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Abstract

Objectives : The hypothesis that the brain is a nonlinear dynamical system exhibiting deterministic chaos
has offered new perspectives to the investigation of information processing in the brain of schizophrenic
patients. It seemed worthwhile to estimate nonlinear measures of the electroencephalogram (EEG) in
positive and negative schizophrenics, because nonlinear measures might serve as indicators of the specific
brain function in schizophrenia according to specific psychopathologies.

Method : Previous studies which estimated the chaoticity in the brain of schizophrenia with nonlinear
methods recorded the EEGs at limited electrodes, so we tried to record EEGs from 16 channels for
nonlinear analysis in 8 positive and 9 negative schizophrenics and 8 healthy control subjects. We employed
a new method to calculate the nonlinear invariant measures. For limited noisy data, this algorithm was
strikingly faster and more accurate than previous ones.

Results : Our results showed that the patients with negative schizophrenia had lower the first positive
Lyapunov exponents (Li) than the positive schizophrnics and control subjects at Ts lead. Positive
symptoms were positively correlated with L, in Cs, O leads, and negatively correlated with C. lead.

Conclusion : These results suggest that if clinical variables such as psychopathology or neuroleptic
medications would be well controlled, the nonlinear analysis of the EEGs in patients with schizophrenia
seems to be a useful tool in analyzing EEG data to explore the neurodynamics. (Sleep Medicine and
Psychophysiology 5(2):185-193 1999)
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Table 1. Demographic & clinical data (mean + SD)

MBS 2R} D) HIME %5 24

Positive Negative Control
schizophrenia schizophrenia
(N=8) (N=9) (N=8)

Gender

Male 5 6 3

Female 3 3 5
Age(years) 293+ 7.8 248 + 538 31.1+40
PANSS score

Positive scale® 29.6 + 48 232+ 67

Negative scale 236 +59 292+ 56

General 49.1 + 141 563 + 84

Psychopathology
Dosage of neuroleptics
(Chlorpromazine equivalent: mg) 165.5 £ 2713 357.3 £ 266.2

*Mann-Whitney U test (P { 0.05)

Table 2. Lyapunov exponents in patients with positive, negative schizophrenia and control subjects.

Subjects Positive Negative Control
schizophrenia schizophrenia Significance
Lead (N=8) (N=9) (N=8)
position (P)
Mean SD Mean SD Mean SD

Fp: 4.04 036 345 0.60 3.73 0.37 NS
Fp2 381 042 383 0.74 391 0.59 NS
F, 4.06 0.27 3.57 071 3.69 0.83 NS
Fs 3.87 0.39 374 099 3.82 0.61 NS
Fr 402 037 395 045 459 0.88 NS
Fs 4.11 036 4.11 053 434 041 NS
T3 3.72 0492 320 0.48b 395 040 <0.05*
Ts 4.03 0.65 435 055 401 0.63 NS
Ts 440 031 4.14 048 412 0.72 NS
Te 390 0.73 417 071 428 0.51 NS
GCs 3.85 040 3.37 046 3.94 0.67 NS
Ca 4.14 042 422 039 4.11 046 NS
Ps 4.48 0.28 4.00 0.66 435 038 NS
| 423 0.65 4770 036 444 0.51 NS
O 425 0.39 3.65 0.67 3.99 046 NS
02 3.87 0.66 3.70 0.89 361 0.73 NS

*Kruskal-Wallis H test with Mann-Whitney U test as a posthoc test

(b<a : P<0.05, b<c P<0
NS: not significant

0D

Table 3. Comparison of summation of the largest Lyapunov exponents in patients with positive and negative
schizophrenia and control subjects by topographic distribution.

. Positive Negative Control
Subjects schizophrenia schizophrenia (N=8) Significance

Lead (N=8) (N=9) ®)
Position Mean SD Mean SD Mean SD

Frontal 394 0.17 3.65 054 3.79 0.06 NS

Temporal 4.03 0.36 4.00 0.39 421 048 NS

Central 3.99 030 3.79 031 402 044 NS

Occipital 421 0.36 401 045 4.10 0.38 NS

NS: not significant
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Table 4. Comparison of summation of the largest Lyapunov exponents in patients with positive and negative
schizophrenia and control subjects by hemispheric topographic distribution.

) Positive Negative Control
Subjects schizophrenia schizophrenia - Significance
Lead (N=8) (N=9) (N=8)
Position *
Mean SD Mean SD Mean SD
Right
Frontal 3.84 028 3.79 0.81 3.86 0.57 NS
Temporal 401 043 421 046 421 049 NS
Central 4.14 042 427 039 4.11 046 NS
Occipital 4.05 0.60 420 046 4.03 057 NS
Left
Frontla 4.05 025 3.57 0.62 371 0.67 NS
Temporal 340 0.32 3.76 040 422 055 NS
Central 3.85 040 337 046 394 0.68 NS
Occipital 437 030 3.83 0.60 4.17 0.36 NS

NS: not significant

Table 5. Comparison of summation of the largest Lyapunov exponents in patients with positive and negative

schizophrenia and control subjects by hemispheric difference.

Positive Negative
i . . . . |
Subjects schizophrenia schizophrenia C:\):tgo Significance
Lead (N=8) (N=9) (N=8) )
Position Mean SD Mean SD Mean SD
Left hemiphere 410 0252 367 0.44b 405 044 0.05"
Right hemisphere 399 035 4.10 039 406 048 NS

Kruskal-Wallis H test with Mann-Whitney U test as a posthoc test (b<a : P<0.01)

NS: not significant
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Tabie 6. Correlation of psychopathology by Positive and Negative Symptoms Scale(PANSS) and first positive
Lyapunov exponent in patients with schizophrenia (Spearman’ s correlation coefficient, rho).

Lead PANSS Positive symptom Negative symptom General psychopathology

position
Fp 0.36 0.19 0.14
Fp2 042 034 0.12
F, 033 0.11 0.16
Fa4 -0.12 -0.28 -0.19
Fr 0.18 0.52 0.24
Fs -0.03 0.71 0.22
T3 045 -0.01 0.06
T4 0.07 0.13 025
Ts 0.27 0.15 -0.17
Ts 021 0.06 0.15
Cs 0.54* 0.06 0.09
Cs -0.51* 042 -0.02
P; 029 -0.02 -0.14
Ps -0.48 -0.03 -0.07
O 057" 001 0.02
(673 0.14 0.06 0.38

*Correlation is significant at the 0.05 level (2 tailed).
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