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As the most complicated information processing system in nature, our mysterious brain is composed of nearly
100 billion neurons that conduct signals via thousands of times more synapses. From a dynamic perspective, the
brain behaves highly nonlinearly and can generate a variety of self-organized dynamical states, such as rhythmical
oscillations [1], neuronal avalanches [2] and chimeras [3-5]. Among them, the chimera state is believed to be one of
the most counterintuitive phenomena and was initially referred to as the coexistence of synchronous and asynchronous
behavior in a symmetry-coupled oscillatory system [6]. In particular, the emergence of this specific self-organized
cortical state is not only associated with several normal brain functions [7,8] but also linked to several mental disorders
[9].

A deep understanding of the neural mechanisms involved in chimera states promises to unlock the secrets behind
both normal and abnormal dynamics in the brain. In this context, computational models of neuronal chimera states
try to reproduce the mixed coexistence of coherent and incoherent dynamics in the brain [3-5]. Importantly, modeling
chimera states in neuronal networks may not only provide a theoretical basis of neuronal chimera states but also direct
further experimental investigations. However, although previous simulations have identified that the emergence of
neuronal chimera states might be due to diverse factors [3-5], a sufficient literature review to systematically integrate
these contributing factors and establish a theoretical framework for neuronal chimeras is still lacking.

Luckily, a timely literature review from M. Perc et al. summarized some recent studies investigating the origination
of chimera-like states in neuronal systems [10]. In particular, the authors showed that chimera states can appear in
either purely electrical-coupled or purely chemical-coupled networks with both identical and nonidentical spiking
model neurons [3,11]. Under suitable conditions, such a brain state has also been observed in neuronal networks with
hybrid electrical and chemical couplings [4]. Remarkably, M. Perc et al. further noted that several synaptic-related
parameters, such as synaptic transmission delay and coupling strength, may significantly impact and modulate the
chimera states generated in neuronal networks [12—14]. Among these parameters, the synaptic transmission delay due
to both the finite propagation speeds and time lapses associated with synaptic processing has been considered a critical
intrinsic regulatory factor that participates in controlling chimera states, even though such states have been observed in

DOI of original article: https://doi.org/10.1016/j.plrev.2018.09.003.
* Corresponding author.
E-mail address: dqguo@uestc.edu.cn (D. Guo).

https://doi.org/10.1016/j.plrev.2019.02.004
1571-0645/© 2019 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com
https://doi.org/10.1016/j.plrev.2019.02.004
http://www.elsevier.com/locate/plrev
https://doi.org/10.1016/j.plrev.2018.09.003
mailto:dqguo@uestc.edu.cn
https://doi.org/10.1016/j.plrev.2019.02.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.plrev.2019.02.004&domain=pdf

D. Guo, D. Yao / Physics of Life Reviews 28 (2019) 122—124 123

neuronal networks with and without synaptic delays [11—-14]. Their comprehensive review emphasizes the functional
significance of synaptic interactions in controlling neuronal chimeras and builds the static synaptic basis of chimera
states in the brain.

Furthermore, noise serves as an inherent part of neuronal dynamics and is ubiquitous in the brain [15]. In addition to
the synaptic-related parameters mentioned above, M. Perc et al. also believed that neuronal noise is another important
factor that largely regulates the chimera states in the brain [10], an idea supported by sufficient computational studies
[5,16]. For instance, in [16], the authors investigated the effect of noise on the emergence of chimera states in purely
electrical-coupled neuronal networks, and their results indicated that neuronal noise may perform a constructive role
for the temporal motion of the chimera states. In another example, the authors in [5] studied the chimera-like states in
a neuronal network model of the cat brain. The authors clearly observed that a small level of neuronal noise had no
significant effect on the chimera-like states but that strong neuronal noise was able to suppress neuronal chimeras via
desynchronization. Further simulations also revealed that the bursting chimera-like state is more robust to noise than
the spiking chimera-like state.

Note that although the first observation of coexisting coherence and incoherence patterns was discovered in non-
locally coupled phase oscillators, such chimera states may appear in neuronal networks with different structures. As
M. Perc et al. mentioned in this literature review [10], chimera states have been commonly observed in neuronal
networks with local, nonlocal and global topologies. In addition, chimera states have also been found to be able to
emerge in multilayer neuronal networks [14]. Overall, these findings provide computational evidence that neuronal
chimeras are a generalized brain state and may be observed in different brain regions, as their emergence does not
highly rely on the network structures.

To deepen our understanding of the underlying mechanisms of chimeras in the brain, we must be cognizant that
there are still several challenges that need to be solved urgently. First, the current computational models of neuronal
chimera states are too simplified and highly idealized. Several important intrinsic biological factors, such as synaptic
plasticity and neuronal excitability [1], are not considered in these models. An increasing number of studies have
confirmed that these biological factors are critical for triggering and modulating both synchronous and asynchronous
oscillations in neural systems [17]. However, whether these intrinsic factors also take part in the emergence and
regulation of neuronal chimera states remains unknown and is a question that can be tested in future modeling studies.
Second, the current modeling studies mainly considered chimera states in neuronal networks with spiking dynamics
[3-5,11-14]. Such models are often used to simulate the population dynamics of neurons from a local brain region.
Examining whether chimera states can be observed at different spatiotemporal scales remains a challenge. Third,
in addition to chimera states, our brain can also generate other self-organized neuronal activity, such as neuronal
avalanches, irregular firing and stochastic oscillations [2]. Recent studies have shown that the coexistence of some of
these different behaviors can ensure the high-efficiency information processing of the brain [18]. A comprehensive
theoretical framework that incorporates these brain states together will surely be rewarding in future modeling studies.
Finally and most importantly, the current studies on chimera states are mainly based on computational models. To
date, there are only a few pieces of experimental evidence supporting the existence of this specific self-organized
collective neural activity in the brain [7,8]. Further experimental verifications are needed using electrophysiological
data recorded at different spatiotemporal scales.

In summary, computational modeling provides an effective approach to investigate the mechanisms of chimera
states. The literature review contributed by M. Perc et al. systematically integrates the current modeling results on
neuronal chimeras and, for the first time, establishes a theoretical basis of chimera states in the brain [11]. Neverthe-
less, further investigations with both realistic computational models and well-designed experiments are required to
explore more detailed neural mechanisms of chimera states in future studies.
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