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Fig.1 The complexity measures for a segment of epileptic
EEG recordings. The vertical line represents the occurrence
time of the seizure. (A) The first-order C, complexity;

(B) The second-order C, complexity

BATTXF FDM Edls b 21 619 A 87 WK A% Bt
R SRR B T FIFE S SR . mTRUA Y, B
Co 524 5 BB 55 1t by 755 3 0 A A6 T 390 o P45 5 1)
BARHE . BETIX— RIVHISEIR £, AR T
— T n] BT R TR A (R B o i
(10 A SEVAELIE R H M AR ) 39 81 5 7 300 i b 504
(1 B Co ARPE AL RE R, JF U X R AR 4k,
A, I IR KA -

1.1 FNERHIETIAIE

Pl TS50 P P 0 5B 3 5 A A TR B
g F e, DRI, DRI FRAT AN ) fid R i
AT LI LB A B

T kAT > BT RO S, FRAT T A I AR
T LA 5 PR A 2R B AE 20~80 Hz % B AR Ak a4 5
. B2 T BCRFER A 256 Hz 15
B AERAERT (pre-ictal). KA FES  Getal) Al
KAERG  (post-ictal) [FIARGEE], M EATA LLE
oy ERAERTAURAEL R G, I 3 Z A b 7
20 Hz LA R4y, mide R AR, 20~80 Hz 41
RELPSE I B2 . XU IR & AERE, TR
HAE BB — M AR S AR B . A



1

SCAETVHE Co 5 2% B H0 0T 95 040 9850 0 Mo HL 5040 A
20~80 Hz [y il yE e AL #E,  SZ36 25 HAr i A

(A) . (B)
X 10.5

Pre-ictal x10°

10

10 20 30 40 50 60 70 80 90
Frequency (Hz)

10 20 30 40 50 60 70 80 90
Frequency (Hz)

BT B Co SR LRI S A7 T3 69

T B IIOR -

Ictal Post-ictal

10 20 30 40 50 60 70 80 90
Frequency (Hz)

Fig.2 Spectrum pattern in frequency domain. (A)~(C) Spectrum of epileptic patient in pre-ictal, ictal and post-ictal period
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Fig.3 Changes of the second-order C, complexity for patient No.l. The vertical real line represents the
occurrence time of each seizure and the vertical dashed line represent the prediction time. (A) Seizure 1 and
its PT (Prediction Time) =64 s; (B) Seizure 2 and its PT=52s; (C) Seizure 3 and its PT=44s; (D) Seizure 4

and its PT=48 s, with one false warning
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Fig.4 Implantation scheme with electrode configuration from a non-lesional patient with left

neocortical seizure onset zone
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Table 1 Clinical data and characteristics of selected patients

Patient Sex Age Seizure type H/NC Origin Electrodes  Seizures analyzed
1 f 15 SP,CP NC Frontal 2,8 4
2 m 38 SP,CP,GTC H Temporal d 3
3 m 14 SP,CP NC Frontal 2.8 5
4 f 26 SP,CP,GTC H Temporal d,g,s 5
5 f 16 SP,CP,GTC NC Frontal g8 5
6 f 31 CP,GTC H Temporo/Occipital d,g,s 3
7 f 42 SP,CP,GTC H Temporal d 3
8 f 32 SP,CP NC Frontal 2. 2
9 m 44 CP,GTC NC Temporo/Occipital 2, 5
10 m 47 SP,CP,GTC H Temporal d 5
11 f 10 SP,CP,GTC NC Parietal g8 4
12 f 42 SP,CP,GTC H Temporal d,g,s 4
13 f 22 SP,CP,GTC H Temporo/Occipital d,s 2
14 f 41 CP,GTC H, NC Fronto/Temporal d,s 4
15 m 31 SP,CP,GTC H, NC Temporal d,s 4
16 f 50 SP,CP,GTC H Temporal d,s 5
17 m 28 SP,CP,GTC NC Tmporal S 5
18 f 25 SP, CP NC Frontal S 5
19 f 28 SP,CP,GTC NC Frontal S 4

20 m 33 SP,CP,GTC NC Tempo/Parietal d,g,s 5
21 m 13 SP,CP NC Temporal g8 5

Sex: f-female, m-male; Seizure type: SP=simple partial, CP=complex partial, GTC=generalized tonic-clonic;
H/NC: H=hippocampus, NC=neocortical; Electrodes: g=grid, s=strip, d=depth

K FH A SO H () T 53201 FH Pt P i LA 5 1 #£ 1 TP (true positive) &7 1FAfi T X % ; FP
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Table 2 Prediction results of clinical data of epileptic persons based on the second-order complexity

Patient Number of seizures TPs Sensitivity (%) FPs MPT(s) (x£s)
1 4 4 100 1 52.0+8.6
2 3 3 100 1 44.0+10.4
3 5 5 100 3 36.0£11.8
4 5 5 100 4 64.0+12.6
5 5 5 100 2 41.6+6.0
6 3 3 100 1 45.3+9.4
7 3 3 100 1 60.0+13.1
8 2 1 50 1 40.0+0.0
9 5 5 100 2 79.2+32.2
10 5 5 100 3 52.0£31.2
11 4 4 100 2 84.0+27.9
12 4 4 100 3 79.0+20.1
13 2 2 100 2 84.0+40.0
14 4 3 75 0 53.0+5.0
15 4 4 100 1 60.0+21.4
16 5 5 100 3 41.6+7.8
17 5 5 100 1 56.0+12.1
18 5 4 80 3 87.0+£33.4
19 4 4 100 2 56.0+9.4
20 5 5 100 1 60.0+£19.1
21 5 3 60 0 49.3+1.9
Total 87 82 94.3 37 58.4+24.5
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Fig.5 Examples of missing warning. (A) The second-order C, complexity of one seizure

for patient No.8; (B) the second-order C, complexity of one seizure for patient No.21
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Table 3 Prediction results of clinical data of epileptic rats based on the

second-order complexity

Seizure number FPs Prediction time (s) MPT (s) Sensitivity (%)
1 0 75.0
2 0 31.3
3 0 56.3
4 1 43.8 51.6 100%
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Fig.6 The improved Lempel & Ziv complexity for a

segment of epileptic EEG recordings. The vertical line

represents the occurrence time of the seizure
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PREDICTION OF EPILEPTIC SEIZURES BASED ON SECOND-ORDER C, COMPLEXITY

BIAN Ning-yan', CAO Yang?,

WANG Bin,

Gu Fan-ji?, ZHANG Li-ming'

(. Department of Electronics Engineering, Fudan University, Shanghai 200433, China;
2. Department of Physiology and Biophysics, Fudan University, Shanghai 200433, China)

Abstract .

Seizure prediction is a topic of great interest in the clinical and basic neuroscience

communities. If we can successfully forecast the occurrence of epileptic seizures, clinical treatments such

as electrical stimulation or focal drug can be given on demand. Then the quality of life of many epilepsy

patients will be significantly improved. In the paper, a prediction algorithm based on the second-order C,

complexity was proposed to predict epileptic seizures.

The algorithm analyzed the second-order C,

complexity of intracranial EEG recordings from epilepsy patients to forecast the occurrence of seizures

automatically. Through the analysis and computation of intracranial EEG data from 21 epilepsy patients

with 87 seizures and 4 epilepsy rats with 4 seizures, the results based on the proposed algorithm showed

that the sensitivity of prediction was 94.3% and 100%, respectively. Experimental results indicate that the

proposed scheme has a good performance in predicting epileptic seizures, and it should provide significant

clinical efficacy.

Key Words: EEG; Epileptic seizures prediction; C, complexity; Second-order C, complexity
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