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Adrian & Matthews, 1934
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The evolution of human EEG technology
and its applications

Biasiucci et al. 2019
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Brain mass and total number of 
neurons for the mammalian species

Human Macaque monkey Guinea pig Rat Mouse

Herculano-Houzel, 2009; modified
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Theories of consciousness

Neural substrate Neural substrate

Wakefulness
Dreaming

Dreamless sleep
(NREM sleep)

Storm et al., 2024
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Rodriguez et al, 1999
Nature
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EEG and functional connectivity
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EEG-TMS to detect neural correlate of 
consciousness

Koch et al. 2016
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State of consciousness elicited by 
slow nasal breathing

cannula 
nasale

Artificial slow nasal breathing

Piarulli et al., 2018

Dual function of the olfactory sensory neurons

Narayanan et al. 2022
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Piarulli et al., 2018

State of consciousness elicited by 
artificial slow nasal breathing
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No doubt!!!
Nasal vault artificial stimulation induces 

increases of neural complexity in the TPO area

Piarulli et al, in progressPreliminary results
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Theories of consciousness

Neural substrate Neural substrate

Wakefulness
Dreaming

Dreamless sleep
(NREM sleep)

Storm et al., 2024
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Up-state Down-state
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300 msec

Spontaneous or evoked 
neural bistability in humans

Menicucci et al., 2009
Piarulli et al., 2010
Allegrini et al., 2010
Gemignani et al., 2012
Menicucci et al., 2013
Laurino et al., 2014
Gemignani et al., 2014
Menicucci et al., 2015
Allegrini et al., 2015
Gemignani et al., 2015
Laurino et al., 2019
Menicucci et al., 2020
Menicucci et al., 2022
Aquino et al., 2024

PDS or P200
Functional connectivity

DS or N550
Unconsciousness

US or P900
Plastic phenomena
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Two major components of consciousness

Laureys S (2005)
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Slow waves may play a key role in altering
functional networks after brain injury

Attivazione di correnti di potassio 
(K⁺) mediate da canali regolati da 
calcio (Ca²⁺) e sodio (Na⁺). Queste 
correnti aumentano l’adattamento 
neuronale, portando a periodi di 
inattività o OFF-periods

Perdita delle connessioni eccitatorie 
laterali (sia locali che a lungo raggio) 
provoca uno squilibrio dove 
l’inibizione locale prevale 
sull’eccitazione (disfacilitazione)

Riduzione del rapporto ATP/ADP
in seguito a ischemia attiva canali 
sensibili a K⁺-ATP, inducendo 
iperpolarizzazione e inattività 
neuronale nelle aree circostanti la 
lesione

L’accumulo di liquidi può 
alterare l'equilibrio ionico, 
bloccando le pompe 
Na⁺/K⁺ e facilitando le 
onde lente (edema).

L’attivazione di 
microglia e 
astrociti, 
accompagnata 
dall’espressione 
di citochine 
proinfiammatori
e come IL-1 e 
TNFɑ, può 
favorire 
l’insorgenza di 
onde lente

Massimini et al. 2023
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From Present to Future 
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Brain-to-brain interaction
Specific

phenomenon
Aspecific

phenomenon?
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Immagine generata con DALL-E di OpenAI

Hyperscanning: 
The Future of Social Interactions in Neuroscientific Research

Hyperscanning is a methodology that
simultaneously records brain activity from 
multiple individuals during interactions, 
enabling the study of dynamic inter-brain 
connectivity in real-world social contexts.

Proposed by Montague (2002), it is
expected to drive future advancements
in social, cognitive, and affective
neuroscience.

TenHouten et al. 2022

n: 1

n: 90

Tot: 529
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Inter-Brain Synchrony in Prefrontal Cortex
and Temporoparietal regions during Cooperative Behavior

Czeszumski et al., 2022
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What
happens
to the 
Brain 
when
We Die?

Ophelia, John Everett Millais 
Tate Britain
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Is it possible for the human brain to be activated by the dying process?

We addressed this issue by analyzing the electroencephalograms (EEG) of four dying
patients before and after the clinical withdrawal of their ventilatory support and found
that the resultant global hypoxia markedly stimulated gamma activities in two of the 
patients. 

The surge of gamma connectivity was both local, within the temporo–parieto–occipital
(TPO) junctions, and global between the TPO zones and the contralateral prefrontal areas. 

While the mechanisms and physiological significance of these findings remain to be fully
explored, these data demonstrate that the dying brain can still be active. 
They also suggest the need to reevaluate role of the brain during cardiac arrest.
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Identification of near death stages in dying patients

Xu et al. 2023

Ventilator
removal

Pt1

Pt2

Pt3

Pt4

Cause of death: cardiac
arrest-induced anoxic injury

Cause of death: cardiac
arrest-induced anoxic injury

Cause of death: cardiac
arrest-induced anoxic injury

Cause of death: extensive
brain hemorrhage
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Increase of Cross-Regional Phase-Amplitude Coupling at
Near-Death 

Xu et al. 2023

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11

C3, C4

T3, T4

All

T5, T6

O1, O2

P3, P4

This study revealed in the dying human brain, the high-
frequency activation of the TPO junctions that is also observed

in healthy human brain during waking and dreaming and in 
seizure patients during visual hallucinations and OBE 

Xu et al. provide strong evidence that the dying brain is not
necessarily the quiet place, electrically speaking, that it was

thought to be
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Conclusions
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Predictive AI

Advanced brain-
computer interfaces

Subcutaneous high-density neurochips

Emotional and cognitive 
biofeedback

Collective neuro-cloud: 
connection between minds

Mind reading and non-
verbal communication 

(machine learning)

The Future of EEG: From Brain Monitoring to Mind Connectivity
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