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Combining analysis of
time-varying
spike rates with automated sleep staging
demonstrated that spikes in non-rapid
eye movement
sleep are more frequent and better localize seizure 
generators
than spikes occurring in wakefulness



Andrade-Valenca et al.,2011
The rates and the proportion of
 channels with gamma and ripple
fast oscillations are
higher inside the SOZ, 
indicating that they can be used 
as interictal scalp EEG markers for the
SOZ. 



Спектральный анализ







Li et al.2018 

MEG study. 
Compared with the healthy controls, the
left TLE group presented significantly increased 
powers  in the left temporal region, whereas
the right TLE group exhibited significantly 
increased powers in the right temporal region in 
the delta and theta bands. 
Our results suggest that in the delta and theta 
bands, regional average powers in the left and 
right temporal regions can be taken as 
biomarkers for distinguishing MRI-negative TLE 
patients from healthy controls.





Kalamangalam et al. 2014 Specifically, we hypothesized that 
transmission of oscillatory disturbance within or close to areas 
of focal epilepsy would be less ‘constrained’ than over normal 
areas — allowing oscillatory instabilities to propagate more 
readily within the network — and that these changes would be 
detectable on scalp EEG. 
Spectra from patientsshowed a noticeable left-right asymmetry 
in the fluctuationsof the spectral waveform (i.e., line length, 
that character-ized the ‘wiggliness’ of the line about its 
trajectory) in thecanonical , , and  bands (Figs. 2 and 3), in 
comparison tonormal



Pyrzowski et al. 2015 
Zerocrossing
interval analysis is an alternative to 
Fourier analysis for the assessment of 
the rhythmic
component of EEG signals
The
identified putative epilepsy-specific 
markers were sensitive to the 
properties of the alpha rhythm and
displayed weak or non-significant 
dependences on the number of 
antiepileptic drugs (AEDs) taken
by the patients



Фазово-амплитудная модуляция
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Ma et al., 2021



Amiri et al.2016 
PAC between high and low frequency rhythms 
was found to be significantly stronger in
the SOZ compared to normal regions. Also, the 
coupling was generally more elevated
in spiking channels outside the SOZ than in 
normal regions. 



Gunnarsdotir  2022 
 We developed an algorithm that identifies two groups of nodes from the interictal iEEG network:
 those that are continuously inhibiting a set of neighbouring nodes (‘sources’) and 
the inhibited nodes themselves (‘sinks’). 



1. Сбор данных и построение карт нормальной активности мозга в стандартных отведениях:
А) карта спектральной мощности и локализации источников ритмической активности
Б) карта когерентности и функциональной связанности отведений
В) карта кросс-частотной модуляции

2. Анализ патологической ЭЭГ с выявлением абнормальной активности и отклонений от нормативных карт

3. Разработка автоматизированного алгоритма выявления патологической активности связанной с гипервозбудимостью.



HFOs are extracted by amplifying the suitably 
filtered EEG signal and refer to distinct types of 
brain activity occurring in a frequency band 
ranging from 80 Hz to 600 Hz and have been 
typically separated into ripples (80–250 Hz) and 
fast ripples (FRs: 250–600 Hz) 

Moreover, FRs appear to correlate with reduced 
hippocampal volumes and neuronal loss both in 
experimental models (Bragin et al., 2002a; 
Foffani et al., 2007) and in human TLE (Ogren et 
al., 2009; Staba et al., 2007). 

ISs can be distinguished from non-epileptic sharp
waves that are putatively sustained by physiologically bursting 
neurons
by qualitative and quantitative criteria and have characteristics 
as follows:
(1) Di- or tri-phasic wave with sharp or spiky morphology; (2)
different wave duration than the ongoing background activity; 
(3)
asymmetry of the waveform; (4) followed by a slow after-wave; 
(5) the
background activity is disrupted by the presence of the ISs; and 
(6)
voltage map with the distribution of negative and positive 
potentials
suggesting a source in the brain corresponding to a radial, 
oblique, or
tangential orientation of the source (Kane et al., 2017); while 
nonepileptic
sharp waves are irregular, show a complex morphology, are
smaller in amplitude and have a longer duration than ISs (de 
Curtis and
Avanzini, 2001).



the majority of ISs were traveling waves, 
traversing the same path as ictal discharges 
during seizures and with a fixed direction relative 
to seizure propagation and most ISs were 
bidirectional, with one predominant and a second, 
less frequent antipodal direction (Smith et al., 2022). 
Slow wave activities (SWAs), designated as low-
frequency oscillations, could include frequencies in 
the delta power range (0.5–4 Hz) and very low-
frequency activity that is typically called infraslow 
activities (<0.1 Hz) (de Goede and van Putten, 
2019; Lundstrom et al., 2019). 

HFOs are believed to originate from transient 
synchronization of neuronal populations (Engel 
and da Silva, 2012; Engel Jr et al., 2009) or 
disinhibited neuronal networks (Zijlmans et al., 
2011), leading to highly synchronized neuronal 
activity over an area of brain tissue associated 
with normal and pathological brain functions. 
Evidence suggests that pathologic HFOs (pHFOs) in 
the ripple band represent summated synchronous 
inhibitory postsynaptic potentials (IPSP) generated 
by interneurons regulating the activity and 
discharges of the principal cells 



revealed network markers of seizures from short 
epochs of the interictal resting state, suggesting 
that the causal network properties that drive 
seizure onset and propagation are observable even 
in the absence of seizures and interictal events 
(e.g., ISs) which further illustrated that the 
epileptic brain has an enduring trait to produce 
seizures (Woldman et al., 2020). Similarly, Coito 
et al. revealed that directed functional networks 
inferred from interictal EEG may be used to 
diagnose TLE in the absence of ISs and thus these 
resting-state connectivity alterations could 
constitute an important biomarker of TLE (Coito 
et al., 2016). 

Lundstrom et al. showed that a combination of interictal 
biomarkers including the ISOs, ISs rate, and HFOs rate correctly 
predicted whether the left, right, both, or neither temporal 
lobes were involved for almost 90% of patients (Lundstrom et 
al., 2021). 

 Lai et al. 2023




