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Cortical Information Transmission during Tic Suppression
in Boys with Tourette’s Disorder
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Yukyoung So, MA!, Min Kyung Chu, MD?, Kee Namkoong, MD' and Jaeseung Jeong, PhD*
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jDeparz‘mem‘ of BioSystems, Korea Advanced Institute of Science and Technology (KAIST), Daejeon, Korea
4Department of Psychiatry, Institute of Behavioral Science in Medicine,

Yonsei University College of Medicine, Seoul, Korea

Objectives : Tourette’s Disorder (TD) is a chronic neuropsychiatric disorder characterized by multiple motor and vocal tics
with onset in childhood. The aim of this study was to ascertain the increased cortical information transmission in frontal area
during tic suppression in drug naive boys with TD using new nonlinear analysis of EEGs, be called Transfer Entropy (TE)
which can detect the directed exchange of information between two systems.

Methods :

Subjects were 11 drug naive boys with DSM-IV diagnosis of TD and 10 control boys. Clinical assessments were

performed, and EEGs were recorded from 19 scalp loci of the international 10—20 systems. TE was estimated by EEG time-
series data after noise reduction. TE difference between TD and control during resting state and between tic suppression and

resting state in TD were investigated.

Results . Elevated TE was found in extensive channels, including frontal, central and temporal channels (F7, Fz, F8,Cz, C3, P3,
T3, and T4) in resting state of Tourette’s disorder compared to normal controls. During tic suppression elevated TE was found
in more extensive and asymmetrical channels especially prefrontal area (Fpl, Fp2, F3, Fz, F7, F8, Cz, C4, C5, T3, and T4) .

Conclusion : These findings suggest that pathogenesis of Tourette’s disorder involve impaired cortical neuronal modulation
in subcortical neural circuits. EEG analysis of TE may be a useful tool to investigation of cortical mechanism of psychiatric

illness. (J Korean Neuropsychiatr Assoc 2007:46(1):71-78)
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Table 1. Demographic and clinical characteristics of the subjects

Tourette’s Normal
disorder (N=11) control (N=10) p
(Mean=S.D) (Mean=8.D)
Age (year) 9.64+ 1.21 9.50+ 1.51 0.233
1Q
vIQ 1156362994  11040+1295 0.384
PIQ 10291+ 9.31 101.30+£24.65 0.356
Total 10555+1020 107.10£12.74  0.365
YGTSS Not assessed
Motor tic 139+ 205
Ponic tic 9.1+ 6.01
Disability 280+ 6.05
Total 51.0+12.30
Onset age (year) 7+ 205 Not assessed
Comorbidity (N) None
ADHD 3
None 8

VIQ : Verbal 1Q, PIQ : Performance 1Q, YGTSS : Yale Global Tic
Severity Scale, ADHD : Attention Deficit Hyperactivity Disorder

Table 2. Difference of mean TE values between Tourette’s disorder and normal control in resting state

ol Fo2 F7 F3 F2 F4 F8 C3 Cz C4 P3 Pz PA T3 T4 15 16 O O2
Fol ~01 013 004 008 001 003 000 000 005 011 017 —013 024 008 0.19 —003 009 0.
fp2 000 014 008 014 005 011 008 0.17 -0.11 —0.07 026 004 015 016
F7 010 007 007 018 018 022 011 017 -0.08 003 028 007 017 02
3 006 005 0.1 016 013 0.8 007 018 —0.08 —0.03 14 028 008 019 021
Fz 004 008 019 014 015 021 01 023 -003 001 031 021 032 012 025 026
A 000-0 019 011 0.6 0.1 011 022 -004 000 035 022 032 011 021 023
B 000 Q01 021 013 02 009 012 026 -003 001 042 024 037 015 026 028
C3 000 002 008 006 012 012 0.8 0 009 01 -009-004 022 014 021 004 0.14 0.19
Cz 001 001 001 001 001 001 002 001 001 002 O 001 002 002 003 002 003 003
C4 004 003 015 008 013 015 017 007 00 019 -005 000 03 02 029 011 02 024
P3 005 007 014 013 0.8 018 024 006 000 0.3 ~004 003 031 022 028 01 021 02
Pz -01 -01 002 000 007 005 009 -004 000 002 006 ~010 019 006 017 -003 006 0.1
P4 -01 -01 005 004 01 008 011 000 000 005 012 —0.11 024 01 023 -002 011 016
3 011 013 017 016 021 024 032 010 001 017 006 028 034 016 027 03
4 003 005 017 011 018 02 024 O 015 022 -005 001 0.35 031 013 021 026
5 007 009 018 Q15 021 02 017 009 000 015 02 -002 00 033 024 013 019 03
6 01 -0 007 006 012 011 016 001 000 009 0.1 -012 —-0.09 025 015 02 007 0.5
Ol 004 004 015 013 019 016 023 008 001 013 02 -006 000 033 02 025 006 026
02 004 004 017 013 02 018 024 010 001 015 023 -003 003 037 023 035 012 026

TE : Transfer Enfropy,
color of the cell
nel of left colum

the channet of upper horizontal line

74

Background color of the cell[ ] : significantly increased TE by Wilcoxon signed rank test (p<0.05), Background
significantly decreased TE by Wilcoxon signed rank test (p<0.05), Direction of information flow : from the chan-
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Fig 1. Cortical information flow in resting state of Tourett's disorder
compared with normal control. Biack line : Direction of signifi-
cantly, Increased information flow between 2 electrodes. Gray
line : Direction of significantly, Decreased information flow bet-
ween 2 electrodes. Dot line : Bidirection of information flow in
2 electrodes.
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Table 3. Difference of mean TE values between tic suppressed state and resting state in Tourette’s disorder

Fpl Fp2 F7 F3 Fz F4 FB C3 Cz C4 P3 Pz P4 T3 T4 T5 T6 o1 02
Fol -0.01 018 009 015 02 029 007 000 0315 -005 004 003 012 027 -012 006 —-0.15 -0.07
Fp2 007 0.12 000 001 007 017 -004 000 004 -0.18 —0.06 ~0.10 —0.01 .
F7 0.17 -0.02 022 021 022 020 017 000 023 010 013 013 031 038 005 01 002 007
F3 0.06 -0.11 023 008 013 017 .08, 014 -002 005 003 011 024 -0.08 0.07 -0.11 -0.04
Fz 0.17 -0.10 025 0.09 012 020 007 000 013 -002 006 004 015024 -008 009 -0.10 -0.02
F4 022 -001 025 015 0 019 008 000 013 -0.03 006 002 0.15 018 -009 003 -011 -0.06
F8 029 007 022 017 016 018 0.09 000 016 000 006 002 0.15 018 -01 003 -0.14 -007
C3 008 -0.13 024 011 G0Y 01 013 000 011 -001 003 004 012
Cz 0 -001 002 000 001 O 001 000 001 -002 O 0.00 001
C4 012 -010 023 013 G1 011 014 007 000 000 003 000 0.12 0.031 -0.20
P3 0 -025 019 004 004 003 004 003 000 007 -0.04 -002 007
Pz 005 -017 02 008 007 007 009 004 000 008 -0.1 0.00 008
P4 004 -020 02 006 006 004 006 005000 005 -01 001 0.07
13 0t -013 029 011 011 032 0313 007 000 013 O 0.04 0.02 026 -003 009
T4 0.19 -0.08 033 G115 015 011 011 . 0.16 0.08 005 021 -002 006
15 0 -0.27 018 002 002 001 001 000 000 006 0.07 -0.09 0.08 0.14 -0.03 .
T6 009 -015 027 031 031 007 009 008 000 009 -01 O -~001 016 017 -0.08 -0.10 -0.07
Ol 0 -0.17 016 003 003 002 0017 000 000 005 —-01 -005-008 0.06 0.14 —-0.19 -0.03 -0.16
02 001 -023 018 006 006 003 003 000 000 007 -01 -004 -007 008 015 —-0.19 -0.03 -0.21

TE : Transfer Entropy,
color of the cel
channel of left column to the channet of upper horizontal line
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Fig. 2. Cortfical information flow in tic suppressed state compared
with resting state in Tourette’s disorder. Black line : Direction of
significantly, Increased information flow between 2 electrodes.
Gray line : Direction of significantly, Decreased information flow
between 2 electrodes. Dot line : Bidirection of information flow
in 2 electfrodes.
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—0.644), F2—>C4(CC=-0.695), F3—->T3(CC=-0.654)
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