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Ongoing Dynamics
• a.k.a. “Resting State”

“Spontaneous activity”
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Multistability in Neural Networks

Observed in EEG/MEG and fMRI (diverse time scales)
“Resting” (no task) activity.



Multistability in Neural Networks
• It has been interpreted as different subnetworks transiently 

engaging with phase synchrony or coherence in one or more 
oscillatory bandwidths.

• Growing evidence suggests that this multi-stability allows the 
system to explore a large number of state configurations 
enabling an efficient coding of the ever-changing surrounding 
environment (Friston et al., 2012; Heitmann et al., 2012; 
Palmigiano et al., 2017). 

• The importance of this ‘itinerancy’ has been expressed many 
times as a mechanism to deal with sensory novelty and allow 
for learning (Skarda and Freeman, 1987; Nara, 2003; 
Rabinovich et al., 2008; Breakspear, 2017). 

• What is the origin of the dynamical diversity observed in 
neural systems?



• Multistability has been associated to:

• - delays in synaptic communication (Ghosh et 
al., 2008; Deco et al., 2009; Cabral et al., 2014; 
Lea-Carnall et al., 2016) 

• - multiple attractors can be found only within a 
certain range of the global coupling strength 
(Deco et al., 2009; Deco and Jirsa, 2012). 

• - network topology: multi-stability is lost when 
the connections are randomized (Cabral et al., 
2014) and role of the ‘rich club’ nodes (Gollo
et al., 2015).

• - What about dynamics?
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Dynamical mechanisms for Multistability

Heteroclinic cycling Chaotic itinerancy Multi-stable switching

Deterministic system Stochastic system
(“noise”)
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Huber-Braun + Ih model
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Orio et al., J Neurophys 2012;   Xu et al., Front Comp Neurosci 2017
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Synchronization behavior

Xu et al., Sci Reports 2018



Single neuron model
Chaos / no chaos
Synchronization in networks

Large scale brain dynamics



Functional connectivity dynamics
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FCD in deterministic simulations

Orio et al., Chaos, 2018



Stochastic model – channel noise
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Membrane area controls the
intensity of noise



Noise abolishes chaos-induced multi-stability

Orio et al., Chaos, 2018



Noise can induce multi-stability
in networks of non-chaotic
oscillators

Orio et al., Chaos, 2018



From regular to random
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Long-range connections abolish multistability



Además

•Análisis de la FCD en datos experimentales
• Registros de EEG en nivel del mar y en altura (hipoxia)
• Registros de fMRI



Propuestas de proyectos
• Revisitar o revisar el algoritmo de clustering. 

• ¿Utilizar análisis topológico?

• Estudiar el comportamiento de la FCD en modelos de masas 
neuronales.
• HB+Ih→ neurona oscilatoria.

• Electrical synapses→ naturally synchronizing

Jansen & Rit Wilson Cowan


