4) Saito N, Kin T, Oyama H, Yoshino M, Nakagawa D,
Shojima M, et al
Cerebrovascular Disease With Multimodal Fusion 3-

Surgical Simulation of

Dimensional Computer Graphics. Neurosurgery. 60: 24-
29, 2013.

5) Levin DN, Hu XP, Tan KK, Galhotra S. Surface of the
brain: three-dimensional MR images created with vol-
ume rendering. Radiology. 171: 277-280, 1989.

6) Hu X, Tan KK, Levin DN, Galhotra S, Mullan JF,
Hekmatpanah J, et al. Three-dimensional magnetic res-
onance images of the brain: application to neurosurgi-
cal planning. J Neurosurg. 72: 433-440, 1990.

7) 4 K—, /il s, AR IR, S GERE, Ak A
SKRICRLAMIEE I 2L —Y 3y () 211k
@ Operation Suite) . Fi##ESVE 2 v —F v, 20: 238-
246, 2011.

&) Rl #—, AT e WaEIFFR D720
OMIFE=41) 77 bT A, HE: RFERE ; 2003

9) R R, AE 2, AT 7 ALl B, JIHR . Glioma

TUMFE R 132(8), 2023.

VNI ES/S

THERL 21TV, EBORER & RISl L7z. R
TERUR N I HES b % <, 25 R HENE
FNTVE. FILVARZIY AhoD, Th
ITOHMETIv a7y S THIET, &
ETIYRWEREIT) TR D LEZT
w5,

P79~ S AR R SCIRTE 1 70 .

7y

MBI BMHE=5) v 7. WAEAR Y ¥ —F
V. 28:705-714, 2019.

10) Magill ST, Han SJ, Li J, Berger MS. Resection of pri-
mary motor cortex tumors: feasibility and surgical out-
comes. Journal of Neurosurgery JNS. 129: 961-972,
2018.

11) HA Awake Surgery#%x fth. BB FFMAA ¥
T4 VR RS ; 2013,

12) Stummer W, Pichlmeier U, Meinel T, Wiestler OD,
Zanella F, Reulen HJ. Fluorescence-guided surgery
with 5-aminolevulinic acid for resection of malignant
glioma: a randomised controlled multicentre phase III
trial. Lancet Oncol. 7: 392-401, 2006.

13) Gandhi S, Tayebi Meybodi A, Belykh E, Cavallo C,
Zhao X, Syed MP, et al. Survival Outcomes Among
Patients With High-Grade Glioma Treated With 5-
Aminolevulinic Acid-Guided Surgery: A Systematic
Review and Meta-Analysis. Front Oncol. 9: 620, 2019.

14) Montemurro N, Scerrati A, Ricciardi L, Trevisi G. The
Exoscope in Neurosurgery: An Overview of the
Current Literature of Intraoperative Use in Brain and
Spine Surgery. J Clin Med. 11, 2021.

15) Calloni T, Roumy LG, Cinalli MA, Rocca A, Held A,
Trezza A, et al. Exoscope as a Teaching Tool: A
Narrative Review of the Literature. Front Surg. 9:
878293, 2022.

16) Rosler J, Georgiev S, Roethe AL, Chakkalakal D,
Acker G, Dengler NF, et al. Clinical implementation of
a 3D4K-exoscope (Orbeye) in microneurosurgery.
Neurosurg Rev. 45: 627-635, 2022.



Multimodality ¢ o> i I 55 T4

— EEIO7 14—

547

#ill Wik Ichita Taniyama
FTIE - W o RCERHE LR R R R B R AT JE R e bR R T AR AL R Bl

W ME 20064 3 A HIRERFRFEATEES
20064F 4 H SURRASSLG-H ok BRTHE R
20084F 4 71 RURRHS LR RS P msle e b B g R
20094F 1 71 A dAbRbe by EE
20094F 4 H AL Hike B e g i
20114F 4 H SURRHSSEBERERS: iy Rt B
2012410 A [EISLARBEREME B IE R £ > 7 —  IhitiiEs bR R I
20194 4 A ESLARBERMESEEER L v ¥ —  ESMHE R
20224F 4 H Bl

BRI RLUEIESS, T AR, R — Ak
BRSO IVEHARE, REANEEETEN, T Ial—vav
FEFERE 1 BARES Bk, BERE. IIESHC B 5 5-ALA % lv» 72 Photodynamic diagnosis (PDD) @
F—N—¥a—. AL —H—PEait 2023: jslsm-44_0019.
2. Okamoto T, Inoue Y, Oi Y, Taniyama I, Houri T, Teramukai S , Hashimoto N. Strategy of carotid artery
stenting as first-line treatment and carotid endarterectomy for carotid artery stenosis: A single-center
experience. Surgical Neurology International. 2022; 13.
3. 0iY,InoueY, Taniyama I, Shirato M, Houri T. A Case of Aneurysmal Subarachnoid Hemorrhage with
Middle Cerebral Artery Aplasia at 30 Weeks of Pregnancy. Journal of Neuroendovascular
Therapy. 2022; 16 (7): 376-80.
4. Kinoshita O, Okamoto T, Ota T, Takayama S, Oi Y, Tanaka S, Taniyama I, Naito K, and Inoue Y.
Klebsiella invasive liver abscess syndrome presenting with a central nervous system manifestation sec-
ondary to latent cholecystitis: a case report. Journal of Medical Case Reports. 2022; 16(1): 234.
5. Furuno Y, Sasajima H, Goto Y, Taniyama I, Aita K, Owada K, Tatsuzawa K, Mineura K. Strategies to
prevent positioning-related complications associated with the lateral suboccipital approach. Journal of
Neurological Surgery Part B: Skull Base. 2013: 035-40.
6. GotoY, Taniyama I, Ebisu T, Mineura K. A surgical case of cerebral hemorrhage in a patient with fac-
tor XI deficiency. Blood coagulation & fibrinolysis. 2012; 23 (5): 456-8.

TR R 132(8), 2023.






