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Simulation Dynamics of Empirical Network Structure

Epilepsy

,An epileptic seizure is a transient occurrence of signs and/or symptoms
due to abnormal excessive or synchronous neuronal activity in the brain.”!

FitzHugh-Nagumo Model

du V3

gd_tk = Uk 3k Vp T O Z?Ll Gk]' [buu(uj o uk) T buv(vj — Vk)]
dv
—E=w +a+ 0 X Gy [buu (W — u) + buy (v — vi)]

1.5 - U(t)
1.0 -

N\

\

)
O
ég 0.0
O
> -0.5 /

—1.0 A

-1.5

—-2.0

SObO SZbO 54b0
Time steps

Rotational Coupling Scheme?: (

high clustering,
long paths,
full synchronization

Small World,
p=0.006,

high clustering,
short paths,
constant
synchronization

p=0.206

medium clustering,
short paths,
occurrence of
seizures,

realisitic brain
modeling

Random network,
p=1,

little clustering,
short paths,

noisy fluctuations of
synchronization

5600

5800

buu buv
bvu bvv

u: activator variable

v: inhibitor variab
€ =0.05 - timesca

a =0.5-thresholc

e

e separation

parameter

la] < 1 — oscillatory regime
G ;i - adjacency matrix

J
N=90

) B (—Cgisr1¢¢ igﬁ)

T

¢=E_O'1

¢ ——— Computer simulation

SRR,
R D
o AR d%5
o sV, <P
", QA N 2'S
" .='AI1 N5 o\
B A AN -
., NV NWava
5 Y Vava
", o N @avy)
" Y ¥
. (3 )
. oY Wty
" % R
., S <X
T, I} <D
o PR (I
" X4 <X
o ZA sy,
) "v A K ‘;’
., X7 J
. XA Pavey
", ""‘AA “nv‘%'
iy 'gn"‘ A0
", 'h’%;; 4“"'
", g “Qy Ay,
", U5 G2 Y ‘4'§b‘;'
., < Poo oA %y,
b Wavava’a b
QXK YRI5 1
. 1808 % Ve avaYa s S
R B e N B e e e i e e e e LU
| -
o =0.05 T
—
. ©
14 20 =
o E——
| -
0 E——
=
1
| -
—
—
[ ]
| | | | 1

‘nwwuv ___________________________
0 o =0.05
-10 -5 5 10 14

t(s)

Empirical complex network G;:

—_—
MRI —_ DTI
Scan i ConnECtiVity

weights Ay;

Matrixplot

Oscillators k 1

AR, .ﬁﬂ¢ ::F-" | 1
BN ";fi Tﬁé‘iﬂfi___f -1
ut -Er.ngﬁiliﬁ LE 1‘)
90 AAL \ N pEEEIN T
4 ) [t e S Ag

Areas . R . i1
Lo e :;__15_:1_:::!’

90 ?'1**“-; i WA L10-5

1 J 90
1+ wwwmwwwwwwmmmm
Global Phase Coherence ... . /M& [\ ......................

1 = |1 ¢
N(N—-1)/2 = thl R,
l>j O'— r I I I I
Global Kuramoto/; i IE e
| | I ] ] 74

Order Parameter . Ity j f
4 ]
2

i il
1 EN ' 11 1 II |
T Nk:l eld)k 23 'E"J}I ” Il :,I

——

30

\, &
il

5
1
5
9
7
3
1
9

D

il

52
1k i 3

|
I
I |
g
I
|
-10 -5 0 5 10 15 20

T o . cad NINALA A i Nghonr Sy oo oy 88

Electroencephalograph 75 - A A A AR ANARY AN .
(EEG) meas:remegnt o o e P R ey 74
= : A A AR AAARA e 70
e DI T e e
g VoA AR AAANARNAANR R s i T, 16
S i R OO0 e ) 6

(s
. e .
| e ; | I —ig
B [t - |
-10 -5 0 t(55) 10 15 20

Conclusion

A network of empirically coupled FitzHugh-Nagumo oscillators mimics
synchronization phenomena observed in epileptic seizures.

Small-world networks with small rewiring probability, short path lengths, and
high clustering, do not enable realistic brain modeling. Instead, realistic
seizure dynamics can be observed in a window of intermediate rewiring
probability around p=0.206. This challenges the classical view of the human
brain as a small-world network.

References

M. Gerster, R. Berner, J. Sawicki, A.Zakharova, A. Skoch, J. Hlinka, K. Lehnertz, and E. Schéll, “FitzHugh-Nagumo oscillators on
complex networks mimic epileptic-seizure-related synchronization phenomena”, Chaos 30, 123130 (2020).

1. R. Fisher, W. van Emde Boas, W. Blume, C. Elger, P. Genton, J. Engel, “Epileptic seizures and epilepsy: definitions proposed by the
International League Against Epilepsy (ILAE) and the International Bureau for Epilepsy (IBE)”. Epilepsia 2005.

2. 1. Omelchenko, O. E. Omel’Chenko, P. Hovel, and E. Schéll, “When nonlocal coupling between oscillators becomes stronger: Patched
synchrony or multichimera states,” Phys. Rev. Lett., 2013.

3. T. Chouzouris, I. Omelchenko, A. Zakharova, J. Hlinka, P. Jiruska, and E. Scholl, “Chimera states in brain networks: Empirical neural vs.
modular fractal connectivity,” Chaos, vol. 28, no. 4, 2018.

4. N. Tzourio-Mazoyer et al., “Automated anatomical labeling of activations in SPM using a macroscopic anatomical parcellation of the
MNI MRI single-subject brain.,” Neuroimage, 2002.

For more details, ,
please scan the QR code



mailto:moritz.gerster@posteo.de
Moritz Gerster


