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Purpose * To develop a fast and robust seizure anticipation program and test its usefulness in seizure predic-
tion and localization of epileptic focus. Methods : The video—EEG monitoring was performed in 20 epilepsy
patients. The NPISI (Nonlinear Periodicity of Inter—Spike Intervals) of each channel and averaged NPISI of all
channels were calculated in pre—ictal and ictal periods of 21 epileptic seizures. Seizure prediction times of
NPISI in each channel and all channels were determined. Resufts : There were eight mesial TLE, twelve neocor-
tical epilepsies. The significantly reduced NPISI prior to seizure onset was observed in 20 seizures (95.2%) by
NPISI of single EEG channel and in 14 seizures (66.7%) by the averaged NPISI of all channels. Time of seizure
anticipation was 17.3x7.3 min by single channel NPISI and 14.0%6.0 min by all channel NPISI prior to the seizure
onset. The earliest NPISI reduction was detected at electrodes concordant to the seizure focus in 6/20 (30.0%)
seizures, electrodes adjacent to the focus in 5/20 (25.5%), mirror electrodes contralateral to the seizure focus
in 4/20 (20.0%), and irrelevant electrodes to the focus in 5/20 (25.5%). Condlusions : This study demonstrated
that the reduction of NPISI could predict epileptic seizures long before clinical seizure onset. Although the
earliest NPISI reduction was observed at or near to epileptic focus in most cases, pre—ictal changes of NPISI
occurred far beyond the epileptic focus. These findings suggest that pre—ictal NPISI reduction may reflect a
widespread facilitation of brain before the seizure onset. {J Korean Epilep Soc 5 : 142-150, 2001)
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Non-linear Periodicity of Inter-Spike Intervals
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Fig. 2. A : Indices of neighborhood
points around of a reference po-
int in reconstructed phase space.
B : Histogram of alf return times. In

@ e this histogram, NPISI was determi-
ned as 20 which means a repres-
entative period of this dynamics.
Table 1. Clinical features of the patients
No. Seizure type  Related condition Inferictal EEG Ictal EEG MRI Final diagnosis
1 CPS CO poisoning L, mT Thetaat Lt T Lt. HS Lt mTLE
2  SPS—CPS None Rt T Deltato thetaat Rt. T Rt. mT tumor Rt. mTLE
3 SPS—CPS Febrile sz Lt FT Deltato theta af L1. FT Lt HS Lt. mTLE
4  SPS—CPS—GTC Febrile sz LT Delta to theta at Lt. T Lt. HS Lt. mTLE
5 SPS—CPS None LT Delta at Lt. FT Lt. HS Lt. mTLE
6 CPS—GTC None Both mT Theta at Rt T Rt. HS Rt. mTLE
7  CPS—GIC None LE T Deliato theta af Lt. FT Lt HS Lt. mTLE
8 SPS—CPS None Rt. mT Theta at Rt. T Rt. HS Rt. mTLE
9  SPS—CPS None Both T DeltaatLt. T Tumor, Lt Lat. T Lt. NTLE
10 SPS—GIC None Lt FT Thetaat Lt. T Cavernous angioma, Lt. T Lt. NTLE
11 CPS None None Theta at L. T Tumor, Lt T Lt. NTLE
12 CPS Freq. apnea None DeltaatLt. T Normal Lt. NTLE
13 SPS>CPS None Lt. T A"L’:‘é/;ff:f o Foca hemorhage Lt. TPLE
14 Bilattonic—GIC  Febrile sz LT Thfﬁf‘ggim Lt. HS Lt. FILE
15 SPS—CPS Febrile sz RtFTI>LET Theta at Rt FT E-malacia, Rt F Rt. FTLE
16  SPS—CPS None None Fast at Rt. TPO Normal Rt. TPOLE
17 CPS—GIC None Gen. Alpha at Lt.FC Normal Lt. FCLE
18  Bilattonic—>GTC MR Lt>RLFC  Alphaat LLFC E-malacia, both FT Lt. FCLE
19  Bilattonic—=GTC MR Lt. FC Alpha, Cz—LtFC Lt. hemiatrophy Lt. FCLE
20 SPS—CPS—GTC None LT. FT LT. FT Normal Lt. FTLE

No. : number, Sz. : seizure, Freq. : frequent, MR : mental retardation, Lt. : left, mT : mesial temporal, R, : right. T : temporal, FT : fron-
totemporal, TP : temporoparietal, Gen. : generalized, FC : frontocentral, CP : centroparietal, Cz : central vertex, HS : hippocampal
sclerosis, lat, : lateral, cav. : cavemous, E-malacio : encephalomalacia, mTLE : mesial temporal lobe epllepsy, NTLE : neocortical
temporal lobe epilepsy. TPLE : temporoparietal lobe epilepsy, FILE : frontotemporal lobe epilepsy, TPOLE : femporoparieto-occipital
lobe epilepsy, FCLE : frontocentral lobe epilepsy
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Fig. 3. Earliest seizure prediction at P8 electrode (KSJ). X axis st-
ands for window index (one window=10 sec) while Y axis indi-
cates percent decrement of NPISI at each window from the
baseline NPISI. Clinical seizure onset (230th window=2300 sec in
X axis) was predicted at 172nd window (1720 sec) by NPISI of
P8 electrode. The seizure prediction time of NPIS| was 580 sec.
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Table 2. Seizure prediction times of single channel and all-channel average in each patient

Patient Epilepsy Single Sz. Prediction All-channel- Spatial
no. classification channel* fime (min) average® (min) relationship
1 Lt mTLE 02 43 0 CL/NL
2 Rt. mTLE T8 12.6 12.0 IL/Loc
3 Lt. mTLE F8 20.5 0 CL
4 Lt. mTLE C4 16.3 15.3 CL/NL
5 L. mTLE P7 19.0 18.3 IL/NL
6 Rt. mTLE FP1 20.8 22.3 CL/NL
7 Lt. mTLE T8 17.0 40 Cl/loc
8 Rt. mTLE P8 16.7 0 IL/NL
9 Lt. NTLE F3 25.7 19.0 IL/NL
10 \LT. NTLE F7 19.7 19.7 IL/Loc
1 Lf. NTLE P3 167 13.7 IL/NL
12 Lt. NTLE T8 11.3 0 CL
13 Lt. TPLE T8 21.0 0 CL
14 Lt. FTLE C4 19.3 202 CL/NL
15 Rt. FTLE 02 163 16.3 IL/NL
16 (1) Rt. TPOLE P4 16.8 16.8 IL/Loc
16 (2) Rt. TPOLE F8 32.8 10.3 IL/NL
17 Lt. FCLE Cz 133 125 Loc
18 Lt. FCLE None 0 0 None
19 Lt. FCLE F3 162 0 IL/Loc
20 Lf. FTLE FP1 1.0 1.2 IL/Loc
Mean £SD (min) 17.3+7.3 14.0+6.0

* 1 Single channel : EEG channel that showed the earliest NPISI reduction.

# © All-channel-average : seizure prediction time of NPIS| calculated from averaged EEG of all channels.

No. : number, Sz. : seizure, min @ minutes, Lt. @ leff, mTLE : mesial temporal lobe epilepsy, Rt. : right, NTLE : neocortfical temporal lobe
epilepsy, TPLE : temporoparietal lobe epilepsy, FTLE : frontotemporal lobe epilepsy, TPOLE : temporoparieto-occipital lobe epilepsy,
FCLE : frontocentral lobe epilepsy, CL : contralateral, NL : nonlocalized, IL : ipsilateral, Loc : localized
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Table 3. Spatial relationship between channel showing the
earliest preictal NPISI change and seizure focus

Mesial TLE : (8)
* Left mesial TLE (5) : P7, F8, T8, C4, O2
« Right mesial TLE (3) : T8, P8, FP1
Neocortical epilepsy (12)
* Left lateral TLE, symptomatic (3) : F7, F3, P3
« Left lateral TLE, cryptogenic (3) : T8
¢ Leff FLE (1) : none
 Left FTLE (2) : FP1, C4
« Right FTLE (1) : O2
e Left FCLE (2) 1 F3,Cz
* Right TPOLE (1) : P4 & F8 (2 seizures from one patient)
¢ Left TPLE (1) : T8

7 BEEA e mel AE B

Y vy Y o]EL AA AAA (natural sys-
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range attractor) & & 4 1=, ol TAY A4 (fractal
dimension) 22 F¥HH o] AEe A2 2 AFE 1
YA d=th

w3t ST} ke A Ak Zlo] $HE o] E 7l Al
o] wige A AAET BUNY) BEAE AHHoE F
7¥P7] flste] o] vldE A7t ARgE o] gttt 2o
X 2|4=(Lyapunov exponents) @ E7] #&e] thal Ho
AR Ex 7RISR E AFErHoR el 202
7P &2 LD A 7P 32 @ln) g ke =z
UERt T o37)A4 ne Al 37k 43 (topographical di-
mension) & Bttt o] A7t A% § 7Y o)} Fe] Fk
& 7Y Freadolgln & 4 Qleu? Hu gobEx
I 25 HHE0] Bebyd 7loA Al EAA AEE A
Z3la7]) 8l AREE Y wat Aaabd (correlation
dimension) & 1 Al¢] A2 e] 91 AA} QL1 B
S Hlole HE 22 #AHE d3) HisHe JeHETt
o gedog Hoyu,V Auxde) by 2 EAES A
FHAEY 718717 A e Fe 7)Fo] 23
FES o7l guHA] Z& AALY B vl ste]
NE AL B Frb A7) el Ak el 7)Eo]
711 odElel] o] /idEE AHhe FTHRIIE 2
7} @St o3 B BTt El9) ek e
Kolmogorov entropy (K2) & AAlshk= gng]&o] 1gtE
AP 01F o] gale] AFH Ao B AEE A
F3lsh= A7t ASHADLY AAEAA FheA o]B2S
A dlolelef] AgAIT1EE & ATt iR oA
3] HA ¥ FQ3 olfi= HIAY AIAIE B o] At
= 78 AAEA] A FE R 91 9
ol H3t Az} o] Fgo] Aolx Agtd A7E 71
= dlolegly] 8] 3A (non—linearity) & &<1&t1 ¥4y
ATE GBEHA F-hAPFIE Fol 94X 4] gl o
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A9 A5E Hl3) AxkEe] ALE NPISI FgLe ¥
Yo Lot Azl g3, BA Aske] ol2H o o

Shiche Holu, ko) A BL Bsjol FeHoz
E5 A3 FAel A%l o] §3 Wne 1
J

A5 AAEE HEAD F lomg HEH YoM T g
Z dd g Fojr), AXEE AA| 7+ H gl NPISIE &
g3ted 1 omgl dE TIXE Frlske A S ARSI

I, olol tiFt ATE A&t Astw Aok

Aol glo] F-dahe A7t FHE R wwd I
5 7HA A &, 237 (interictal state) 9 EzEN)
(ictal state) 2 WHg 4= Ak AZHs)] gt d2h7b7] o4
H7)2 dolsle e disiAe oFd gEA A ¢A
gl 1 Fes A3 TR AFelA HakE 715359,
H27] Habs AAE W) JF W 12Ee] F7135
3} (periodic spikes of high amplitude) & A& 15
3} &4 (fast activity of low voltage) 52 A& Hl
¥ 7129 A, AFH Hat B oldA YA
2l 2+ Wzhg HolHA 2 £% Aol AFHA F3t
Foll g Az (frequency—based) A% #Afel &3]
o] Bahs EE £ Qe UE wHE YT
E3], A9EY HpZA Bz A I3 Wk (rate) & HF
3} (quantification) 3FIE A& BT Ayt ggct?
olglg AHEY W< (spectral parameter) HTR= x3}]
A AAE #4oE B A 7929 84 g #
8 sk o] R Attt Azt AFAEe] A
AZ 7 Ao FAS Ao 27 AlF F Ao Hsks
o)g] 453 F JAJh Y 0)5& Wz A WS A3
AYPshs AFAQ Ao systy ROz A
(evolution) o] lojA L2zt7) 9} W27 = 7Ex] Aee}
£ Y953 o= 3 & 2= FAe Ho)Y] (transitional
phase) 7} EA3HH, o] 21719 W= Fx29 S AR
E(time scale) Tt 28] T8k oyt 71 A7 A%
AbellA B ou] gl 7PAA (variation) 2 Bty F3
SR W2 A M3t 792 453 SN 1
o] B34 (high complexity) & Holtt7t o]3io] As}s]
+(ow complexity) AEIZ Hold Aol F&311 9l
ou, Huig o]AE RolZlE oHTE AR ZHA
FA % W2 2 (ow dimensionality) & FH3R| = &3}
Atk Anpd o wa 4] Hol7]e] 9%E BAL 1]
2] Aot At o)A ATES FHEY B
A 24 (loss of neuronal complexity) & £33 Aao]m
22 4% B2 A4 Wsle B § LAY FA7 ¢
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wzk A g HuRA o] gloja] A B4 A
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a7F 7 2 W ool O Hu 53 o
Htkn Basigith
B a7 2o A2 ujdgA %) NPISIE o] 43}
o} Aol FokelR] Y Ful W] 4R HuE ¥4
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olitt. 1 A} 21749] 1H LA F 2070(95.2%) oA &
Ao vud x4 A& ISI¢] ZHAE Ko
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FAE 9L Ade] A }é
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L2® el ARFEL o]#jet H|A3
A AFA W BAe paa= Rae @J)r
A, AS BolA Fxbe] A F e Ash(ZHA
S, A, - Ag FHdA
Ak AFAQ) o] Wil $E QIS w3} wglel
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oA #2E C&akH X A
B)E 2)&Ao) x| gkgtont 7bd vy 360% A
o= EHd NPISIY #4AE Ko v] ol 2 o
LERs=

A xR 7P wE NPISIS) 742 1ol v Ay A}
019 91x] ¥AE= Table 304 Hi= vle} Zo] ul$- tjks
. F o A48 BA 23 Holx AN Ex 60%
(12/20) oM 2k 23 Yol 32 x4 3) Q3 3
19 w3t Ado] 7P w2 NPISI®) Z4E Rtk 5ol
SIS 20%(4/20) 9] BAbeME M 249 WHE o)
] iR AQ) Yx] 2] AdelA 71 wE MgkE =gl
=, ol A4S BF S5 dxst Ak olHE
A &, TJ 559 217827t MR 71gskA A
o gl= A N ﬁgi Zzgr), 78y, 39
o7 njAy v‘iwo} 712 *J_‘ B0 o2 EY e
st st 7hd %A L}EMFAE}
@4 As = % At AE 01 NPISI-"J el 3t

l

eletd 2 BS_I_EW vertex areaOﬂ Ko} s i]-\l}
vertex sharp transient®} sleep spindle) &
olch, Tt Al oTE Huke] MFS #HF

T 3101 ISIe] 717k B2 st BdA19) e 2T E
H‘:} THAoZ viE w2 A AdyHsE By 5 A
11, ©]Re] NPISIS] $23]¢] A%4Rl 7442 wigd &+ 3
om o]yt NPISI] Wg: 7H F8igh s3o] veht
+ central area®lA] 7FAZAd Wbyt e A
P % 9)E Ho|t}, vjAgA 3 EAMoAE o]ZA
2 Hag FEolR RHoA #EE ¢ Qe
ol A4kl Hste] mEo] A EtAY
3 FHE S Kol ASE HAS & &
7Ved g WA ¢ gl Aol AAE 49 X
AR Aol 7h whE NPISIS) #ishE ol g A
o HA7F 2k 249 dkgiSols LX) o] opd
3 FAZE G FHlen, 1 9= 0271 240, C4, FP1
o] z}z} lﬂ]i ‘/}E‘r‘;&‘i}. g ol U FF A
MEd on)E FoJsr|E ofF o2 o)L ¢ko g A%
A5k BHQOHO]C g At & 4 otk 2 A7 4
o}l o] x4 Bt o | o FglelA 3 A
W37} sl 710 diste] 2 7kAe] Aol oot o
L= o] o]&te] 744 F-d(subthreshold epileptic re-
cruitment) ol &J%t R o7 Agsh=u) YY) Wizt S}
o] 7AW AR RE HHe W] WHe} da Hef &
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Non-linear Periodicity of Inter-Spike Intervals

(4\1

g o R Hske AL 1HAHAY 47 AAE (remote
inhibitory control)©] Aa}e 7] WO 2 st
Ak A0 HE @72 W3l oigt B ik 3 o

L AgHow ke HURE F4e
==

Faeate] Rt o, W Qe 474

flo
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27 O ez

Z59] kA 1084 $95) ¥ SPECT (single photon

emission computed tomography) & Al&i&teitt? & 7

$ BE agse] FE WO Hefi] 2 HgFe  cTEITL 20014
* ARSI 1 20019
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