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Patterns and Localization of Ictal Scalp EEG in Partial Epilepsies
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epilepsy) AN Halide] o) A 549 FHAA
velytin 2ttt o2 gt wa(interictal ¢ INIC)
2 2= (jetal 1 IC) @2 (epileptiform discharges :
ED)oll tigt A olal 2 Luederst Awad(1992)= 2
A= R 2 2 (ictal
onset zone : [0Z) & A3t ? gy o] AL F44
ol Adem AA| Hv} REojAl AE Fo vt thaA ¥
742 R glen, A= dX 2 o] wzt debd
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izure)d] A A 2AHE B #4

o] B0} ojzf& 4 Ut

w2 1 vh(ictal EEG : ICEEG) & dit 3zl
=B/ #E9s, ¥ e -xa F5HAHvideo BEG

monitoring) oA F& BAsA Ak YubE o o]

A5}z <8 =
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L

dold uf 7|2HA| T I3A ZA glol= HEE F Ut
(subclinical seizures). 3} ICEEG® 78 Ath& yg

F 9 A¢E vk & AR Fde R vehd st
(localization)2 HZ3}H(lateralization) 7} o1& %7t
2t} B3] 254 M (temporal lobe epilepsy : TLE)
dA] 10Z0] W& FZ2EA dojd uf SFHes HA

o) Yehlug 22 22q Bonr} HigHo R viA A
st Zhde] AgHE B 2R o8  Un E

a3 AR A% 7 (frontal lobe epilepsy : FLE) 9]
TLE £E ubAld] o3 ICEEGE A3 4
+ ‘%Fr"?l 2.9 (interhemispheric area : ITHA)®
<& 10Z0] YehA &% £= 9len, v
g %i}(paradoxmal lateralization)2 & Sl
x3 FLEE |31y #-%2 A4 (secondary bila-
teral synchrony)el 9-& & Jerz T3 HITeR
[0Z% &2lal7] olgd e & Aok 3 vt 0.5 AAAA
BAeR] o BEAT Ay Qx| 21 e el WaielA|
(state change), 225t Q1A 7HH38Y] o8& BF%E
. B2 gubclinical rhythmic EEG discharges of ad-
ults(SREDA) Z-& ¥ gke] Hdolu} [CEEGS fAke 7
9}(artifacts mimicking EEG seizure) 9} 78 8foF gt
olg) gt EANEL vt 2.9} o] BAEHA, BB A
AL A sta, 2HAAS vEA U A8 v T
ot} 3 M £ V%A TR 94 A PR
2 o H|t) e -5 AALe] AE &4, Aot r)r]e] 2
2 ICEEGS T8 ZA 2 ¢ 23 53] va
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A AL Bl Wgor 0 $94L 93] geld
.Y HEe] Spencers 5& FE 7HoX 9] [CEEG
UHEE 50%, 50158 10% FEs T
TLE®] ICEEG] W3 2EE %3 <
National Institute : MND9] Hiio] oJspd 25gq Zat
B B8 427%. B NER AEHE 98 9,
E7Fs 21.4%% B3 S 9 1

d

%0
o

o

o
£l

)
£,

2 W3 22.8%, A=
Aol whetA] th2A] Yeh) 254 Aket gE e = A
+ HEsle] P o] "ol slsiTt

£ 2oME FEEze] ICEEGe] dis) $4 vt o v}
AAE el dis) AR ICEEGe] ot =3l 39 3]

off thell Admgsbar, bde] Qlo] uhe 544 A Eict

Bz

1. HH 2 - =0 HAN

N O um =
S8 7 (paroxysmal events) 2.8 7H o] 2JAl% A
i, Z_é‘%jr:‘fﬂ Aaxide] dasAYg &g 98 3t

o3P Beg A% S4 97d A

g%é}oq AR Fe, o] RAAAS gt Ao
UL B WS 71287] 98] AMe) Bl s

:_f')__
:}%7] (phenobarbital, primidone, etc)=
He dFY A 50% &, 49 ohed 2dEAY car-
bamazepinel.® 3t T JLA 7T} 718} benzodia-
zepine 297t} 20%% ZAAAA 30~40% 2 SR 3}
o] 7% Bt Azt (generalized withdrawal seizur-
L.BE Fogitt olg A FAAANE &

717}0%1 S

=7} Zhat. aAe M e
, raye] 713k AeE FA e
th el siet 7 2ol weA TLES) A el 3
o3, extra-TLES] %St %04 ol frka gh}?

Z3v} barbiturate®} benzodiazepine®™ WHahe] Z7}7}
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2B (rebound seizures) a0k 31T},
=5 3}-4 e dutd o2 34 107] HEE 7]

i Zej= 471 o)<l 71%0] Hastgic

2) 51 85 MA|

P53 98t8]9] modified combinatorial nomencla-
ture systemel wet o]H HAF & oj4o] 9AHE R
THLE 10~20 ASEF HYA 10~10 425 ¢ €
84 H¥H5(sphenoidal electrodes ; multistranded
silver electrodes coated with teflon, inserted with a
spinal needle in the zygomatic fossa adjacent to
the foramen ovale, to a depth approximately 4.5~5
cm), PR (supraorbital electrodes) & A x| gt}
Silver/silver chloride cup AFE o] &3t 2L (co-
llodion) .2 ©ets] B9 & Uv]dx(impedance) A
€ dte] A2 5 kOhm ©|3t2 fA|= &4 gelsin, 3
84 89 (electrolyte) & FU 2} 7Hdo] nje} =2 2

ol W TLEZ 942 o 254 #9499 10~10 A=

(AF7~8:F9~10: FT7~10; T9~10: TP7T~10)3} =
3932 AABHFig. ). BE FFAZ0] 10~10 714
A% e azm@ A5} 27 $4alA = QrhnE o
AR TLEeA dxbd oz 28 4 gl ICEEGE 19%
= BE 5 1 or B 52 o)A 102 v)¥) BT 5
Sl 497} 10% 1 Bra SR k9 i el s
AZe o) %1 Ueht 27 S Srkn deln
Stk FLE % 259 7145 @ 3% Zo oalg g
?lg}*o* 4:‘4 10~10 A3(FP1~2: AF3~4, 7~8;

~8, FC1~6, C1~6)< A&-3t}H(Fig. 6). Parasag-
ittal, == midline #¢} 7tdo] 944 wl= AZ3E 9
a4l 10~10 A=(AFz: AF3~4: Fz~4, FCz~4; Cz~
4, CPz~4, Pz~4)&°| BLs}H(Fig. 2). %4 71
(occipital lobe epilepsy : OLE)o] 9414 wj= 10~10
A=(0z~2, POz, 3~4, 7~8: Pz~8)°] Baslt} o|R

A AHA R ] Y@ B Y ose
29 F4o AFEL MG F A0S slSsw
A, F7e eg A0 AXd) @ $40] Lose 4
AW BEHAZ 9 Bosl g, $4 24 BAhow Hs

°|54 %E& (longitudinal bipolar montage ; midli-
ne A5 E3HE WED HF 0|24 FEFH (transverse
bipolar montage) ¥ ZE AL ¥33 =24 Tl
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Fig. 1. Ictal scalp EEG in right mesial temporal lobe epilepsy. A :
chewing artifacts in longitudinal bipolar montage. B, C :

Ictal onset zone shows rhythmic theta activities in right temporal area after
Ictal EEG activities were more prominent on the Sp2 electrodes in longitudinal and

transverse sphenoidal montages. D : Referential montage reveals negative field gradient of rhythmic theta activities, maximally in Sp2 electr-

ode with anterior basal field.

(referential montage)& #-¢ ¥ A ”l7ﬂ
B8 HH3 7|F4 3 (referential electrode)S
Erk(Fig. 1, 2).

3 A=
o 901 JA G Y=
99 ICEEGE 53 d=ez 2] JET B4 ¥
NE, Folo ofaiA e 332 et A "t Al
AR, F24 Autr R I 7 don, dud
o] Wigle 7e} Fupr} 71557 4ok vA e F
20~170%%] ICEEG Tto] T AT 7|58 & ch.»
7]E}i ICEEG7} 71550 & W2 WAE F4338)7] o

B e, dA T A= 7153 A8t

o)1 o) 5
S ;§§‘T‘3Ei filt:+.°

—{n -z

x1

3) HT 2 Ay

X =9

HY 29 [CEEGE AMZ2 A5 HeHz o]
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tlo

2 A% absence seizure), A2 52 A3}
7] o9, Aok whe 2 AL 21 B (generaliz-
ed tonic seizure), 17443 E2(atonic seizure), -4
Zr% o= (supplementary sensorimotor area se-
izure)-& ZHHs7] gt Bt ee] #MdA HFFY

(aura)e] UN=FEAE ERvk BE 25 & Hdo

2 Eol & F ulz HA e Audza Azl UM
= AEE ©A), 94 ezt ARk Eleka, At

>}'_,
s

A Ay 2 BEsle) W} gt Helshe

a8,

4) 417 HI 2N

ICEEGY] #2412 AA, A w34 #43] (loca-
tion), =48} = (focality), 3 e (morphologic patte-
m), 33 F3(frequency of ictal discharge), €4, A

P34 (its evolution in time), AlA, Z & (termination).
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Fig. 2. Ictal scalp EEG in left frontal lobe epilepsy. A : Rhythmic beta activities are seen in left frontocentral area after preictal spikes. B :
The transverse montage shows mainly central beta activities although the lateralization of ictal onset zone is difficult. C : The transverse mo-
ntage with 1010 midline electrodes makes the ictal EEG more discrete (sweep length : 5sec). D : The referential montage with common
averaging mode referential electrode reveals the maximum of ictal activities in FC3 and C3 electrodes clearly.
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Hue 2y 71282 o Beloa] A2tE & HA Fala
2 & 9ok o F ofe] BEIRAIA ICEEGE #43ke
10Z& &&= Ao) 7B &g 354t}
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(1) ICEEG2] AZH(ictal onset : 10)
71% ¥ 9 (baseline EEG)oA] ¥sh7t Az o] 245
AR ol A3tk th7l 3% oA M ute] Wgls) x|

=17 O

< & AekA9® Spencer §17
rhythmic, sustained EEG pattern distinct from ba-

Ao

“paroxysmal,

ckground and unrelated state or spiking EEG pat-

tern with a frequency >2 Hz. accompanied by obje-
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ctive to subjective clinical manifestations reported to
be typical of habitual seizure activity by the patient
and family’ 2 29 O]"ﬁ‘:} &3] X A o St
H Wste 1HE F #ddnh o F [09A vdehde
& ot ol HeiMe dF T T2 TUHo
JA vt 7 AR Vled 28-S EY SejHAE
Z21Y9| Steinhoff 592 TLESIA 1) attenuation(on-
ly if lateralized ; ATT), 2) cessation of IED(CIED),
3) repetitive spiking(RS). 4) rhythmic delta(RD), 5)
rhythmic theta or alpha(RT), 6) rhythmic sustain-
ed theta or alpha(C>10 sec : RST), 7) rhythmic beta
(RB)Y 4# 7KI& 7<393L, Ebersole?} Pacia®&
TLE®IA type 1A : an initial, regular 5- to 9-Hz in-
ferotemporal rhythm >5 sec{most specific for hippo-
campal onset), type 1B : similar vertex/parasagitt-

al positive rhythm >5 sec, type 1C : combination of
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types 1A and 1B rhythms, type 2A :irregular po-
lymorphic 2~5 Hz lateralized activity(commonly neo-
cortical onset), type 2B followed by type 1A theta,
type 2C preceded by repetitive, sometimes periodic
sharp wave, Type 3 seizures without a clear lateral-
ized EEG discharges{commonly neocortical onset)=
A&sdnt. 28y Ak oz RRdxio] [CEEGY &
AL 1) Ak e g 319 of 1 Fo] as e 7-F(electro-
decremental change), 2) ¥rE-& o2 7Hd o] g}

£ 7 F(repetitive ED), 3) dEelelA] wiel7tA] oheket
Fage] A o] vehbe 7-%(rhythmic dis-
charges)® Y= 4 Ut} Blume 92 F-E o)A
11%< electrodecremental change, 39%< repetitive
epileptiform discharges, 47%% sinuscidal waves&
UeEbiI Tl 7=t

I0S Aska 2L A1A 9] o FHE 23 & o2 S
£ o]&3te] 107 2 HEdl 44 |54 BERIE ol f
3to] HZ38l(lateralization) & et ko] =43}
(localization)& ¥}, 1 & 954 BB o4 negative
field gradient ¥ ) 2 Z(maximum amplitude)< &
ol Eg o} 102 ERletH(Fig. 1. 2). o] W &34
SEF O 71EAFL fieldollx 7P W o2 Fu} gle
A& Aok sttt A3 Aol $le™ nonceph-
alic electrode(right shoulder)'} common averaging mo-

deE o[ &% 7EAFE ol 8 F Ak

(2) A3 =
10 ol%9] ¥ uolr W7 Z(spread) H AT
(build-up pattern)& #<lgch, H2 9] FFHol we} =)+
thekekAl e, g #ake] 2 [0ZME HUE
¢ M3lE Rel7]% 3t} Brekelman % o8hd
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2144 (hippocampal commissure)< Btz &% zH
o Azt & Yok ® =3 F4E(uncinate fascicles) &
Bty AFge dod 4 3ot Extra-TLEE $5¢ 4l
gAzte] ekt AdE B3l okt Al rbsdEith 5
3] FLES A$E H %S gx v$ we] AgsHez H&
3lof] o] $o] o OLE, PLE® %+ infra-Sylvi-
an ¥ supra-Sylvian 222 B3 Avso] & &=
o] FFE vehd 4 e

(3) Z8A 2 F8F HapAs)

dutd o2 £8A ICEEG 9rle BA FrreiA] vt
TLEAA 1077 2& FHoA Fx3vhd & At
F2 oz gyA b we] FRE adenosined
Z71% T inosine¥ hypoxanthine®] benzodiazepine
g ote] Ao 2 dojdtt gt ICEEG $8 ¥ 3
3}(postictal pattern)oll T3t A2 Kaibara®t Bloom™ell
olaba 37%7F tEe] del E&= AlEH(polymorphic del-
ta or theta), 29% wiZdste] &2 (attenuation of
background). 31% &A1 %/ #¥-(immediate return
to normal background), 25% &2t3} &3} (spike ac-
tivation)Z JepATE B, sht o] Y] §3& vEhd
F Joim st} 53 Aoz Hgd A ¢
ge) kel A9 42%00 4 g FES UG, =
42 ICEEGY A= #aEHA guca goh. 23y
68.6%°l4 HZ3] 7hE3ste] A& o]8E 4 UL o
Aok, el del 2 MEel(postictal delta or theta ; its

new appearance or a greater than 50% increase in

o

voltage as compared to the preictal state) e HZ2 <]
71%2 &gl (functional deafferented cortex)& WHER
o w7 9ke] #E A (attenuation of background : po-
stictal reduction of background activity to absent
or minimal(10uV))E& ¥z & FEFo 2 Q1g ARAZ
o} B84 A (relatively neuronal inactivity from po-
sictal hyperpolarization)& <t , E2mte] &4 (ac-
tivation of spike ; new appearance of spikes during
the first Smin. Postictally or an at least 3 fold-in-
crease in spike quantity)S AlEL]AeA ] KT o] F
7 Catt ol et 2e olee) Hse] od ALAY
224 d (ionic alteration(increase in extracellular K~

and lowering extracellular Ca'" increase spontane-
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PEINEWAM EXE S0l il

JulstE Ao R gl Ut

(4) ICEEG®] #Z3} 4l 938l
H&stel g e A5 F ol

ous activityl &

o3 Aol b

FHE p= %é o7 By T njgto]R|ul FEEIgl 2}
ol7} Aok "dE% (Jr—> $2)" 7} Zo] 71&si, &%
o) 7} el EiR] OH:}D:? 23} B7Hnonlateralized)” &

BB g9 3te] TfH?ﬂWE 994 (regional)”,
(hemispheric)”, “¥913} E7Hnonlocalization)” & WY&
o} ol2{g x| A2 10Z o199 AHFdL Ba A
@t B2 10278 43439l later significant patt-
ern(LSP) &5 4x)3lH %%5}9} B3}t 75 Bt g5
AAIA|TE, ol dABHA] b AE [0Z] B& vE=L
T gityow electrographlc seizures= H2to] 71g
75 W53 H A 77 EojAnh & 10Ze] 7}
d ’\] e F 5 doy, #3% &

A§7]-?'5]—E]- =3k 10 /\]7]-01 Cg}g-?ﬁ'
=275 ICEEGY 9ve g & 34
Ho}h® TLENA 71&shs o2 Steinhoff 59 A

A "Temporal (temporal vs parasagittal chain >2: 1

B

@
E
>
_124_‘
N -
[
2
aul >1
NI

in bipolar, and two sides >2: 1 in referential mon-
tage), ©A "Hemispheric (temporal vs parasagittal
chain <21 in bipolar, and two sides >2: 1 in re-
ferential montage >2: 1), AlA,
ed left or right”, YA,
AR, “Extratemporal, left or right’ & YA},

ol#g ICEEG®] H &4l tigt A7 e 223l
gt g egdol g B Buvt Yok Spencer SY <]
SHE Al ] BE oA} 2ol el ICEEG 959 Ha o

A&l gt AolA 295o] ANT AE 64~T74%,
O”‘(1obe)°l YA A= 58~60% Hem, ARrH=
'Oréol YR & H$= 46~49%, < (lobe)

ol & AL, v 3t
A F52T TLEoﬂ = 7‘}7]- 3~17%=E 7P Addkn
PET¢ A5 H=<E Hwg Engel 520 ojshd

A3} 49%, B8 47%, BEE7} 49% 3. Walcza-

ck 50l 9etd TLEw 76~83%. extra-TLEE 47~
65911 B &3] RS} & & S, &I} 53 1C-
EEG % TLE ¥ 45 93~99%, extra-TLE 2%}
£ 89~100%°14 g&e] H9st & 5 it st

“Bilateral, lateraliz-

“Bilateral, nonlateralized”, ©F
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o< 473
off gk A4l @7&?} 87 dF obq"/] 7% Wl ois)
HEOAL 71 B

e = d
& vepd vﬂ% °1xlg~ 0.89, LSPWH A& 1.0, &
54 EDE Jerd o 47} 0.82, 0.859] 4x&2 e
tha Bl 934 EDE ZHe TLES €& 7K 71%
o W& ICEEG #E2 ml$ &34 o1vkn F4315
Extra-TLE 7Fdol ek o] 41 5] Aol ofshd =
g7t ¢ A 2E OLE 70%, lateral TLE 52%, FLE
23%, PLE 10% 22 Uehdtlin &5iv}.

ICEEGY] A4S Hr]7] 3 dE5ojile] 43 off

o we} thd Aoyt vehd 4= 9lom Azl 2 e
EolAlE FAlolH vt o] ¥4, 23 71548 94 F
524 W3t HALE B9 Ao viwdthd 1 9Jn| 7} sof
2 itk Azt

B -

l>

2. BEHEQ TR ME EF

71 &g BE 7t dlo® AxSAd ta) A4

(psychic) T A|Zb4 (visual) 84 (experiential) Az

< e Hae] Ml Hou, 25 Yo A

Z 390 FXE(fear), WA AR (nausea) 59 WEFo]
& W A H kel Waks veit

1079} ¥ 3 42 Thythmic theta’,

“fast’,

“rhythmic del-

ta’, ‘rhythmic alpha’, “electrodecremental re-

sponse’, Tepetitive spiking’ & WrEdl =EA “spi-
ke wave complexes” %= “spike wave mixture’ RYC

B ok vehs Ao deA gl 23U 94
Al 10~30% el S5olA Aleh Heiel wedo] 17
Ao FEFE o] 7 BEAA | B gt 2] 3}
F7F 5 Hz o139l W& 2% #A53ld ICEEGE vehd
735 WS 14 M)A ® Steinhoff 592 A ¥
fjo] FAAQT FHFo] 10% o) A&EE 7-+(rhythmic
sustained theta) W54 AlAlgthar i},

Helghr e gold yESTE 2 St g 3o
Me 55 9, 4ot AE B9 £3E, 13%0ME
frontocentral midlineol] 2% HYAZ el °
lateralized slowing ©] ®A Ve, 83%%
al temporal pattern”, 17%&

N

O

non-
“region-

“lateralized seizure pa-
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ttern”, 3%% “contralateral regional temporal area’,
1%< Hehi
t}® E3] “widespread bilateral rhythmical slowing’
o] F& Mg} HHle FoR FFG FEo] FLaH L
2 Yehtes Aol gk s1A 22 "nonlocalizable seizure
onset olgki Wdly] Bobe WEFY T HA &
A=

“contralateral lateralized pattern &

A} ¥ 2 (mesiotemporal located generator)elAl
=39 (frontal midline structure) 2 A 9Eo] Vepdt
W3 = ® A 2- A (centroparietal midline)olA 3
thx]¢l “volume-conducted activity' & 7FsAde] =oh*
TLE®] ICEEGE start-stop-start(SSS) patterne
vebd 4= 9lvka deiA JAth(Fig. 3). Atalla 5l 2|3t
A 13%0] el “start’ & B 11270 A& 13
Aol A AU E dehln wl$ F2 fleldg WEhlH,
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Fig. 3. Start-stop-start pattern EEG in left mesial temporal epilepsy. The start period showed Sp1 maximum for 5 seconds, followed by stop

period, and then the restart period appeared with different frequency.
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