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​ prof. RNDr. Luděk Matyska, CSc.​

Thesis: Techniques for Implementation of Neural Mass Models: Achieving both Efficiency 
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2015 ​ RNDr. ​ Faculty of Informatics, Masaryk University, Brno, Czech Republic  
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⠶​ Current position(s) 
2023 - present   Junior staff scientist ​
Applied Neurosciences Research Group of prof. MUDr. Irena Rektorová, Ph.D. 
​CEITEC, Masaryk University, Brno, Czech Republic 

⠶​ Previous position(s) 
2018 - 2023  ​ Postdoctoral Researcher 
​Theoretical Neuroscience Group of Viktor Jirsa, Ph. D.​
Institut de Neurosciences des Systèmes, Aix-Marseille University, France 

RESEARCH ACHIEVEMENTS AND PEER RECOGNITION  

Research achievements in past 5 years 
⠶​ Publications: 13 journal articles, Citations : 208 | h-index: 7 (Scopus) 

My research has systematically advanced whole-brain modeling approaches for understanding brain 
dynamics in health and neurodegenerative disease. During my postdoctoral fellowship in the group of Viktor 
Jirsa (Institut de Neurosciences des Systèmes, Aix-Marseille University, France) I have expanded my 
expertise in computational models of brain activity. During this period, I conducted whole-brain modeling 
research on mechanisms of resting state brain dynamics, its changes during aging and across states of 
consciousness. I demonstrated how neuronal cascades shape whole-brain functional dynamics at rest 
(Rabuffo et al., 2021) and established that symmetry breaking is a fundamental principle organizing the 
brain's resting state manifold (Fousek et al., 2024). My work extended to characterizing aging trajectories 
more broadly (Lavanga et al., 2023). Building on this understanding of spontaneous brain activity, I 
investigated how the brain responds to stimulation providing new methods for quantifying consciousness 
outside of perturbation paradigms (Breyton et al., 2024, eLife). Parallel to these scientific applications, I 
contributed to developing the core simulation and inference technologies that enable personalized 
whole-brain modeling and making these tools accessible to the broader research community (Hashemi et al., 
2024). I also served as the Coordinator of the implementation of the scientific showcases for the Human 
Brain Project, an European Flagship project pioneering digital neuroscience paradigm. This role involved 
extensive interdisciplinary collaboration and coordination across multiple research institutions. 

⠶​ Rabuffo, G., Fousek, J., Bernard, C., Jirsa, V. (2021). Neuronal cascades shape whole-brain 
functional dynamics at rest. eNeuro, 8(5). doi: 10.1523/ENEURO.0283-21.2021​
Here we show in a whole-brain model of a mouse brain, that connectome-coupled neuronal 
populations give rise to cascades of firing rate fluctuations and show how these relate to empirically 
observed patterns of resting state activity. This paper was developed in parallel with the symmetry 
breaking work in close collaboration with Giovanni Rabuffo. (83 citations) 

⠶​ Fousek, J., Rabuffo, G., Gudibanda, K., Sheheitli, H., Petkoski, S., Jirsa, V. (2024). Symmetry 
breaking organizes the brain's resting state manifold. Scientific Reports, 14(1), 31970. doi: 
10.1038/s41598-024-83542-w​
We show how the structure of the whole-brain connectivity gives rise to the cascading spontaneous 
brain activity. This paper was developed in parallel with the neuronal cascades work and provides 
the theoretical explanation of the phenomenon.  (23 citations) 
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⠶​ Lavanga, M., Stumme, J., Yalcinkaya, B. H., Fousek, J., Jockwitz, C., Sheheitli, H., ... & Jirsa, V. 
(2023). The virtual aging brain: Causal inference supports interhemispheric dedifferentiation in 
healthy aging. NeuroImage, 283, 120403. doi: 10.1016/j.neuroimage.2023.120403​
In a collaborative effort with neuroscientists (experts on ageing) we have developed a mechanistic 
model linking together structural deterioration of the white matter (connectivity), and the observer 
functional alterations and cognitive decline. This work was built on my work on the resting state 
model, I supervised the modeling efforts. (49 citations) 

⠶​ Breyton, M., Fousek, J., Rabuffo, G., Sorrentino, P., Kusch, L., Massimini, M., ... Jirsa, V. (2024). 
Spatiotemporal brain complexity quantifies consciousness outside of perturbation paradigms. eLife, 
13:RP98920. doi:10.7554/eLife.98920.2​
In collaboration with the clinical neuroscientists we have developed resting-state signatures of levels 
of brain consciousness as powerful as established stimulation-based paradigms. This work was also 
built on my work on the resting state model, I designed the initial version of the stimulation 
modeling workflow. (14 citations) 

⠶​ Hashemi, M., Ziaeemehr, A., Woodman, M. M., Fousek, J., Petkoski, S., Jirsa, V. K. (2024). 
Simulation-based inference on virtual brain models of disorders. Machine Learning: Science and 
Technology, 5(3), doi:10.1088/2632-2153/ad6230​
This work developed a novel approach for estimation of the model parameters from empirical data 
utilizing probabilistic machine learning techniques, which the field has been using across various 
applications since. I contributed to the design and implementation of the SBI workflow. (20 
citations) 

After my postdoc in Marseille, I continued the streams of research independently during my MSCA 
fellowship in Brno, gradually moving to a leading and supervision role. I developed a personalization 
workflow for neurodegenerative diseases using response to noninvasive stimulation as a datafeature, and 
validated it on stratification of patients with Alzheimer’s disease. I am currently preparing a manuscript in 
collaboration with the group of prof. Giacomo Koch (Fousek, in preparation). I have led a group of students 
of EITN summer school in Computational Neuroscience in developing an extension to our whole-brain 
model of the aging brain to explain changes during slow wave sleep (Lupi et al., 2024). Building on the 
empirical data acquired in Brno and my expertise of informative dynamical signatures of resting state 
activity, I have supervised the investigation of the prodromal Lewy Body Disease cohort. We have 
established in empirical data the relationships between the dynamics of resting state, locus coeruleus 
degeneration, and cognitive performance (Mitterová et al., 2025, Výtvarová et al., 2026). This work lays 
groundwork for mechanistic modeling, which is currently being done. In particular, this model builds on our 
previous work in incorporating neuromodulation as a key mechanism (Dalla Porta, 2025). 

Despite these achievements in advancing whole-brain modeling, simulation technologies, and their 
application to neurodegenerative diseases, it has become clear to me that we will not be able to tackle the 
heterogeneity of neurodegenerative diseases without incorporating specific cognitive deficits in our models 
(Senden et al., in prep). This recognition motivates my current research direction toward cognitive 
computational neuroscience in neurodegeneration. 

⠶​ Lupi, E., Di Antonio, G., Angiolelli, M., Sacha, M., Kayabas, M. A., Alboré, N., ... Fousek, J. 
(2024). A whole-brain model of the aging brain during slow wave sleep. eNeuro, 11(11). doi: 
10.1523/ENEURO.0180-24.2024​
We have modified and extended the aging model from Lavanga et al to explain changes to slow 
wave sleep EEG characteristics across the healthy aging trajectory. This work was performed by a 
group of students under my supervision (shared last author). We continued the work as a distributed 
team after the end of the summer school to successful paper acceptance.  

⠶​ Mitterová, K., Výtvarová, E., Kovářová, A., Lamoš, M., Fousek, J., & Rektorová, I. (2025). Early 
functional changes in lewy body dementia: roles of dynamics, locus coeruleus, and compensation. 
Alzheimer's Research & Therapy, 17(1), doi: 199. 10.1186/s13195-025-01828-1​
Together with my colleagues from the Applied neuroscience group we provide a comprehensive 
treatment of the relationship between structural alterations, changes in brain dynamics (fluidity) and 
cognitive decline in prodromal LBD. I have co-led this work (shared last author), provided the 
implementation of the analysis, and motivated the systems’ approach from the perspective of 
whole-brain models. 

⠶​ Výtvarová, E., Mitterová, K., Angiolelli, M., Kovářová, A., Minsterová, A. Š., Brabenec, L., Lamoš, 
M., Sorrentino, P., Rektorová, I. & Fousek, J. (2026). EEG dynamics in Lewy body diseases is 
related to clinical fluctuations and degeneration of locus coeruleus. bioRxiv, 2026-01. doi: 
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10.64898/2026.01.20.700527​
In this follow-up paper we have collaborated with neuroscientists experienced with another 
spontaneous activity metric (neuronal avalanches) in order to establish changes in the prodromal 
DLB unaffected by compensatory effects. I have established the collaboration and co-led this work 
(shared last author).  

⠶​ Dalla Porta, L., Fousek, J., Destexhe, A., & Sanchez-Vives, M. V. (2025). Cholinergic heterogeneity 
facilitates synchronization and information flow in a whole-brain model. bioRxiv, 2025-10. doi: 
10.1101/2025.10.28.685048​
To complement our work on connectivity constraints to the dynamics of resting state activity, we 
have analyzed how regional heterogeneity (cholinergic receptor density) affects information flow 
between brain regions and enables co-existence of localized sleep-like activity within otherwise 
awake-like states. I have contributed to the development of the model and provided the background 
in modeling of resting state dynamics. 

⠶​ Senden, M., Dalla Porta, L., Fousek, J., Zamora-Lopez, G. Functional Whole-Brain Models: A New 
Framework for Unifying Brain Structure and Cognitive Function, submitted to arXiv​
In this perspective paper, together with my collaborators we argue for the unifying step towards 
unifying mechanistic models of brain activity with neuroconnectionist deep neural networks capable 
of performing cognitive tasks. This perspective grounds the work laid out in this proposal.  

Peer recognition 
My work has been recognized through competitive funding and invitations to present at major international 
conferences. I have secured multiple grants and fellowships supporting my research agenda. The most 
significant is a 2023-2025 MSCA Individual Fellowship (HORIZON-WIDERA-2022-TALENTS) for 
"Personalizing virtual brains with neurodegenerative disease: noninvasive stimulation approach," with the 
aim of establishing parameter identifiability in model-based inference with noninvasive stimulation in 
Alzheimer's disease. In 2024-2025, I received funding from Czech-Bioimaging open call for "TMS-EEG for 
virtual brain personalization" to prototype TMS-EEG experimental protocol for virtual brain personalization. 
I obtained a 2025-2026 grant from Czech Ministry for Education Youth and Sport, MOBILITY France for 
"Digital twin brains for healthy aging and neurodegenerative diseases" to establish bilateral collaboration on 
brain models for aging and LBD trajectories. Second major funding for my research comes from an 
EBRAINS Open Call grant (2025-2026) for "Virtual brain twins for trajectories of Dementia with Lewy 
Bodies" to develop virtual brain models for Lewy Body Disease using resting state data. As third main 
source of funding, I have secured a junior grant of Czech Ministry of Health for 2026-2029 for "Mapping 
the Path: Stratification and Progression Trajectories of Dementia with Lewy Bodies (MAPS-DLB)" to 
improve early diagnosis and treatment using normative modeling to analyze brain structure and function 
deviations. 

Other contributions to the research community ​
I have made substantial contributions to building research infrastructure and collaborative networks in 
computational neuroscience. I am currently leading the creation of a data repository and associated services 
for multimodal neuroimaging data, for which I co-wrote the proposal, and which is being implemented as 
part of the Czech Node of the European Open Science Cloud (EOSC), making these resources available to 
the broader research community. I lead the engagement of Masaryk University as an associated member of 
EBRAINS research infrastructure from the deputy position, facilitating institutional participation in this 
major European neuroscience initiative. I contribute actively to shaping shared infrastructure, recently 
through submission of two proposals to the EBRAINS 10-year roadmap (2026-2036): "Agentic AI in 
EBRAINS and Beyond" and "Functional Whole-Brain Models: A Flagship Ecosystem for Task-Performing, 
Biologically Grounded Digital Brains." I also lead an effort to establish and integrate a brainstem bank in 
EBRAINS infrastructure within the COST Action brainstem, addressing a critical gap in neuroanatomical 
resources. 

Supervision​
I’m currently supervising my first PhD student (starting 2026) on the topic of Application of virtual brain 
models in healthy aging and neurodegenerative diseases. Currently, the work focuses on Lewy Body 
Disease. I have supervised two Master students on topics related to brain stimulation response analysis and 
correctness validation of virtual brain model implementations, both successfully defended and were awarded 
the Dean's Award for Excellent Master's Thesis (Faculty of Informatics). I’m currently supervising a 
Bachelor student on the topic of performance evaluation of virtual brain models (Faculty of Informatics), and 
a Master’s student on a topic of interactive environment for multiscale modeling of neuronal populations 
(Faculty of Medicine). 
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