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ABSTRACT

In patients with epilepsy, seizures can be controlled with antiseizure medications (ASMs). However, approximately 30% patients are refractory
to treatment with ASMs. Such patients are potential candidates for epilepsy surgery. Scalp electroencephalography (EEG), seizure semiology,
structural (magnetic resonance imaging) and functional neuroimaging (positron emission tomography or single-photon emission computed
tomography), and neuropsychological testing are used to identify the epileptogenic zone. If the ictal and interictal pattern on scalp EEG is
not consistent with that observed using other modalities, such as neuroimaging or seizure semiology, further evaluation using invasive testing
should be considered to elucidate the epileptogenic zone and resection margin. During epilepsy surgery with resection, intraoperative neuro-
physiological monitoring with electrocorticography (ECoG) and functional brain mapping can be used. ECoG and brain mapping techniques
are also used extraoperatively to localize seizure focus and functional areas. Recently, transcranial motor evoked potential monitoring has
been shown to useful for accurate detection of injury in the pyramidal pathway intraoperatively. Therefore, we aimed to comprehensively
summarize the role of intraoperative and extraoperative neurophysiological monitoring and brain mapping in epilepsy surgery.
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Table 1. Comparison between scalp EEG and intracranial EEG
with subdural or depth electrodes

Scalp EEG Intracranial EEG
Invasiveness Non-invasive Invasive
Recording site Scalp 1) Subdural electrode

- Surface of cortex
2) Depth electrode
- Deep structure
(e.g., hippocampus)

. . . Limi h f
Region for evaluation Whole brain imited to the area o

craniotomy
Quality of EEG signals Worse Better
(e.g., epileptiform
discharges)
Interference by Frequent Rare
movement/
muscle artifact
Functional brain Impossible Possible

mapping

EEG, electroencephalography.

AstA(subdural electrode)t A% %29 IS 5t Al
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Fig. 1. Examples of subdural electrodes. (A) Grid of 4 x 5 (disks
are spaced 1 cm apart, center to center), (B) Strip of 1 x 8
(1 cm apart), (C) Strip of 1 x 8 (micro-strip, 0.5 cm apart).

Fig. 2. Extraoperative electrocorticography (ECoG) placement
using strips, grids, and depth electrodes (arrow head).



18

Dae Lim Koo, Dae-Won Seo

g 59 24 4859 AdS 2EsfoF At
3) SFLMB0M +=F5 DELIAAR 284
HASEFYAS T ARES s d R gARA
< Stk EET. 9 ot Aol wa v kubgAl
A B HAZE oMb Hol oF 25%9] 2=y A 3}
Aol b Al A= ERRE WS R 0] W E
A FATHA]. = oM SRS A] Fu it
+ YAuujo] Blsto] HHF 23 0] =4s)el S| A
S HojFd 1, YA subclinical se1zure) A1) izt
7E 71EHA] s AT SSAHG]. SRS 7
R HASSEToH, IR A9t Ehko] e
Agg Q8 sh= tHAQ HAF dodolt. SFHAS
3R] HRA SEHH S HEE ™A < (anterior temporal

lobectomy) ¥ 3mHhippocampus)2} J7;155<ﬂ(.elrnyg.jclala)-‘l]
YF =2 AAE AAlsks FHoltHel. SFAAS A

FEA iFe § HEAES APl Aol &% odua)
AAE B0l ASSTFAIYNN WS/ EATt HASHY
HS 3holslo] Q= dA|H Y(lateral resection marginy=
245t ST EAE A & sfiuke] FR 55, A
Fof| A AFH=TS AYsto] HHASRPTH s +

7t w7t 5 shutel WA WslE 35 ARATEg. 3.

)

% AR 0|30 JAIAAE 17 AlPste YiEw
FIA FRE B & 27} WAE oiRE AR 5 A
SEAEA BUEEEAE Se Hagmepdo] selg
£ il A 9918 A slol F2 52 7]
& % Qo] et A759] At oba7hd gakdolx) o
tH7,8]. E3t Héixﬂ—?a T NARANE 1 A
ATEINE o}y ATHY e AT AIHE HoIFA Fojx
011:]_4 7.9, 10]. 5_4 zA/\ ﬂEi"] -/1\—%@%154' /\}\Z/\]ﬁﬁﬂ
AN e] Sz weby Dl dunhe] 54543874 7|
Hogx9] §-8492 olzrlTHE Hol7t 9 4= Sick. =
zz\/\4 q] uq,a. c]-a;qu]- Qupzog H;Qz}\/\ o /\]

Yok AT NELS % HuAe] AnE o
Jlsto] WAAAENS Aol AL Hsdch

£ 4o

N

4) a0l TRLTZIA] B
HAESES PEAE BRG AL Sete] HaEmAL
£ B9 W% SO Wk KRR 4o Blel o
71sgele] B Bag, 4% I AumaAeR: A
3l A1ZH4 FPAo] SlekTable 2). 0] H]sl, 5449 o
AAAE SR AR T 78S Aasne gt
HABRPIAS] Welo} WA Ak W 5 5]
of WESEoIN HASIARS TATI B A4

i ‘r",-.-pl\'q—-’,lﬂ.w\w‘“jzw*e,w—_uw_.,lll\\w.Ul-_."-’lfI\M"-»w-""\-u‘. Y e e e Ve S
. IR [T PO SR N . R EE B L 1% bt ML AMA L USRS R B
Tall e o o T g s e e L e Y, e e

- 2 i
L Mottt e e s [t R e tVame AN

i I

ket g TR N ) T i o e e ’v\{‘,'\‘ L e Sl P W

Body B o UL L WUV PO Ve N SRR T A L P YL LR “/-«' A |

1

S IR S N [V, VY AT VN PR N IS [
e i W y ¢ L

Head

— A Il
w N AR el
v Yaal

P J«-;./'V-a-,‘f,‘.,,w-x_%-(,"!‘"w- M\ ey e .'\-r.-\--'-'\,'p».n&' A

|

o \—.’“"I i i e B e R P ps o e | Pt

[©@ O ©® O 6 ® ©

Fig. 3. Intraoperative electrocorticography (ECoG) placement on hippocampus. Intraoperative ECoG recording with micro-strip revealed
interictal epileptiform discharges developed from the head portion of hippocampus (red box).
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Fig. 4. Extraoperative electrocorticography (ECoG) in a 23-year-old man with intractable seizure. (A) Interictal epileptiform discharges
at E-13-Ref (inferior frontal gyral area). (B) The earliest definite ictal pattern is starting at E-13-Ref.
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Fig. 5. Functional brain mapping using ECoG-guided electrical stimulation with a 4 by 5 and 4 by 8 contact subdural grids and 1
by 8 subdural strips placed over the left fronto-temporo-parietal lobes. Central sulcus was explored by MNSEP (bright green line
indicates central sulcus). The different thresholds of stimulus intensity, which produced a positive or negative response, were
estimated in motor, sensory, and language functions. ECoG, electrocorticography; MLAEP, middle latency auditory evoked potential;

MNSEP, median nerve somatosensory evoked potential.
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