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Brain Mapping in Glioma Surgery
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CABSTRACT

The aims of brain glioma surgery are to potentiate adjuvant therapies and to extend survival with maximizing the quality
of resection, while minimizing the risk of postoperative neurologic deficits. However, it is often limited by the location
and spatial extent of the tumor and its relationship to the eloquent tissue. Moreover, there is interindividual anatomo-
functional variability and so, each patient should be evaluated for cortical functional organization, effective connectivity
and potential for plasticity.

Recently, “maximum safe resection” has been made possible by preoperative functional neuroimaging, intraoperative
imaging and image-guided surgery, and intraoperative functional mapping. In each patient, preoperative evaluation of
cortical functional organization and relationship between tumor and surrounding brain tissue, and intraoperative eval-
uation of anatomo-functional connectivity and short-term plasticity using repeated cortical and subcortical stimulation
during resection made tailored resection of glioma in eloquent area possible.

With continuous accumulation of neuroanatomical & neurophysiological knowledge and experience of preoperative and
intraoperative mapping, we could understand more and better about dynamic functional anatomy of brain.

KEY WORDS : Awake craniotomy - Brain mapping - Glioma - Image guided surgery - Intraoperative electrical stim-
ulation - Plasticity.
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H 7154 217394 (functional neuroimaging) < ©]-&3F H]
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Fig. 1. Preoperative and intraoperative mapping during awake craniotomy in a 28 year-old female patient with oligodendroglioma.
A : Preoperative MRI shows ill-defined mass at left frontal lobe. B : Preoperative functional MRI. The activated area during speech (yellowi-
sh areas) is identified posterosuperior to the tumor. C : Postoperative MR shows grossly total removal of tumor. D : Intraoperative
photograph of localization of essential areas(green circles) for naming using intraoperative cortical electrical stimulation before
resection. The anatomical Broca's area(outlined in bold strokes) was functionally redistributed to posterior half of middle frontal
gyrus(green circles) by tumor(pink-colored area). E : Intraoperative photograph after resection.
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Fig. 2. Diagram for methods of brain mapping.
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Fig. 3. Functional neuronavigation us-
ing diffusion tensor image (DT). A :
Snapshot of DTl-navigation-dedicated
software. DTl was fused with naviga-
tion image. Red and yellow-colored
nerve bundles represent corticospinal
tract and optic radiation, respective-
ly. B : Snapshot of intraoperative navi-
gation system monitor. Yellow and red-
colored nerve bundles represent corti-
cospinal tract and arcuate fasciculus,
respectively.
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tical and subcortical electrical stimzulation ; IES)
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ko] Hxot Fask Bt sl disl SAtelA & Anst
aL WHshE o] Fasith

28t el mHE I QAke] Efo] Aot
v Ao we} Z-gA7re] 4~6A17F AR = nkE A (2%
lidocaine, 0.25% bupivacaine, 1 : 200,000 epinephrine)
£ olgst] A& AEAGES Aldsta, e Azt F A
% (analgesia) &% 4= remifentanil ©]83}2(0.01
~0.05 g/kg/min), %174 (sedation) &3} FAoll= 2HgA70]
2-2- propofol (ZHE% 0.3~0.5 mg/kg/min, F4-&% 15
~75 g/kg/min)& ©]&3to] IS e FHASHE FA8
o} gxlo] ZPEL propofol?) F9)4 = HUR= bispectral
index BIS) & ol&ato] AAztez FHeh e 113
e} W guke Ak v S ekEe (middle menin-
geal artery) ¥} 3 WE (transverse sinus) FHAAE &
o 24 Qo] sk WA w4 niEAlE 7Y
sttt 2ZHgAlTto] 2R vEAIE ARESE ] whitell WA EsE
sl gk Pdx7F Hash A, 5~10% Aol viEAl 9]
= T APt AN gAe sEske] 57
oy} doVls = Rl Stk

=7k A7t 5 mme! W9 2571 (Ojemann Cor-
tical Stimulator, Radionics Inc., USA) & o] &3} k=4
A= (bipolar stimulus) & 32 Fr}, et 5% 9

H

=
A A QL 3~43 DS FaL 3437 AT

¢

A

fia

=

P

i)

Ol

© 2 Z=(constant—current, biphasic square wave, 60
Hz, 1 msec) s %, A== F-2vt dA) o #9158 o
Al AdatA AR o] wf JEEA] 9] H 317]5 (electro-
corticography) & AAJste], W3 A=l o] A|&E]=
SkAl(afterdischarge ; AD) 7} UYERR= 218 glopdl oz
A ZHARERLS: ool S}, ADY 7HEEkRto] whAgsk A
o= Ak BAHTE ol8ste] WS AlFshd X
S oS 5 Qleh AR 2 mARE AlFsle] 0.5~2 mA
HASR SEHA Hakshs 8AF ol o)do] yERA
L A &E= ADZF veRd w7k, Hoff 6~8 mAZHA] &
tf AalnkE stellA 5 T FAE AR e =4 vt
F wro o A ek she, AAARE TPt ofy
HA & Aof EAoM = AT whg-S sk fsl
A= AD7F Ueh ks ARET O =4 selok gttt 7)s A
AR @ s W OR AHZEE FATE s
A £33} PR} &3} (depolarization) S E3F 2475
A sh= Ao))s ALt Wt o =2 AR7F dast
tH(Fig. 4) 6-1035)

27 lsolv e AtelAl BRIl A o]
L 7ol vehE F9lE ERlE AL o)7)se ARES] o]
= 13}7] (object naming) ol $10179%] (speech arrest) L+
FdojZF (anomia) o] YR R= Zlo® gRIgh = glom &
ge] Qo] Adste] IESH FUAA Al StellAl Al%4
O AR HAARE Aldsfof sttt do)7]s AL Al A
= o5 Ti7] Felle EE AolF(aphasia) 8] 534
A7Ao|2E, 522 Al7] (number counting) .t} B &34 0]
o} wjE] E0jsh ARl O 5o kER HFHE Sl §
Aol Al HolF=a1, o] 55 WA TomA Aof7]se] Aol
g stk

o

o

X
i

o

Fig. 4. Photograph of intraoperative cortical electrical stimul-
ation (IES) . Note the bipolar stimulator and electrodes for elec-
trocorticography.
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HESFE AA Al gdst F-9] A== AlS Aok
st} A543 (precentral gyrus) ol W
AN e vk APl 9x|eh= b
= F7F gl §lo] AA7E 7Fsgt R, dojgFoll A5t

T

=
HE IESS A AAE 59 ZA Algshds AAls]
of &c}6-103)

O £2 A5d3s 7] flste, IESE Aldeh= Bt
71 A AW EA, MEP, MEG, PET & th& WA =3} %
1?:,]% ?iﬁ]a‘o% /\}‘48—3}‘_1—1 9\)]\]—/}‘.4,28,.'4}(),31,34)

A2h= 2006 1€5H 200996 97H4] 507 (W EAE
T 144, 9394 AAEF 39, 384 JARE 5%, 9
A E3wE 49, n|wA AAAEZE 29, AR WE 91,

(e} s oY

ot

, B AEAEF 3%, FAAEF 2%, A7
19, ABAAZE 1) 9 HFY SAE ez
Vg3t TiFEs NS o T 80%lM HA=S} 7}
S , o] AIE rloR 3479 gt Tk 14
o] gatellM obPdAEE Mg on, B dhApel
A s Aol ARRE “HukdEdA" S & el &
75 AEShe 3694 AlRIERIAL ©] F 86.1%°114 7}
sokglon, &% AoVle AEshe 13l AlRE AT
o] T 76.9%°IM 7Fss3ith 4zt g1ot7ls el thefiM = 4

o
e
32
o Rl

ofell A A= ot o] F 1ol ARt A L8} ThseklaL,

W2 )s Axdhe AlgE 30 BFollM AFsisith &%
7% AE3}F Al Bt A 9AE 3.6 mAE, AoVl AR
5} Al9] 4.0 mARTE oFF Ukt e T Tl
o] Qlglom 14o)A AD7}F BEEQILE £ 5 11
oA SMA F5ro] A, o] Slel® X2 UAA &
vh] 57, YAJA Aols 5, AEe] YA <bdviH] 17,
Gerstman &5 190 Ao, 34 Ay} 2F
= A 2L AEHE 35 Hlom ggelw W A
= ek 1 9] FEie 1 T v e Sldl

o

24 £

el ot Ade Azl AN o} =ge] B
W, IS 84 AAT P SR Azl A
W, a7 ARS S47 WA, 19T B9 S F
AE7RY B 4] A% T8 Sl Hrhera A} 2
Aol oF g3 4 A, F HAES e Fesich
WA ERRe g A 5] AFEARE AR, H of
B 71 waE £E A AR PR Be 3ol
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Qo] gttt WA Eg W Sl E 53] ZMISE F IES
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A% (connectivity) 5ol et olalE TXIA7]= Hell =
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0

SHAE, o2 HA =3 WSS 229 Fokdel 3laL,
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