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COMMENTARY TO HABILITATION THESIS?!

Brief characteristic of the investigated matter: In the presented habilitation thesis, higher
brain functions and resting-state mental activity in human were investigated using
electroencephalography (EEG). The overarching goal was to contribute to the knowledge on
neuronal substrate of these processes which might be exploited to improve diagnostics and
treatment in neuropsychiatry in future.

Objectives of the work: The first main objective was to investigate spatio-temporal
characteristics of event-related electrophysiological activity, i.e. event-related potentials (ERP),
with the aim to contribute to the knowledge on neuronal substrate of non-motor and movement-
related cognitive functions. The second main objective was to explore the large-scale brain
network dynamics during the resting-state with a special focus on the identification of
abnormalities in affective disorders that might provide knowledge needed for deep brain
stimulation (DBS) implementation in treatment of depression. Additionally, we aimed to
provide reviews on some clinical aspects of ERP and DBS techniques.

Methodologies: We employed methods of the scalp and intracerebral EEG, both separately
and simultaneously, during different cognitive tasks and in resting conditions. We used several
analytical approaches including ERP investigations, microstate analysis, and functional and
effective connectivity estimations.

Results: Concerning the first objective, we extended current knowledge in human
neurophysiology by identifying brain regions within the temporal and frontal cortices that are
involved in non-motor cognitive functions [1], we provided evidence that hippocampal activity
is related to the evaluation of stimulus meaning rather than to the motor response during a
simple sensorimotor task [2], and we first showed that the primary motor cortex is implicated
in the executive control of actions that are not motor in nature [3]. One of the most studied ERP
components is the P3 waveform that was traditionally viewed as reflecting orientation,
attention, update of working memory, decision, and cognitive closure of stimulus identification.
Nevertheless, our team brought the first intracerebral evidence that the P3 phenomenon might
be related not only to these non-motor cognitive functions but also to the movement-related

ones [4,5]. It is generally accepted that the control of intentional motor action involves brain
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operations that select, plan, and execute the movement. Our research group extended the
knowledge on this topic when we identified large-scale brain networks that might be involved
in the process of movement execution [4,5] and in the process of comparison between the
intended and actually performed motor action [6,7]. Besides its utility in disclosing
electrophysiological correlates of mental operations the ERP phenomenon can also be
considered with respect to its clinical utility. Attempts to exploit the ERP technique as a possible
diagnostic tool for functional brain impairments following a mild traumatic brain injury were
summarized in our recent review [8].

Concerning the second objective, our team provided the first evidence of hierarchical
functional linkage in the cross-frequency domain between the resting-state electrophysiological
activity of the subthalamic nucleus and cortex in human [9]. Moreover, our three high-density
scalp EEG studies contributed to the understanding of resting-state large-scale brain network
activity in affective disorders [10-12]. We demonstrated interindividual differences in large-
scale brain network dynamics related to depressive symptomatology [10] and brought the first
evidence for disruption of resting-state brain network dynamics in euthymic patients with
bipolar disorder [11]. In the effective (directed functional) connectivity study we showed a
higher-than-normal functional connectivity arising from the right amygdala in depressive
patients supporting the view that the amygdala plays an important role in the neurobiology of
depression [12].

DBS has proven effective in the treatment of pharmacoresistant Parkinson's disease,
although it can be accompanied by various complications [13]. Furthermore, there is also
preliminary evidence for the efficacy and safety of DBS for treating pharmacoresistant
depression. In our recent review we provided updated knowledge substantiating the suitability
of each of the current and potential future DBS targets for treating depression [14]. Despite
myriad DBS targets for treating depression tested in human, the amygdala is not among them.
From this perspective, our recent finding of higher-than-normal functional connectivity arising
from the right amygdala in depressive patients [12] contributes to the knowledge that is needed
to evaluate deep brain structures as possible candidates for DBS treatment in depression.

Significance: Our findings contribute to a better understanding of the neuronal substrate of
both resting-state mental activity and higher brain functions in human. Additionally, the
electrophysiological patterns discovered by our team that are associated with depression or
related to bipolar disorder might help improve diagnostics and therapy of affective disorders in

future.
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