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Computational Model of the Development of Dissociative Disorder

Due to a Failure of Information Flow Process in the Brain

KR dm (IFEXREKRE) EHEX (FXEXE)
Satsuki Otsuki (Juntendo Univ.), Keita Tokuda (Juntendo Univ.)

Dissociative disorder is characterized by various symptoms, such as the loss of normal
integration of memories, consciousness, awareness of identity, somatosensory sensations, and
control of body movements, induced by stress. The pathological understanding of dissociative
disorders remains unclear, and the detailed neural basis is not yet fully elucidated. In the
disruption of and behavior it ion in di disorders, it is believed
that there is a failure of information transmission between specific neural circuits in the brain,
such as between the amygdala and other brain circuitries [1]. In this study, based on the
currently known neural bases associated with dissociative disorders, we aim to develop a
dynamical model that describes the computational mechanism of how the failure of
information transr jon arises as a result of neural interactions.

Dissociativi

Symptoms Dissociative disorder is caused by strong mental
- Dissociative amnesia stress, and i with patient’s pe i

- Depersonalization and consciousness that are not integrated. It is
* Dissociative identity disorder (DID) | believed that there is a failure of information
= Conversion Disorder transmission between specific neural circuits in the
brain, such as between the amygdala and other brain
circuitries.

We assume that failure of information
transmission between specific regions in the
brain may cause symptoms such as amnesia
and personality change. Furthermore,
spontaneous transition between the
information routing patterns may explain the
phenomena such as transition between
| | multiple personalities in DID.

Therefore, we examine whether a model of
integrated failure due to inhibition of
information _transmission _can _be created
e Large iformation i USING the findings of the following previous
studies.

Personality A

-+ Smallinformation flow

Previous studies found that multiple information sharing and routing patterns of
information flow between neurons emerge in collective dynamics [2, 3]. Yamaguchi
et al. found that the effective direction of information transmission changes
dynamically due to the switching of the phase difference between the two
nonlinear oscillators [2].

To examine if their findings can be a good candidate of the model of DD, we
increase the system size of the model in Yamaguchi et al and examine the
spontaneous transition between multiple patterns of information routing can be
observed as well,

System dynamics

System dynamics is given by

X; = F(X;) + K (X — X),

where
-y +7)
Fx)=| =x+ay
b+z(x;—c)
represents the dynamics of an uncoupled brain region modelled with the
Rossler system. The matrices Kj, is the connection matrix.
(Parameter values: a=0.15, b=0.2, c=10. )

Network architecture

Group 1 Group 2
(N=8) (N=8)

Network (N = 16) is divided into
two groups, 8 nodes each.
Variable x of all nodes within a
network connect to each other.
All x variables connect to y in the
other group.

(kxx= 0.0025, ky, = 0.002)

Abstract

Wavelet transform

The phase relation of several oscillatory systems provides useful information about
the dynamic relationship between interacting systems. We determine the
instantaneous phases 6;(t)(j = 1,2,...,N) of the chaotic oscillators by means of

wavelet transform:
4o

wen= [ #Emas,

where ¥ ¢ (s) is a complex conjugate of the Morlet wavelet defined at frequency

fand time ¢t by:
2
Tog
(parameter value: £=0.16).

The phase difference between chaotic oscillators is defined as
@21(t) = 62(t) — 6, (t) (mod 2).

Transfer entropy (TE)
S pij (61 + DIBL(0), 65 )
g™ 20,0+ DJELO)

Between same groups

exp(i2nf (s —t)) exp (7 ﬂ)

Prr(s) = 707

(62 +7), 84, 67°(®)) log

5 x10%4

State 2

Between different groups

x10°

%020 100

Transfer entropy Transfer entropy

Discussio

We confirmed that the spontaneous switching between the routing patterns of
information also occurs in interacting multiple nonlinear oscillators reflecting the
phase difference between the systems. Dependence of model behavior on
parameter values such as the connection strength should be elucidated further.
We also plan to incorporate the interaction between the system and the
Surrounding i 1t, because the i is thought to be one of the
crucial factor in development of dissociative disorder.
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