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Dear Colleagues,

Welcome to Frontiers’ first annual Spotlight Conference, Limitless! 
Augmentation of Brain Function.

In 2017, professors Mikhail Lebedev, Ioan Opris and Manuel Casanova 
were awarded the first Frontiers Spotlight Award for their exceptional 
work on their Research Topic, entitled “Augmentation of Brain Function: 
Facts, Fiction and Controversy”. This collection of over 100 articles 
describes ground-breaking research into a number of related areas 
around the function, stimulation, interfacing and enhancement of human 
brain performance. The articles in this collection, involving more than 500 
authors, have been viewed and downloaded over 1.3 million times.   

The Spotlight Conference celebrates this success by bringing together 
many of the leaders of this rapidly emerging field to Lausanne, where 
we will take these next three days to explore and expand upon these 
themes of critical importance, many of which are already at work to 
improve human health and well-being.

We extend a warm welcome to all participants! Please take full 
advantage of this new forum to explore potential collaborations, find 
inspiration and exchange insights with this truly international and select 
group of leading researchers.

On behalf of  
the Scientific Committee
Frederick Fenter
Executive Editor, Frontiers

SwissTech Convention Center 
Lausanne, Switzerland

Welcome 



3 4

Frontiers Spotlight 2018

Program
W

ed
n

es
d

ay
 1

9
 S

ep
t. 08:00 – 09:00 

Registration and coffee

09:00 – 09:10 
Welcome

 
09:10 – 09:40 
Simulating the Brain  
Henry Markram - Keynote Speaker 

 
09:40 – 13:00 
Brain-computer  
interfaces:  
state-of-the-art  
and challenges

 
 
Coffee break

 
 
 
 

13:00 – 14:00 
Lunch

14:00 – 17:30 
Current approaches to  
brain augmentation: from 
drugs to nanotechnology, 
from electrical stimulation  
to meditation

 
15:30 – 16:15 
Poster Session 

19:00 – 22:30 
Dinner at Chalet Suisse

Brain-computer interfaces: 
a mutual learning perspective 
José del R. Millán - Keynote Speaker

Brain-machine interfaces that multitask 
Mikhail Lebedev

Clinical short-term implant of a wireless brain-
prosthesis providing EcoG recording and cortical 
stimulation in patients with drug-refractory 
epilepsy 
Pantaleo Romanelli

How the brain holds its horses: a new model of 
inhibitory control implementation 
Giovanni Mirabella

Online detection of spontaneous face and kanji 
recognition in human ECoG 
Chistoph Guger

Augmentation of the hierarchical executive 
control mechanism by stimulation in prefrontal 
cortical, subcortical and brainstem microcircuits 
Ioan Opris

AI to the rescue: curing and augmenting brain 
capabilities with the smart kiwi nano-implant 
Newton Howard

Biological and Engineering approaches to target 
brain and spinal cord injury 
W. Dalton Dietrich - Keynote Speaker

Neurofeedback training effects on EEG indices 
of behavioral symptoms in children with autism 
spectrum disorder  
Estate Sokhadze

Neural correlates of cognitive training in  
middle-aged adults  
Natasha Sigala

Psychostimulants as Cognitive Enhancers in 
developing brain – balance between risk and 
reward 
Wen-Jun Gao

Partial sleep in the context of augmentation of 
brain function 
Ivan Pigarev

Effects of rTMS treatment course length on 
behavioral and electrocortical functional measures 
of task performance in children with autism 
spectrum disorder 
Manuel Casanova

Cognitive enhancement in intellectual disability 
Maria del Mar Dierssen - Keynote Speaker

sp
o

tl
ig

h
t.

fr
o

n
ti

er
si

n
.o

rg

Session 1: 

Opening:

Session 2: 



5 6

Frontiers Spotlight 2018

T
h

u
rs

d
ay

 2
0

 S
ep

t. 09:00 – 12:30 
Transforming the body 
and augmenting the 
brain

 
 
 
Coffee break

 
 

 
12:30 – 13:30 
Lunch

 
 
13:30 – 16:40 
The future of brain  
augmentation: what is 
next?

 
Coffee break

Following 

 

16:40 – 17:00 
Closing Remarks

Session 3: Session 4: 

Session 4: 

Transforming your virtual body to transform your brain 
Maria Sanchez-Vives - Keynote Speaker

Gait ignition after spinal cord injury by the 
augmentation of descending locomotor drive 
Brian Noga

Augmenting the brain with temporally-structured 
neurofeedback 
Alexei Ossadtchi

Rehabilitation of traumatic brain injury with ExoAtlet 
Ekaterina Bereziy

On the search for cognitive and motor rejuvenation 
through virtual reality 
Mel Slater

Brain augmentation via multisensory processes and 
sensory substitution 
Micah Murray

Prosthesis with enhanced perception: from e-skin to 
neuromorphic encoding 
Luke Osborn

From the neuroscience of consciousness to virtual 
reality, digiceuticals, and human augmentation  
Olaf Blanke - Keynote Speaker

Stimulating parietal and frontal cortex to produce and 
alter motor behavior 
Jon H. Kaas - Keynote Speaker

The promise of spintronics for non-invasive brain 
research 
Stewart Barnes

BrainHealth 2027: Harnessing plasticity to double brain 
performance 
Sandra Chapman

Infrared lasers provide limitless energy for 
augmentation of brain function 
Francisco Gonzalez-Lima

Brain implants to erase memories 
Walter Glannon

Epistemic and ethical considerations of future 
brain and body transformation and augmentation  
Beatrice de Gelder

A hippocampal neural prosthesis for human 
memory 
Theodore W. Berger - Keynote Speaker
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Bus trip to Gruyères

10:30 – 12:00 
Tour of the town and 
Gruyères castle

12:00 – 13:00 
Lunch

13:00 – 14:00 
Tour of the Gruyères 
cheese factory

14:00 – 15:30 
Bus trip from Gruyères to 
Lausanne train station

Program
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Iulia Pascu
Frontiers, Switzerland

Iulia Pascu is Frontiers’ Event Manager. Her previous experience includes seven years of 
event management at CERN, where she was in charge of conferences and outreach events. 
She was also part of THE Port, a non-profit association organizing humanitarian hackathons.

Prof. Manuel Casanova
University of South Carolina, USA

Manuel Casanova is the SmartState Endowed Chair in Childhood Neurotherapeutics and 
Professor of Biomedical Sciences at the University of South Carolina School of Medicine. 
His research has been recognized with multiple awards, including a EUREKA NIH grant for 
exceptionally innovative research in autism.

Dr. Mikhail Lebedev
Duke University, USA

Mikhail Lebedev studies brain-machine interfaces (BMIs), sensorimotor systems, and cognition. 
He develops BMIs that enable arm movements, bipedal locomotion, and whole-body navigation. 
He also develops sensorized BMIs that simultaneously extract motor command from neural 
activity and deliver feedback to the brain sensory areas.

Jeanelle Bradbrook de Sousa 
Frontiers, Switzerland

After joining Frontiers in September 2015 with a decade of previous experience in 
Education, Jeanelle uses her trademark skills of problem solving, creativity and flexibility to 
manage the operations and logistics of the Conference & Sponsorship activities at Frontiers. 
Jeanelle holds a BA in Modern Languages from the University of New South Wales, Australia.

Prof. Maria V. Sanchez-Vives
IDIBAPS, Spain

Mavi Sanchez-Vives, MD, PhD in Neurosciences, is ICREA Research Professor at the Institute of 
Biomedical Investigation August Pi i Sunyer in Barcelona and head of the Systems Neuroscience 
group. She is also co-Director of the Event Lab (Experimental Virtual Environments in 
Neuroscience and Technology). Her expertise is on neuroscience and virtual reality.

Dr. Frederick Fenter
Frontiers, Switzerland

Frederick Fenter is the Executive Editor of Frontiers, a leading open-access publisher and 
developer of the world’s most technologically advanced open science platform. Fred has over 20 
years of publishing experience in a variety of roles, including consultant, manager, executive and 
entrepreneur.  

Iva Norek
Frontiers, Switzerland

Iva is Event Assistant at Frontiers. She has previous experience in organizing human rights 
awareness campaigns for NGOs and particle physics outreach events for CERN. Journalist 
by education and with a profound love for science, Iva is also a professional science writer 
and communicator.

Prof. Ioan Opris
University of Miami, USA

Ioan Opris is a Research Associate Professor of Biomedical Engineering, and Neuroscientist of the 
Center for Neural Engineering at the University of Miami. Dr. Opris’s research uses a hierarchical 
integrative approach of neural signals in the brain to develop neural prosthetic devices for 
patients with spinal cord injury.

Scientific  
Committee

Organizing  
Committee
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Prof. Henry Markram
EPFL and Frontiers, Switzerland   

Simulating the brain

The brain is a multi-dimensional processing system with 
an infinite number of loops within loops of interactions in 
networks of genes, proteins and cells. This system interacts 
with multi-dimensional “real-world” networks of people, 
societies and species. Our perceptions, movement and 
feelings emerge as chemical, electrical and mechanical 
chain reactions that weave through these networks. This 
dance of networks merges and blurs the boundaries within 
ourselves, between ourselves and between ourselves and 
the world. There is no scientific evidence that we can 
ignore any of these loops within loops when building 
a computer that can dance with the world like a human, 
bird or ant. To capture the brain’s full capability of motions, 
emotions and the consciousness of it all, we must 
simulate every interaction. Computers will asymptotically 
approach the brain’s capability as we increase the digital 
discretization of these interactions; how small  
the discretization needs to be may drive us mad.

Prof. José del R. Millán
EPFL, Switzerland 

Brain-computer interfaces: a  
mutual learning perspective

 
Real-time signal processing and decoding of brain 
signals are certainly at the heart of a BCI. Yet, this does 
not suffice for subjects to operate a brain-controlled 
device. In the first part of my talk I will review a few 
recent studies, most involving users with severe motor 
disabilities, that illustrate additional principles of a reliable 
BCI and the efficacy of mutual learning in the acquisition 
of BCI skills. In the second part, I will show how BCI 
are not just opening the door to advanced assistive 
devices, but can also lead to innovative rehabilitation 
interventions to recover from brain lesions and 
augmented interaction.

Prof. W. Dalton Dietrich
University of Miami Miller School of Med., USA 

Biological and Engineering 
approaches to target brain and 
spinal cord injury

Discovery and clinical research at The Miami Project to 
Cure Paralysis is clarifying the pathophysiology of spinal 
cord injury and testing novel therapeutic strategies. 
Neuroprotective approaches using pharmacological 
treatments and therapeutic hypothermia as well 
reparative strategies including cellular transplantation 
are being tested to promote recovery. FDA-approved 
clinical trials are evaluating the safely and benefits 
of human Schwann cell transplantation in subacute 
and chronically-injured spinal cord injured subjects. 
Multimodal rehabilitation programs together with 
neuromodulation to enhance the beneficial effects 
biologically-directed reparative approaches are also 
being assessed. This presentation will summarize current 
and future studies using neural engineering approaches 
combined with novel biological strategies to target 
paralysis and improve quality of life.

Keynote  
Speakers

Prof. Maria del Mar Dierssen
Center for Genomic Regulation, Spain  

Cognitive enhancement in 
intellectual disability

Down syndrome is a complex condition that results 
from having a third copy of human chromosome 21. 
People with the syndrome experience problems with 
learning and memory that affect many aspects of 
their lives. In DS individuals and trisomic mice models 
early intervention results in only limited and temporary 
cognitive improvements. Our previous work in trisomic 
mice suggested that this is probably due to an inability to 
translate the temporary changes in synaptic efficiency after 
exposure to enriched environments, into stable structural 
changes. Several molecular mevchanisms may account for 
these alterations but not all are good therapeutic targets. I 
will discuss the experimental arguments that make one of 
the triplicated genes in DS a good pharmacological target 
for boosting plasticity: Dyrk1A a candidate gene closely 
implicated in various DS features.
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Prof. Olaf Blanke
EPFL, Switzerland 

From the neuroscience of
consciousness to virtual
reality, digiceuticals, and human
augmentation 

Multisensory illusions, using immersive virtual reality (VR), 
will be described that link sensory cues from the human 
body with visual-auditory cues on an avatar’s body to 
induce altered states of self-consciousness, including 
out-of-body illusions. Following the description of 
the brain mechanisms of such technology-mediated 
mental states, I will detail our recent efforts in digital and 
robotic therapies using automatized stimulations in pain 
medicine and in neuroprosthetics (i.e. Digiceuticals). I 
will conclude by highlighting how these neuroscientific 
findings and neurotechnologies can be applied to 
human augmentation, showing that humans can 
embody and control multiple avatars, artificial limbs, 
surrogate bodies, and likely enable new forms of human 
consciousness. 

Prof. Maria V. Sanchez-Vives
IDIBAPS, Spain 

Transforming your virtual body to 
transform your brain

Over the last 20 years, evidence for brain plasticity at 
all levels has been accumulating. One manifestation 
of this plasticity is the capability of humans to adapt to 
transformations of their own body. However, with the 
exception of brain lesions, this is not something that 
occurs naturally in the real world. Immersive virtual 
reality can be used as a tool that allows us to test in a 
flexible way the extent to which we – our brains – can 
accept a virtual body as our own, even if such a body is 
radically transformed. Our experience is that virtual body 
transformations and virtual experiences have physiological, 
emotional, cognitive, behavioural, and psychological 
consequences. In this talk I will discuss a number of 
experiments where the virtual body has been transformed, 
the subsequent effects of these transformations, and the 
potential uses of this technology.

Prof. Theodore W. Berger
University of Southern California, USA

A hippocampal neural prosthesis 
for human memory

Berger will present the latest stages in developing a 
hippocampal neural prosthesis for declarative memory 
being tested in humans. This project is a collaboration 
between the Univ. of Southern California and Wake 
Forest Univ. Epilepsy patients were implanted with depth 
electrodes in hippocampus for recording CA3 and CA1 
single unit spikes during delayed non-match to sample 
memory testing.  Delays between “sample” (1 image) 
and “match” (3-5 images) presentations were either 
1-75 sec or 30-75 min for testing short-term memory 
or long-term memory, respectively. A mathematical 
model allowed spatio-temporal patterns of hippocampal 
activity associated with each sample to be identified.  
These mnemonic patterns were used to electrically 
stimulate hippocampal sites during subsequent sample 
presentations. Results for short-term memory (10 
patients) showed that electrical stimulation with model-
predicted patterns enhanced memory performance by 
an average of 23%. Results for long-term memory (6 
patients) showed that electrical stimulation enhanced 
memory performance by an average of 30%. Random 
stimulation produced no change.

Prof. Jon H. Kaas
Dept. of Psychology Vanderbilt University, USA

Stimulating parietal and frontal 
cortex to produce and alter 
motor behavior

Stimulating sites in parietal and frontal cortex in primates 
can produce motor  behaviors, increase the speed and 
extent of actions, and block some behaviors. Recent 
research has demonstrated that humans and other 
primates have a number of action-specific networks that 
include interconnected nodes or domains in posterior 
parietal cortex, premotor cortex, and primary motor cortex. 
Electrical stimulation of neurons in each of these domains 
can produce a specific behavior such as reaching to a 
target or bringing the hand to the mouth. Stimulating two 
domains in the same network can make the movement 
faster, and more extensive, and stimulating domains in 
two different networks at once can produce complex 
effects, including blocking the behavior. These networks 
appear  to mediate conflicts in a motor decision process, 
and produce specific outcomes. The parallel networks 
could be manipulated by sub-threshold or above-threshold 
stimulation as well as by  deactivating stimulation.

Keynote Speakers
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Brain-computer 
interfaces:  
state-of-the-art  
and challenges  

Brain-machine interfaces
that multitask

Mikhail Lebedev
Duke University, USA 

 
 
 
 
 
 
 
 
 
 
 
Brain-machine interfaces (BMIs) strive to restore function 
to people with sensory, motor and cognitive disabilities. 
While BMIs are typically implemented in controlled 
laboratory settings, making them versatile and applicable 
to real life situations is a significant challenge. In real 
life, we can flexibly and independently control multiple 
behavioral variables, such as programming motor goals, 
orienting attention in space, fixating objects with the 
eyes, and remembering relevant information. Several 
neurophysiological experiments, conducted in monkeys, 
have manipulated multiple behavioral variables in a 
controlled way, and these variables were then decoded 
from the activity of cortical neuronal ensemble. Moreover, 
in BMI experiments, multiple behavioral variables have 
been extracted from ensemble activity in real time, such as 
controlling two virtual arms simultaneously. Finally, brain-
machine-brain interfaces (BMBIs) have simultaneously 
extracted motor intentions from brain activity.

Clinical short-term implant of 
a wireless brain prosthesis
providing EcoG recording and
cortical stimulation in patients
with drug-refractory epilepsy

Pantaleo Romanelli
AB MEDICA, Italy

Andres Lozano, Taufik Valiante, Mauro
Picciafuoco, Cosimo Puttilli 

 
 
 
 
A novel wireless brain prostheses (ECOG-64-D) was 
developed by AB Medica® in order to allow prolonged 
cortical recording in the context of epilepsy surgery and 
to foster BCI applications. ECOG-64-D is made by a 
subdural grid hosting 128 contacts (64 recording, 
64 stimulating), 4 connecting cables and a PEEK case 
allowing wireless transmission and recharge. The grid 
can be divided in two simmetric parts to tailor the 
recording/stimulation over multiple lobes. An external 
kit allows wireless recharge of the case. After preliminary 
experience on non-human primates and further testing 
on pigs, ECOG-64-D is now approaching clinical testing 
during epilepsy surgery: 3 patients with refratory epilepsy 
underwent the first wireless ECOG recording in humans. 
Further clinical testing is underway. Wireless ECOG 
recording paired with closed-loop cortical stimulation 
holds great promise for patients with epilepsy, dementia 
and other severe neurological disabilities.
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Online detection of spontaneous
face and kanji recognition in
human ECoG

Chistoph Guger
Guger Technologies OG, Austria

Christoph Kapeller, Johannes Grünwald,
Kyousuke Kamada, Katrin Mayr 

 
 
 
Various visual categorization areas on the ventral 
temporal cortex (VTC) for visual word, number, object 
or face processing can be identified via ECoG. Especially 
the fusiform face area has been shown to be involved 
in face processing. This real-world experiment aimed 
in online detection of face and kanji perception by two 
patients with intracranial recordings and shows that 
the VTC elicits similar responses to faces on a monitor 
and to real-world faces. The BCI was calibrated with 
presented computer stimuli and then tested with printed 
kanji characters and images of faces, real faces of nearby 
persons and a mirror. The recognition accuracy of 79.9% 
(face) and 28.4% (kanji) is smaller than the one obtained 
with the calibrated computer stimuli (89.8% for faces 
and 73.5% for kanji), but significant after a randomization 
test (p<0.0005). Both subjects reached a high decoding 
performance for real-world face detection, but only one 
subject could keep the performance for the printed kanji.

Augmentation of the hierarchical
executive control mechanism
by stimulation in prefrontal
cortical, subcortical and brainstem
microcircuits

Ioan Opris
University of Miami, USA

 
 
 
 
 
 
The prefrontal cortex (PFC) has been postulated to play 
critical roles in the executive control ability, while the 
Hippocampus and Brainstem in the formation of long-
term memories and the control of behavior. To gain 
insights into the neurobiological mechanism of cognitive 
functions, one needs to understand the input-output 
transformational properties within the PFC, hippocampal 
and brainstem’s micro-circuits. Input-output spike 
trains are recorded from the PFC layers of nonhuman 
animals performing a cognitive task with a biomorphic 
multi-electrode array and stimulated with appropriate 
patterns of electrical pulses. This modular approach 
describes how the input spike trains are transformed 
into the output spike trains by the PFC and hippocampal 
micro-circuitry. This form of functional connectivity 
may have important implications to understanding the 
computational principle of functional augmentation in 
the PFC, hippocampus and brainstem.

AI to the rescue: curing and
augmenting brain capabilities 
with the smart kiwi nano-implant

Newton Howard
Brain Sciences Foundation, UK

Yann Le Franc 

 

 
 
 
Brain Computer Interface (BCI) technologies are in 
constant improvement with interaction modalities 
ranging from non-invasive (EEG, TMS,...) to chronically 
implanted devices. However, few existing BCI platforms 
allow real-time adaptive bidirectional interactions 
with the neural tissue. We are presenting here Kiwi, 
a novel minimally invasive micro-implant using 
nanotechnologies to record the electrical activity 
of neural tissue and stimulate using electrical and 
optical stimulation modalities. Kiwi micro-implant is 
operating wirelessly and is coupled to a cutting-edge 
AI module providing the possibility to detect in real-
time neural activity patterns and adjust the stimulation 
parameters accordingly. This adaptive, minimally invasive 
and smart BCI opens a new way for personalized 
therapeutic applications in numerous diseases such as 
neurodegenerative diseases (Parkinson, Alzheimer,...), 
mental illnesses (depression, anxiety,...) or chronic pain 
and for research and brain augmentation.

Speakers: Session 1

How the brain holds its horses:
a new model of inhibitory control
implementation

Giovanni Mirabella
Sapienza University, Italy

 
 
 

The inhibitory control allows for the implementation 
of adaptive behavioral strategies, but its neural 
underpinnings remain largely debated. I will propose 
a new model of the inhibitory network, whose way of 
working conceptually resembles the idea of the race 
model exploited to interpret the behavioral outcome 
of the stop signal task. In this model, the two input 
components of the basal ganglia loop, the striatum, and 
the subthalamic nuclei (STN) play a key role. Thanks to 
their wide connectivity, they are capable of evaluating 
the pros and cons of the ongoing motor plan delivered 
by the motor cortices, against the wide array of context-
dependent emotional and attentional signals coming 
from the prefrontal and limbic cortices. The competition 
between the opposite modulatory signals coming from 
the striatum and the STN will determine the state of 
activation of the output nuclei of the basal ganglia. If the 
former wins the race then the movement is performed, 
otherwise it is suppressed.
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Neurofeedback training effects on
EEG indices of behavioral symptoms
in children with autism spectrum
disorder

Estate Sokhadze
University of South Carolina School of Medicine,
Greenville Campus, USA

Emily L. Casanova, Ayman S. El-Baz, Desmond P.
Kelly, Xiaoli Li, Yao Wang 

 
 
 
Abnormalities of EEG gamma oscillations have been 
associated with feature binding problems present in 
autism spectrum disorder (ASD). Gamma activity has been 
related to cognitive functions such as attention, learning, 
and memory. Given that many of the above functions are 
abnormal in ASD, EEG gamma could serve as a valid target 
for neuromodulation. We proposed that regulation of 
gamma in neurofeedback mode can result in improvements 
in behavioral symptoms of ASD. We enrolled 18 children 
with ASD in a prefrontal neurofeedback treatment aimed 
at the wide band EEG amplitude suppression along with 
upregulation of 40 Hz-centered gamma activity. EEG 
analysis found a linear decrease of theta/beta ratio and a 
liner increase of relative power of gamma over 18 sessions 
of neurofeedback. EEG changes were accompanied by 
improvements in aberrant behavior rating scores. The 
study indicates that neurofeedback is an effective method 
for altering EEG characteristics associated with the ASD 
symptoms.

Neural correlates of cognitive
training in middle-aged adults

Natasha Sigala
University of Sussex, UK

Diana Kyriazis, Mara Cercignani 

 
 
 
 
 
We report preliminary data from a study designed to 
test the effectiveness of cognitive training in improving 
overall cognitive function in healthy middle-aged 
adults (40-50 years old). Research evidence supports 
a role for cognitive reserve in reducing the likelihood 
of cognitive decline. Therefore, cognitive training in 
middle-aged adults can be a possible early intervention 
to delay or prevent cognitive decline in later life. Given 
that executive function and working memory training 
seem to be particularly beneficial and can result in 
widespread transfer, we focus on training interventions 
that target these domains. We used CogniPlus software 
(SCHUHFRIED GmbH) to train an experimental and 
an active control group (adaptive, non-adaptive 
respectively). We scanned each participant before and 
after training (fMRI, diffusion NODDI, and quantitative 
Magnetization Transfer sequences) to test for any 
functional and structural changes induced by training, 
as well as task transfer.

Current approaches 
to brain augmentation: 
from drugs to 
nanotechnology, from 
electrical stimulation to 
meditation    

Speakers: Session 2
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Partial sleep in the context of 
augmentation of brain function

Ivan Pigarev
Institute for Information Transmission 
Problems (Kharkevich Institute), Russian 
Academy of Sciences, Russia

Marina. L. Pigareva 
 
 
 
 
 
 
 
We discuss the mechanisms of partial sleep when 
the most advanced cortical areas enter a sleep state 
while an organism is still awake. The management 
of local sleep could be a way to augment the brain. 
To understand its nature we will highlight the data 
supporting an unexpected view on sleep. It was found 
that cortical neurons that process signals from extero- 
and proprioreceptors during wakefulness, switch to 
processing of interoceptive information from visceral 
systems of the body during sleep. This sheds light on the 
initiation of normal and local sleep. Indeed, a mismatch 
between the current parameters of any visceral system 
and the normal range of these parameters would 
provide the sleepiness. If it is impossible to go to sleep, 
the partial sleep may engage only some cortical areas. 
Thus, it should be considered that any attempts to 
change natural cortical circuitry may lead to dramatic 
consequences for visceral health. Supported by RFBR 
grants 16-04-00413, and 17-06-00404/OGON.

Effects of rTMS treatment
course length on behavioral and
electrocortical functional 
measures of task performance 
in children with autism spectrum 
disorder

Manuel Casanova
University of South Carolina School of  
Medicine, Greenville Campus, USA

Emily L. Casanova, Desmond P. Kelly, Ioan 
Opris, Ayman S. El-Bas 

There is no accepted pathology to autism spectrum 
disorders (ASD) but research suggests the presence of an 
altered cortical excitatory/inhibitory (E/I) bias. Repetitive 
transcranial magnetic stimulation (rTMS) offers a method 
of modulating the E/I cortical bias. In this study, 112 
children with ASD were assigned to either a waitlist group 
or one of 3 different number of prefrontal rTMS sessions 
(i.e., 6, 12, 18). The task was a visual oddball with illusory 
figures performed pre- and post-treatment. Response 
variables included reaction time, event-related potentials 
(ERP) and induced gamma oscillations. Results showed 
positive post-TMS changes in response accuracy, ERP 
and induced gamma oscillations, reductions in irritability, 
hyperactivity and repetitive stereotype behaviors. The 
gain of improvements increased with the number of rTMS 
sessions. Our results suggest that rTMS, particularly after 
18 sessions, facilitates cognitive control and improves 
executive functions in ASD.

Psychostimulants as Cognitive 
Enhancers in developing brain – 
balance between risk and reward

Wen-Jun Gao
Drexel University College of Medicine, USA

Kimberly R. Urban

Methylphenidate and other psychostimulants, originally 
developed to treat ADHD, are increasingly abused by 
healthy adolescents and adults seeking an advantage 
in scholastic performance and work productivity. 
However, how these drugs may affect cognitive 
performance, especially in the young brain, remains 
unclear. It is important to emphasize the risks of abuse 
of psychostimulants in healthy adolescents and young 
adults. While the desire for cognitive enhancement, 
particularly with rising costs of education and 
increasingly competitive nature of scholarship programs, 
is unlikely to diminish in the near future, it is crucial to 
scrutinize the efficacy and safety of these stimulants in 
healthy populations across development. The current 
dearth of knowledge on the psychostimulant exposure 
may be perpetuating a perception of these drugs as “safe” 
when that might not be true for developing brains.

Speakers: Session 2
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Augmenting the brain 
with temporally-structured 
neurofeedback

Alexei Ossadtchi
Higher School of Economics, Russia

N.M. Smetanin, K. Volkova, M.A. Lebedev 
 
 
 
 
 
 
 
 
Neurofeedback has been proposed as a way to 
correct and augment brain functions. Although the 
first neurofeedback experiments date back nearly six 
decades ago, the effectiveness of this paradigm is still a 
matter of debate. Here I show that during P4-alpha EEG 
neurofeedback training, the mean alpha power grows 
due to increase in the incidence rate of alpha episodes, 
while alpha amplitude and bursts duration remain 
unchanged. These findings suggest that neurofeedback 
facilitates alpha activity onsets while the shape of alpha 
bursts is difficult to control – the property overlooked by 
previous researchers of neurofeedback. Based on these 
findings I stress the importance of temporal structure in 
the feedback signal, so that the actual entrance into the 
desired transient brain state can be indicated to the user 
as early as possible. I propose that neurofeedback delay 
can be significantly reduced to ultimately reach zero-
latency or even predictive feedback condition.

Gait ignition after spinal cord 
injury by the augmentation of 
descending locomotor drive

Brian Noga
University of Miami, The Miami Project to 
Cure Paralysis, USA

Neuromodulation technologies are increasingly looked 
at as potential treatment options for paralysis following 
spinal cord injury (SCI). Deep brain stimulation (DBS) 
is one such method that has shown to be an effective 
treatment modality for difficult-to-treat movement 
disorders, but has had little or no application in persons 
with anatomically and motor incomplete SCI. Here 
we show 1) significant improvements in locomotor 
performance in rats with clinically relevant mid-thoracic 
contusion injuries using DBS of the mesencephalic 
locomotor region (MLR) a key regulatory node of 
the supraspinal locomotor circuit, activating spinal 
locomotor pattern generators; and 2) stimulation 
of the MLR activates descending neuromodulatory 
monoaminergic pathways, in addition to locomotor 
command (reticulospinal) pathways during locomotion. 
These findings demonstrate that augmentation of 
descending locomotor drive with DBS is potentially 
useful for improving walking in persons with SCI.

Transforming the body  
and augmenting  
the brain   
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Rehabilitation of traumatic brain 
injury with ExoAtlet

Ekaterina Bereziy
ExoAtlet, LLC, Russia

Voronov A.V., Petrushanskaya K.A., 
Pismennaja E.V. 

ExoAtlet is a lower-limb exoskeleton developed for 
rehabilitation of gait in severely impaired patients. 
Traumatic brain injury (TBI) is one of the disabilities 
to which this method is applicable. Three patients 
developed  spastic tetraparesis after TBI, with one of 
the legs most strongly affected. The gait significantly 
deteriorated in these patients. They walked slowly 
and uneasily, had difficulty maintaining balance; leg 
configuration was deformed. After 10-days of training 
in ExoAtlet, locomotion patterns dramatically improved, 
manifested by increases in joint angle range, elimination 
or reduction of equinus, decrease in pathologically flexed 
position of the leg, and removal of asymmetry between 
the right and left legs. Moreover, changes in kinematic 
and biomechanical parameters during the step cycle 
started to match the normal gait. These results suggest 
that ExoAtlet training is an efficient way to facilitate 
neural plasticity and rehabilitate the ability to walk.

On the search for cognitive and 
motor rejuvenation through 
virtual reality

Mel Slater
University of Barcelona, Spain

 

Previous work has suggested that immersion of elderly 
people in physical settings reminiscent of their youth can 
result in enhanced cognitive and physical functioning. 
In the ‘counter clockwise’ experiment by Dr Ellen 
Langer, this was achieved through participants staying 
for a week in a house, with every aspect organised as if 
they were decades in the past. However, such physical 
immersion is impractical at scale. In a recently started 
project we are recreating moments from the past in 
VR, focussing on famous rock concerts. The project 
involves people ‘revisiting’ significant concerts from their 
youth to give a powerful illusion of going back in time, 
taking part in events from 40 years ago. We explore the 
extent to which the ‘counter clockwise’ findings can be 
reproduced through a series of exposures in VR. We also 
develop our previous findings of the effects of virtual 
embodiment as a cognitive augmentation technique. 
This work is funded by the ERC Advanced Grant MoTIVE 
#742989-1.

Prosthesis with enhanced 
perception: from e-skin to 
neuromorphic encoding

Luke Osborn
Johns Hopkins University, USA

Andrei Dragomir, Joseph L. Betthauser, 
Christopher L. Hunt, Harrison H. Nguyen, 
Rahul R. Kaliki, Nitish V. Thakor 

Touch and pain are fundamental components that 
convey valuable information while also providing 
protection from damage. Advances in prosthesis control 
can aid an amputee’s ability to regain lost function but 
often lack meaningful tactile feedback or perception. 
Through peripheral transcutaneous electrical nerve 
stimulation (TENS) with amputees, we provide multiple 
sensory percepts, including pain, to the phantom hand. 
We use a multilayered e-skin with properties based 
on the behavior of receptors in the skin to provide 
neuromorphic tactile information to an amputee.  
The e-dermis enables a prosthesis and its user to 
perceive a continuous spectrum from innocuous to 
noxious touch through a neuromorphic interface that 
produces receptor-like spiking neural activity. We show 
the ability of the prosthesis and amputee to differentiate 
nonpainful or painful tactile stimuli using sensory 
feedback and a pain reflex feedback control system.

Brain augmentation via 
multisensory processes and 
sensory substitution

Micah Murray
University Hospital Center and University of 
Lausanne, Switzerland

Pawel J. Matusz, Lior Reich, Andrea Biasiucci, 
Shlomo Bentin, Amir Amedi 

We challenge two longstanding conceptions of 
functional brain organization that directly impact 
approaches for human augmentation. First, we overturn 
canonical models stipulating that information from the 
different senses is processed in relative independence 
and is only integrated at later, higher-order stages. 
Instead, we show that multisensory processes are 
pervasive, occur within primary cortices, and enhance 
perception and performance. Second and using this new 
model of multisensory processes as a springboard, we 
provide novel insights regarding the visual capacities 
that can be restored via sensory substitution even in 
congenitally blind individuals. Highly-tuned “visual” 
neural populations, including primary cortex, rapidly 
perform face and even orientation discrimination based 
on auditory inputs. Aside from the impact on designs of 
augmentation devices, our results emphasize how many 
brain regions may thus depend more on the task to be 
achieved than the inputs received.
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The promise of spintronics for 
non-invasive brain research

Stewart Barnes
University of Miami, Department of Physics, 
Coral Gables, Florida, USA

 

Spintronics is the use of magnetism in electronic 
devices. The application of these ideas to non-invasive 
neurological applications like transcrainial magnetic 
stimulation (TMS) and mgnetoencephalography (MEG) 
will be described. Based on fundamental physics it is not 
possible to “focus” magnetic fields, however cable theory 
and “in vitro” experiments show TMS couples to neurons 
via the gradient of the electric field resolved in the 
direction of the axon. With a suitable magnetic circuit, 
it is possible to focus this gradient and, to orientate 
this in the direction of the axon. For an effi cient device 
the magnetic field within the brain is essentially zero, 
i.e., eddy currents and the associated heating does not 
occur. The intrinsic focus can be improved and neuron 
population excited using a multi-coil design. While TMS 
machines are extremely ineffi cient, the spintronics 
approach to TMS using closed magnetic and regenerative 
electronic circuits reduces energy 5 orders of magnitude.

The future of brain 
augmentation:  
what is next?  

BrainHealth 2027: Harnessing 
plasticity to double brain 
performance

Sandra Chapman
Center for BrainHealth, The University of 
Texas at Dallas, USA

Geoffrey Ling, Ian Robertson, Mark D’Esposito, 
Vince Calhoun 

 
The most striking void in medicine today is the 
profound lack of attention to brain health, until it is 
lost. In contrast, heart health has improved by 50-70%, 
thanks to lifestyle changes. Our interdisciplinary team 
is pushing the frontier of brain plasticity to boldly ask 
whether we can “double brain health”. This presentation 
illustrates evidence showing gains in healthy adults: 
increased brain blood flow, higher network synchrony, 
enhanced neural efficiency, and white matter expansion 
following top-down cognitive training converging with 
gains in complex abstraction and innovative thinking. 
Additionally, we are examining brain potentiators such 
as tDCS, exercise, etc. We are testing the first ever 
scalable BrainHealth dashboard to measure strengthened 
capacity, greater resilience. We have worked with Special 
Ops team members, executives, elite athletes, law 
officers, senior citizens teenagers, etc. to train tactical 
strategies to seek continuous improvement in brain 
performance.
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Infrared lasers provide limitless 
energy for augmentation of brain 
function

Francisco Gonzalez-Lima
The University of Texas at Austin, USA

 

 

Infrared photons penetrate through the human skull and 
provide a limitless energy supply to the brain because 
infrared photons can augment cellular respiration. 
Augmentation of cellular respiration in the brain 
facilitates the augmentation of brain function. Like all 
cells in complex organisms, brain cells produce their 
metabolic energy by cellular respiration in a process 
called oxidative phosphorylation. The respiratory enzyme 
cytochrome-c-oxidase transfers electrons to oxygen, 
a process coupled with the addition of phosphate to 
ADP to form ATP inside mitochondria. We found that 
transcranial infrared laser stimulation photo-oxidizes 
cytochrome-c-oxidase and increases its affinity for 
oxygen utilization for metabolic energy production. 
We present physiological and behavioral data from the 
first series of placebo-controlled studies (N>400 adults) 
demonstrating that transcranial infrared laser stimulation 
facilitates brain oxygen metabolism and augments 
cognitive brain functions.

Brain implants to erase memories

Walter Glannon
University of Calgary, Canada

 

 
Deep-brain stimulation (DBS) can modulate 
dysfunctional circuits mediating sensorimotor, cognitive 
and emotional processing. Theoretically, DBS or a similar 
neuromodulating technique could selectively attenuate 
or erase a pathological fear memory by inactivating 
neurons and excitatory synapses constituting the 
memory trace. This could disrupt reconsolidation of 
the memory stored as information in the brain. Erasing 
fear memories identified as the source of anxiety, panic, 
phobia and posttraumatic stress disorder could be an 
effective therapy when these conditions fail to respond 
to other interventions, In this presentation, I discuss 
some of the neurobiological and ethical challenges in 
using DBS to erase fear and potentially other memories.

Epistemic and ethical 
considerations of future brain 
and body transformation and 
augmentation

Beatrice de Gelder
Maastricht University, the Netherlands

 

 
 There exist a variety of methods targeting neural 
processes wit the goal of directly and actively modifying 
some process or aspect of a process. In this presentation 
we will approach the issue of augmenting human 
abilities from a different angle. We will discuss how 
body augmentation can target affective and cognitive 
modifications and what epistemic and ethical dimensions 
are thereby revealed.
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Virtual spaces for refining 
brain-computer interfaces

Panagiotis Antoniou
Aristotle University of Thessaloniki, Greece

Alkinoos Athanasiou, George Arfaras, 
Apostolos Praftsiotis, Panagiotis D. Bamidis 

Virtual Environments (VEs) and Virtual Reality (VR) 
present both a new channel of communication and a 
safe training ground for disabled individuals when using 
Brain Computer Interfaces (BCIs). Noninvasive BCIs are 
still lacking in complex motor control, such as of natural 
or robotic arms along multiple degrees of freedom. Our 
work presents a solution for BCI brainwave modulation 
training. A simple custom VE/VR implementation is 
developed in Unity3D with a 3D representation of 
Virtual Robotic Arms (VRA). Users are able to train in 
accurate and robust control of the VRA by portable EEG 
sensors. Key innovation in this training process is the 
immediate visual feedback that tacitly reinforces the 
user’s brainwave training and the robustness of the BCI 
feedback loop. BCI development can benefit from virtual 
implementations for stimulus presentation and brainwave 
modulation modalities. Such applications harbor promise 
for motor rehabilitation and for innovations in assistive 
technologies.

The balancing act of 
Neuro-Wellness: a key to 
personalized brain augmentation

Hagit Alon
Joy Ventures, Israel

 

Neuro-wellness is an emerging field that encompasses 
existing research areas and focuses on necessary 
elements for improving or enhancing the resilience 
of healthy brain towards stress, emotional imbalance 
and instability, and understanding their underlying 
mechanisms. Neuro-wellness studies investigate emotion 
regulation states and uses neuromodulation techniques 
to enhance brain plasticity.
 
We postulate that successful, longitudinal brain 
augmentation goes hand in hand with widening our 
knowledge of the healthy pathways and homeostatic 
and allostatic processes and enhancing neuro-wellness. 
Even more so, neuro-wellness methodologies would be 
needed to come into play when considering personalized 
tailor-made brain augmentation. We propose to provide 
an overview of the recent advancement in the field of 
neuro-wellness, and how these can be coupled to brain 
augmentation. We will provide examples from research 
of mindfulness, BCI and affective computing and placebo 
effect.

EEG-neurofeedback as a 
neurorehabilitation tool for 
memory deficits: a phase 0 
clinical trial

Katia Andrade
ESPCI Paris, PSL Research University, Paris, 
France

Takfarinas Medani, Solofo Razafimahatratra, 
Nesma Houmani, Bruno Dubois, 
François Vialatte 

The idea of using brain computer interfaces (BCI) for 
cognitive rehabilitation is based on evidence suggesting 
that not only self-regulated brain signals, but also 
involuntary brain signals may provide information about 
the BCI user. These BCI systems acquire brain waves 
from an EEG and then utilize the biomarkers derived 
from the brain signal and adapt them to the user’s 
performance. The aim is to apply neuro-physiological 
regulation to foster cortical reorganization by targeting 
brain-wave correlates of functional deficits, thus 
promoting brain plasticity. Critically, brain plasticity 
has been observed in early-stages of dementia, thus 
constituting a great challenge for the development 
of “cognitive BCIs” focused on the rehabilitation of 
neurological patients. The main goal of this project is to 
promote brain plasticity through EEG-neurofeedback in 
individuals with Subjective Memory Complaints. It is a 
Phase 0 clinical trial.

Poster 
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The prefrontal cortex attention 
spotlight explores space 
rhythmically

Gaillard Corentin
Institut des sciences cognitives Marc 
Jeannerod, France

Fabio Di Bello, Sameh Ben Hadj Hassen, Y
ann Bihan-Poudec, Rufin VanRullen, 
Suliann Ben Hamed 

 
Recent behavioral studies suggest that attention samples 
space rhythmically Oscillations in brain activity have 
been described as a possible mechanism supporting 
attentional processes. However, the precise mechanism 
through which this rhythmic exploration of space is 
subserved remains unknown. In a previous study (Astrand 
et al., 2016), we applied machine learning methods 
to ongoing monkey prefrontal multi-unit population 
activity, to decode, in real-time, the (x,y) location of the 
attentional spotlight. Here, we demonstrate that the 
overall decoded spatial attention information that can be 
extracted from population multi-unit activity oscillates at 
a 7-12Hz rates. Critically, these oscillations in attentional 
information modulate stimulus encoding and overt 
behavior. Using these specific oscillations, access to 
attentional process information can be optimized thus 
participating to the development of high-information 
content cognitive brain machine interfaces.

Capturing and boosting the 
occurrence and duration of 
self-related thoughts

Lucie Bréchet
EPFL/UNIGE, Switzerland

João Jorge, Denis Brunet, Gwénaël Birot, 
Rolf Gruetter, Christoph M. Michel 

To capture the stream of ongoing internal experiences is 
challenging, yet important in order to better comprehend 
the healthy and pathological thoughts. We studied 
the spatiotemporal dynamics of brain activity during 
the episodes of instructed thoughts with both high-
resolution 7-Tesla fMRI and high-density EEG. We find 
direct evidence for capturing the occurrence of thoughts 
that last for fractions of seconds, repeatedly occurring 
over time as integrated coherent activities of specific 
large-scale networks. Our novel methodology enables 
us to relate the observed fMRI brain networks to specific 
mental activities. With this innovative approach, we can 
gain a better understanding about how thoughts evolve 
in the minds of patients diagnosed with mental illnesses, 
such as depression, posttraumatic stress disorder, and 
attention deficit hyperactivity disorder, and we may be 
able to provide an early diagnosis of neurodegenerative 
disorders such as Alzheimer’s disease.

EEG dynamics and neural 
generators in slackline 
performance with and without 
virtual reality stimulation

Guy Cheron
Université Libre de Bruxelles, Belgium

Axelle Leroy, Ana-Maria Cebolla, 
Mathieu Petieau 

The experimental search of virtual reality stimulation 
(VRS) on the brain states can be realized by 
the combination of electromyographic (EMG), 
electroencephalographic (EEG) and electrocardiographic 
(ECG) signals during slackline training in skilled 
performers. This activity appeared as attractive because 
of the restrictive field of action and optimal balance. VRS 
of a first person view walking on a slackline placed about 
100 m height between two towers was presented to the 
subjects in standing, during real slackline performance 
and motor imagery. The EEG dynamics were compared 
during real and VRS conditions. The lower limb EMGs, 
the 3D kinematics and the ECG served as trigger for 
evoked related potentials (ERPs), evoked related spectral 
perturbation and intertrials coherency. The ERPs and 
EEG oscillations generators devoted to sensorimotor 
behaviour were studied with swLORETA showing the 
respective contribution of the different cortical areas, the 
cerebellum and the basal ganglia.

Poster Presenters

Architecture for using non-
invasive brain-computer 
interfaces in adaptive learning 
solutions

Razvan Bologa
Bucharest University of Economic Studies, 
Romania

 

In the context of the Industry4.0, new educational 
tools and processes are being implemented in order 
to overcome the limitations of traditional instructionist 
education. The current presentation describes how 
non-invasive brain-computer interfaces can be used in 
improving the efficiency of an adaptive learning solution 
designed for teaching coding to children aged 7 to 15. 
The solution is currently being developed by an Eastern 
European start-up company. The adaptive learning 
solution is based on machine learning, text-to-speech 
and natural language understanding technologies. The 
brain-computer interface has two functionalities: (a) 
to obtain silent feedback from the children during the 
learning process and (b) to allow children to build simple 
applications where they can control basic functions of 
computing systems such as colors and sounds. The main 
benefit of using a brain-computer interface is that it can 
detect negative emotions and improve learning.
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Augmentation of cognitive 
performance in invertebrates

Varvara Dyakonova
Koltzov Institute of Developmental Biology, 
RAS, Russia

Maxim Mezeritzky, Dmitry Vorontsov, 
Tatiana Korshunova, Taisia Dyakonova, 
Dmitry Lapshin 

Physical exercise has been reported to enhance 
performance in various cognitive tasks. In contrast to 
the significant amount of data acquired in rodents and 
humans, surprisingly little is known on whether physical 
activity affects brain function in animals belonging to 
other taxonomic groups. The evolutionary origins and 
benefits of these effects remain uncharted territory. 
We presume that brain activation promote behavioral 
preadaptation to the less familiar environment reached 
after a period of intense locomotion. I will present our 
recent data obtained in invertebrates (molluscs and 
insects) suggesting that beneficial effects of intense 
locomotion on cognitive performance might have deep 
roots in evolution and that the origins of such effects can 
be unravel at the single neuron and network levels I will 
also address the question, what is the cost of cognitive 
augmentation in biological terms.

Direct transcranial current 
stimulation (tDCS) and speech 
therapy in autism spectrum 
disorder (ASD) children

Plamen Dimitrov
Medical University of Varna, Bulgaria

Mariyana Mihailova, Peter Petrov, 
Ivan Aleksandrov 

Most studies to date indicate tDES as a complementary 
method for treating depression, anxiety and sleep 
disorders and as an effective tool for memory support 
and improving IQ. The purpose of this study is to present 
how the tDES can help develop the speech production 
and behavior in autistic children with language delay. 
Contingent are 27 children classified in the ASD with 
language impairment and retardation. One speech 
therapist has had looped sessions for 6 months before 
the tDES stimulation and 6 months after. For initial 
assessment, we used qEEG brain mapping to analyze the 
changes and the origin of interest, where to locate the 
stimulating electrodes. We found specific differences 
in the brain functioning (_ spectrum). We used another 
test battery to monitor the child development -DAYC by 
Judith K. qEEG monitoring shows effect of therapy and 
late side effects during the next 12 months. Six months 
after speech therapy combined with tDES we have all 
children to pronounce words.

An augmented-reality-based 
prototype to deliver memory 
cues to the cognitively impaired 
patient

Giuseppe D’Avenio
Italian National Institute of Health, Italy

Mirko Rossi, Mauro Grigioni 

Degenerative diseases have an ever increasing incidence 
due to the longer average lifetime. Thus, a huge 
burden is being put on health care services and on 
the caregivers, who must try to cope with an evolving, 
dishabilitating illness. One of the earliest symptoms of 
neuronal degeneration is loss of memory. It is of interest 
to investigate the possibility to reverse, at least partially, 
such loss. A clear improvement was found (Serino 
et al, 2017) in long-term spatial memory after virtual 
reality (VR)-based training for patients with Alzheimer’s 
disease. In this study, with similar purpose, we used an 
augmented reality (AR) application developed for head-
mounted devices to track in real time suitable markers 
positioned in the domestic landscape, and convert 
them in memory cues (pictures, sounds...) to remind 
the subject of, e.g., the person associated to a particular 
place or the typical action of an object. A clinical trial is 
being designed to test the system with MCI subjects.

Real-time decoding of covert 
attentional spotlight from 
monkey prefrontal local field 
potentials

Carine De Sousa Ferreira
Institut des sciences cognitives Marc 
Jeannerod, France

Gaillard C., Loriette C., Ben Hadj Hassen S., 
Di Bello F., Ben Hamed S. 

Ability to access brain information in real-time is 
important both for a better understanding of cognitive 
functions and for development of therapeutic 
applications based on brain-machine interfaces. Progress 
is still needed in decoding higher-order cognitive 
processes such as covert attention. Recently, we showed 
that we can access the position of covert attentional 
spotlight using classification methods on frontal eye 
fields multi-unit activity (MUA) in non-human primate. 
To extend our findings and get closer to non-invasive 
techniques, we here replicate our previous work using 
local field potentials (LFP). We evaluate performance 
of machine learning methods at extracting attentional 
spotlight from LFP signal. We further quantify how much 
this information correlates with behaviour. This study 
confirms that attention spotlight can be accessed from 
LFP and can be used to drive high-information content 
cognitive brain machine interfaces for development of 
new therapeutic strategies.
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Vibro-tactile P300 brain-
computer interface tools 
in patients with unresponsive 
wakefulness syndrome to 
assess command following and 
to communicate

Chistoph Guger
Guger Technologies OG, Austria

Rossella Spataro, Katrin Mayr, Günter Edlinger 

Diagnosis of DOC might coincide with motor disablities, 
aggravating the assessment of spared cognitive abilities. 
Non-invasive BCI technology can provide additional 
information to assess these patients’ cognitive function 
and sometimes even allow YES/NO communication. Two 
vibrotactile BCI assessments aiming to detect command-
following and communication in 12 UWS patients were 
administered at least once: i) 2 vibro-tactile stimulators 
fixed on the left and right wrists (VT2) and ii) 3 vibro-tactile 
stimulators fixed on both wrists and the back (VT3). Patients 
should count mentally the stimuli on one target wrist, which 
elicits a robust P300. The EEG data around each stimulus 
was extracted, classified with linear discriminant analysis 
and used to calibrate a BCI to test YES/NO communication 
abilities. The grand average VT2 accuracy was 38.3% and 
the VT3 accuracy 26.3%, with a significance threshold of 
23%. Two patients achieved a VT3 accuracy ≥80% and went 
through communication testing.

A brain-computer interface 
group study for motor 
rehabilitation of chronic stroke 
patients

Chistoph Guger
Guger Technologies OG, Austria

Woosang Cho, Katrin Mayr, Günter Edlinger 

Using the neuronal activity of patients’ motor intention to 
control external devices to provide appropriate sensory 
feedback to the CNS leads to a reorganization of the 
neuronal network due to neuroplasticity. Timely sent 
feedback and multiple training sessions are key. A BCI 
controlled avatar (forearms in first-person view) and FES 
(smooth passive wrist dorsiflexion) provide the visual 
and proprioceptive feedback respectively. Patients had 
to imagine left or right wrist dorsiflexion based on the 
randomized instruction sequences. Feedback was triggered 
only upon correct classification determined by linear 
discriminant analysis and common spatial filter. 25 training 
sessions of BCI feedback sessions were done over 13 weeks. 
The primary clinical measure was upper extremity Fugl 
Meyer assessment (UE-FMA) for motor impairment. Others 
were used to exam spasm, tremor and level of daily activity. 
In 27 chronic stroke patients the study showed an average 
improvement of the UE-FMA of 8 points.

Network neuroscience for 
assessing neuroplasticity in the 
aging brain

Christos Frantzidis
Laboratory of Medical Physics, Greese

Aikaterini Vraka, Vasiliki Zilidou, 
Panagiotis Antoniou, Alkinoos Athanasiou, 
Panagiotis D. Bamidis 

This study employs network neuroscience paradigms 
and presents findings of neuroplasticity changes induced 
by cognitive and physical training. An elderly group 
performed a combination of computerized cognitive 
and physical (LLM) training and was compared with 
traditional Greek dancing and an active stimulation 
group. We evaluated these groups through resting-state 
electroencephalographic (EEG) examination. EEG analysis 
focused on cortical activity of regions located on the 
Default Mode, fronto-parietal and executive networks. We 
investigated changes in the cortical functional connectivity 
due to the intervention. Brain network properties were 
also estimated through graph theory. Results show that 
LLM and dance training induced neuroplasticity effects 
within parahippocampal gyri and medial frontal cortices. 
Future work, including affective tutors presented through 
mixed reality interfaces, may increase adherence and will 
aim to improve participants’ performance.

Transcranial direct current 
stimulation (tDCS) over 
parietal cortex induces sustained 
improvement in associative 
memory

Saša Filipović
Institute for Medical Research, Universiy of 
Belgarde, Serbia

Jovana Bjekić, Marija Čolić, Katarina Vulić, 
Marko Živanović, Sladjan Milanović 

Associative memory (AM) plays crucial role in everyday 
functioning, and it is affected by different neurological 
conditions as well as by normal aging. Stimulation of 
parietal areas could lead to higher performance in AM 
due to high connectivity between posterior parietal 
cortex (PPC) and hippocampus. There were two separate 
experiments, within each subjects had both active and 
sham stimulation, 7 days apart. Anodal electrode was 
placed at P3 in Exp. 1 (N=20) and at P4 in Exp. 2 (N=20). 
Participants completed parallel forms of an AM task 
(Exp. 1: face-word task; Exp. 2: object-location task). 
Performance was measured immediately, 24h, and 
5 days after each of the stimulation session. In both 
experiments, AM was better after anodal stimulation 
compared to sham stimulation. The effect persisted even 
5 days following the stimulation. In two separate but 
related experiments we demonstrate that single-session 
tDCS over PPC can induce lasting improvement in 
memory performance.
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Reading into the mind’s eye: 
automatic recognition of visual 
classes from EEG brain signals

Marius Leordeanu
University Politehnica of Bucharest, Romania

Nicolae Codlenco, Nirvana Popescu 

Predicting thought from EEG brain signals is one of 
the most exciting research problems in neuroscience 
and artificial intelligence today. The task is very difficult 
as it requires relating the often noisy, low level EEG 
signals to complex and highly semantic categories. We 
propose a novel and completely automatic method 
to recognize the visual classes observed by human 
subjects from actual EEG signals recorded in realtime 
with a commercially available headset. We take a deep 
learning approach with recurrent Long Short Term 
Memory networks, capable of modeling spatiotemporal 
dependencies in the data. Our experiments clearly 
demonstrate that it is possible to predict visual classes 
from brain signals with accuracy of over 90%. Our tests 
also show that the recognition of such classes depends 
on data from different parts of the brain and improves 
when information is integrated over time. The result 
indicates that high level vision strongly depends on 
semantic spatiotemporal context.

Towards autonomous 
rehabilitation: repeated 
tactile feedback can improve the 
construction of cognitive maps 
prior to exploration in visually 
impaired persons

Fabrizio Leo
Istituto Italiano di Tecnologia, Italy

C. Baccelliere, E. Cocchi, L. Brayda 

We tested the effectiveness of a pin array matrix (PAM) 
in visually impaired (VI) participants in an orientation and 
mobility task. They haptically explored a map showing 
a representation of a room on the PAM including also 
a symbol indicating a virtual target position. Then, 
participants entered the room and attempted to reach the 
target, three times. While a control group only reviewed 
the same map on the PAM between trials, an experimental 
group received an updated map representing, in addition, 
the position they actually reached in the room. The 
experimental group got significantly closer to the target 
and was faster. Blind participants tended to overestimate 
distances. Low vision participants tended to overestimate 
the distance for closer targets and to underestimate 
the distance for farther targets. Overall, VI tended to 
compress the space towards the center of the room. Our 
results show that repeated tactile feedback can serve as 
novel tool in self-rehabilitation protocols.

Adaptive and neuromorphic 
texture discrimination for upper 
limb prostheses

Mark Iskarous
Johns Hopkins University, USA

Harrison Nguyen, Luke Osborn, Joseph 
Betthauser, Nitish Thakor 

Active touch sensing is a critical information-seeking 
sensory system lost by amputees that needs to be 
restored in upper limb prostheses to enable tactile 
exploration and manipulation. To that end, we 
investigated the classification of neuromorphic tactile 
encoding of textures using an unsupervised learning 
method and developed an adaptive classification 
algorithm to detect and characterize the presence of 
new texture data. The neuromorphic tactile encoding of 
textures from a multilayer tactile sensor was based on the 
physical structure and afferent spike signaling of human 
glabrous skin mechanoreceptors. In this work, tactile 
information is transformed into neuromorphic spiking 
activity that can be used as a stimulation pattern to elicit 
texture sensation for prosthesis users. Furthermore, we 
provide the basis for identifying new textures adaptively 
which can be used as a way to actively modify stimulation 
patterns to improve texture discrimination for the user.

Mapping Facial Muscle Activation 
for artificial emotional 
intelligence

Lilah Inzelberg
Tel Aviv University, Israel

David Rand, Stanislav Steinberg, 
Moshe David Pur, Yael Hanein 

Facial expressions’ recording is an important element in 
artificial emotional intelligence. They involve muscles’ 
co-activation and depend on affective interpretation 
and on social context. Accordingly, while high-
resolution recording of muscle activation patterns, in 
a non-interfering setting, offers exciting opportunities, 
it remains an unmet challenge. We present a wearable 
and non-invasive method for objective mapping of 
facial muscle activation and demonstrate its application 
in a natural setting. The technology relies on recently 
developed dry-soft arrays, specially designed for surface 
electromyography. We customized an independent 
component analysis algorithm to construct the desired 
musculature mapping. The algorithm identifies the 
activation sources in a subject-specific manner, 
insensitive to electrode placement and anatomical 
diversity. Our high-resolution and crosstalk-free 
mapping, open new opportunities for objective affective 
processing and brain-machine interface.
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Legal and privacy issues in 
a world of cyborgs, bcis, hive-
minds and augmented brains: a 
general overview of problems 
and approaches to possible 
solutions in a high-connected 
ecosystem

Gianluigi M. Riva
University College Dublin, Republic of Ireland

 

The world is witnessing an exponential increase in the 
advancement of invasive technologies. Brain-Computer 
Interfaces (BCI), embodied microchips, mind-reading 
tools and others high-tech devices are not the future, 
but the present. Artificial Intelligence (AI) is likely to 
become the proxy manager of this smart environment in 
the form of Digital Assistants (DA), that will filter, handle 
and process Human to Machine (H2M) and Machine 
to Machine (M2M) relationships. For these reasons, 
such invasive technologies need ‘regulations by design’ 
approaches, in order to prevent – rather than to react 
to – the challenging changes that humankind will face in 
few decades, such as the evolutionary divide potentially 
caused by eugenic techniques and human-technology 
merging. The presentation will analyse the various ethical 
and legal dilemmas related to it and to the protection of 
private information within the mind.

Vagus nerve stimulation for 
irritable bowel disease healing

Michele Papa
Università della Campania Luigi Vanvitelli, Italy

D. Yucuma, A. Gonzalez-Alvarez, G. Cirillo, 
Stefan Kampusch, Eugenijus Kaniusas, 
F. Panetsos 

Inflammatory bowel disease (IBD) groups several 
autoimmune diseases characterized by chronic 
inflammation of the gastrointestinal tract. IBD disease has 
no cure. The vagus nerve (VN) detects and modulates 
inflammatory processes thought the activation of the VN 
general visceral sensitive endings by the inflammatory 
mediators. We aim at achieving a neuroprosthetic IBD 
modulation through minimally-invasive VN stimulation 
to activate the cholinergic anti-inflammatory pathway, 
which reduces TNF-_, IL-6, IL-1_ release. Such 
modulation is done through a) the cholinergic anti-
inflammatory pathway and b) the hypothalamic pituitary 
adrenal axis. VN stimulation activates cholinergic 
receptors both, a7nAChR and M3AChR. Here we present 
preliminary results of short-term effective modulation 
of the autonomic system by means of subcutaneous 
Auricular VN stimulation of young rats. This may allow for 
an individual optimization of therapeutic outcome with 
respect to a closed-loop stimulation paradigm.

Fine tuning of tactile sensory 
neuroprostheses: behavior of 
proprioceptive and nociceptive 
amputated ganglia sensory 
neurons under neuroprosthetic 
stimulation

Fivos Panetsos
Universidad Complutense de Madrid, Spain

A. Virtuoso, A. Guedan-Duran, N. Jemni-Damer, 
I. Orueta-Zenarruzabeitia, Y. Martin-Martin, 
A. Cordoba-Claros, C. Herrera-Rincon, 
S. Venteo, P. Carroll, G. Cirillo, M. Papa 

Future neuroprostheses will separately connect sensors and 
motors to the corresponding sensory and motor neurons. 
Specialized sensors should also individually connect 
and stimulate their corresponding sensory neurons: 
exteroceptive, proprioceptive, and nociceptive. We are 
working on the differential regeneration of the 4 types of 
amputated nerve fibers towards their artificial targets and 
on the specific effect of the electrical stimulation to the 
corresponding neurons by the future neuroprostheses. 
Here we show that 1) biofunctionalized biomaterials of non-
homogeneous geometry using neuromimetic gradients to 
release neurotrophic factors allow selective regeneration of 
the severed axons 2) neurostimulation has heterogeneous 
effects on primary nociceptive and mechanoceptive/
proprioceptive neurons 3) artificial input mainly acts on 
specific nociceptive and mechanoceptive neurons 4) 
neuroprosthetic stimulation could be used to modulate 
peripheral nerve injuries-induced neuropathic pain.

Injecting instructions into 
premotor cortex using 
intracortical microstimulation 
– implications for augmenting 
the brain

Kevin Mazurek
University of Rochester, USA

Marc H. Schieber 

Premotor cortex (PM) translates visuospatial inputs 
received from parietal cortex into programs for particular 
movements, which PM communicates to the primary 
motor cortex. Consistent with this function, intracortical 
microstimulation (ICMS) in PM of sufficient frequency, 
amplitude, and duration evokes complex movements. 
But using amplitudes and frequencies too low to evoke 
muscle activity, we found ICMS at different electrodes 
in PM can provide instructions to perform different 
movements. Rather than being fixed, the associations 
between the arbitrary PM ICMS locations and particular 
movements were learned, as shown by re-learning after 
electrode-movement associations were shuffled. Thus, 
low-amplitude ICMS at different PM locations evokes 
distinguishable qualia that can be learned, providing 
a novel means of injecting information into the brain. 
Injecting arbitrary information into PM and other 
association areas may provide the efferent component of 
BCIs that augment brain function.
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Context of psychotropic  
drug delivery modulates its 
neurobehavioral effects: the case 
of methylphenidate

Roy Sar-el
Tel Aviv University, Israel

Gal Raz, Nitzan Lubianiker, Haggai Sharon, 
Talma Hendler 

Pharmacotherapy is substantially hindered by poor drug 
targeting, resulting in low specificity and efficacy. Here, 
we tested a novel, non-invasive targeting approach 
(termed functional-pharmacology), which couples 
drug administration with a task that activates the drug’s 
sites-of-action, thus possibly improving absorption 
and efficacy. Methylphenidate (MPH) or Placebo were 
administered to healthy subjects, which performed a 
cognitive induction/ control task. N-Back fMRI before 
and after drug-task coupling measured therapeutic 
effects. Only following MPH, subjects that performed 
better in the cognitive induction task showed greater 
improvements in N-back performance. Only under 
MPH-Cognitive recruitment of N-Back rDLPFC activation, 
and a concurrent improvement in task performance. 
Importantly, mediation analysis suggested a causal role 
of the rDLPFC in these coupling effects. Results open 
a new horizon for patient-tailored, context-driven 
augmentation of neuropsychiatric drug treatment.

Brain interfacing through flexible 
graphene solution gated field 
effect transistors

Maria V. Sancvhez-Vives
IDIBAPS, Spain

Miguel Dasilva, Eduard Masvidal-Codina, Xavi 
Illa, Alex Suarez-Perez, Andrea Bonaccini 
Calia, Elisabet Prats-Alfonso, Javier Martínez-
Aguilar, Jose M. De la Cruz Sanchez, Ramon 
Garcia-Cortadella, Elena Del Corro, Jessica 
Bousquet, Clement Hébert, Rosa Villa, Jose A 
Garrido, Anton Guimerà-Brunet 

Microelectrode technology was the gold-standard for 
electrophysiological recordings for 70 years due to easy 
fabrication and good recording capabilities. Alternative 
recording technologies based on field-effect transistors 
(FETs) were proposed in the early 1970’s, however, 
its translation to commercial devices was hampered 
by its low SNR, lack of recording equipment in labs 
and biocompatibility. We argue here that graphene 
is one of the most promising material candidates for 
neural interfacing thanks to its biocompatibility, low 
dimensionality, mechanical flexibility and electronic 
properties. We also report recent data supporting that 
graphene in solution-gated FETs (SGFET) are suitable for 
_-ECoG recordings through studies of cortical slow wave 
activity, epileptic activity and sensory responses. Our SNR 
comparative studies demonstrate that graphene SGFET 
is approaching state-of-the art technology, additionally 
allowing recording of ultraslow frequency signals.

Photopharmacological 
modulation of brain waves

Maria V. Sanchez-Vives
IDIBAPS, Spain

A. Barbero-Castillo, F. Riefolo, 
S. Caldas-Martinez, P. Gorostiza 

The use of light to manipulate neuronal activity has 
revolutionized the way we study the brain and is a 
promising method to develop phototherapies for 
neurological diseases. Best known is optogenetics, that 
requires genetic manipulation to overexpress exogenous 
light-regulated proteins. A powerful alternative to 
optogenetics is offered by photopharmacology, which 
uses light-regulated drugs acting on endogenous 
receptors and channels without genetic manipulation 
allowing high spatiotemporal control of neuronal activity. 
These drugs can also be used as tools to study brain 
processes such as brain waves. Cortical slow waves 
spontaneously emerge during deep sleep and anaesthesia. 
The cholinergic system modulates this emergent activity 
and it has been suggested that it plays a key role in sleep, 
learning, memory consolidation and retrieval. Here we 
used novel cholinergic photopharmacological tools to 
control the spatiotemporal properties of slow waves using 
specific light wavelengths.

The Effect of Music on neonatal 
brain: Diffusion MRI ROI and 
tractography analysis

Joana Sá de Almeida
Unige-HUG, Switzerland

Lara Lordier, Matteo Bastiani, Nicolas Kunz, 
François Lazeyras, Petra Hüppi 

 
Prematurity is often accompanied by neurodevelopmental 
impairments since it occurs when brain is maturing and 
vulnerable to stressors. Music can trigger neural substrates 
later implied in cognitive-emotional functions and thus 
modulate neural networks affected by prematurity. 
Using diffusion tensor imaging (DTI) we aimed to 
assess prematurity and music impact on newborn brain 
maturation. DTI was acquired at term in 30 preterm 
infants: 15 exposed to music (PTM) during neonatal stay 
and 15 without music exposition (PTNM); and 15 full-term 
newborns. Region of interest (ROI) and tractography based 
analysis were used to derive white matter DTI measures.  
Mean fractional anisotropy (FA) of the average of 20 
ROI was significantly higher in term vs PTNM and not 
significantly different between term vs PTM. Tractography 
analysis of acoustic radiations showed significantly higher 
FA in PTM vs term. For uncinated fasciculus, PTM had 
significantly higher FA and significantly lower MD values 
vs PTNM.
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Building the path to resilience in 
preterm infants

Vanessa Siffredi
University of Geneva, Switzerland

Maria Chiara Liverani, Lorena Freitas, 
Russia Ha-Vinh Leuchter, 
Jiske de Albuquerque, Alexandre Caddoux, 
Cristina Borradori-Tolsa, Petra Hüppi 

 
School-aged preterm children are at greater risk of 
exhibiting socio-emotional, memory and executive 
difficulties than their term-born peers. In a cohort of 
preterm children (<32 weeks’ gestation) aged from 6 
to 13 years old, we will assess the effectiveness of two 
intervention programs in improving socio-emotional, 
memory and executive functioning. Furthermore, the 
associated post-intervention neuroplasticity will be 
investigated using neuroimaging. To our knowledge, this 
study will be the first longitudinal randomised controlled 
trial to assess the effectiveness of a socio-emotional skills 
training and a mindfulness-based intervention in school-
aged preterm children, while incorporating advanced 
imaging techniques to investigate neural structural and 
functional connectivity changes associated with these 
interventions. If effective, these interventions would serve 
as valuable, available tools for improving developmental 
outcomes for this population.

The effect of additional 
neurocognitive load on 
physiological and perceptual 
responses on traditional 
resistance training and 
endurance performance

Walter Staiano
University of Valencia, Spain

Grant, Hayes 

Neurocognitive interventions produce changes in 
brain processes and affecting fatigue perception. 
Some of them, aimed to induce mental fatigue, 
proved to decrease following physical performance. 
We investigated the effect of neurocognitive overload 
on physiological and psychological responses during 
resistance training and cycling performance. 12 
subjects completed a resistance training followed 
by 20 min cycling test in 2 conditions. In the main 
condition they were completing neurocognitive tests 
alongside resistance training and cycling performance. 
In the control condition they were watching neutral 
videos. Results showed that subjects completing 
the neurocognitive tests they showed an increase in 
perceived effort and mood alterations leading to a 
decrease in physical performance, with no changes 
in physiological parameters. The study proved that 
prolonged exposure to specific neurocognitive tasks 
produces alteration in perceived effort which negatively 
impacts physical performance.

The importance of considering 
consciousness and volition in 
brain augmentation through 
brain-computer interfacing

Sergei Shishkin
NRC “Kurchatov Institute”, Russia

Ignat A. Dubynin, Boris M. Velichkovsky 

It is often expected that “melding mind and machine” 
using brain-computer interfaces (BCIs) will improve 
human’s intellectual abilities. However, a machine may 
misinterpret brain signals, or use information from 
the brain that was not intended to share with it. It is 
unclear what a machine should consider as human will 
if several wishes are present at the same time. Thus, 
understanding will formation and our abilities to monitor 
will expression in interaction with machines are critical. 
Because of the limitations of conscious processes it 
could be useful to design ways to monitor BCI-based 
will expression unconsciously but reliably. Fast eye-
brain-computer interfaces (Protzak et al., 2013; Shishkin 
et al., 2016) may serve as a model for studying these 
aspects of interaction. They may become a tool for 
brain augmentation themselves, by freeing resources for 
consciousness and volition. 
Acknowledgement: this work was supported by the grant 
18-19-00593 from the Russian Science Foundation.

Do we know what we are about  
to do? A Brain-Computer 
Interface Study of Intention
 Awareness

Matthias Schultze-Kraft
Bernstein Center for Computational 
Neuroscience Berlin, Germany

Elisabeth Parés, Karla Matic, Patrick Haggard, 
John-Dylan Haynes 

The readiness potential (RP) has consistently been 
identified as neural correlate of voluntary action. It remains 
unclear, however, whether we have prospective insight 
into this process. Using a real-time approach, participants 
performed self-paced button presses with occasional 
interruptions of either GO (“Press now”) or STOP (“Don’t 
press”) signals, and an additional prompt to indicate “Where 
you about to move when you saw the signal?”. Building 
on previous work (Schultze-Kraft et al., 2016), probes were 
elicited by a BCI when a RP was either present or absent. 
We found that the probability of reported awareness 
was not affected by the occurence of an action after the 
probe (GO vs. STOP) but by the presence/absence of a 
RP before the probe if prompted within 300ms before an 
overt movement. These findings suggest that awareness of 
intention in voluntary action is a process running in parallel 
to motor preparation, emerging prior to action and thus 
involving a prospective component.
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Probing the role of the posterior 
parietal lobe in disembedding 
and x-ray threat detection: 
a transcranial direct current 
stimulation (tDCS) study

Jennifer Wagner
Abertay University, UK

Elena Rusconi 

Inspection of luggage using x-ray screening remains 
a key security measure. Technological advancements 
can provide some help to the human operator in 
identifying threats, yet the operator’s search and object 
identification skills still determine overall task success. 
Robust evidence highlights the role of the right posterior 
parietal lobe (PPC) in visuospatial tasks. However, more 
recent evidence has identified the left PPC as salient 
in disembedding. This between-subjects pilot study 
investigated the efficacy of tDCS over the parietal 
lobe on screening performance. 34 participants were 
administered either 20 minutes of off-line: anodal left 
PPC stimulation, anodal right PPC stimulation or sham 
stimulation. The results show significant improvement 
in screening performance, in terms of sensitivity to the 
signal, for those in the left PPC group over the sham 
group. These preliminary findings offer support for 
involvement of the left PPC in a heavily detail-centric 
visual search task.

Magnetic stimulation of the brain

Krishnan Thyagarajan
Palo Alto Research Center Inc. (PARC), USA

Dr. Seung Woo Lee, Rene Lujan, Qian Wang, 
Prof. Shelley I. Fried 

Bidirectional brain-machine interfaces will play a 
significant role in the domains of healthcare and 
rehabilitation, in the future. Progress in the field requires 
a deeper understanding of the neuroscience of the brain, 
innovation in the physics and engineering of hardware 
used to read and write into the brain, and discussion of 
privacy and ethical issues that such devices will bring to 
the table. A pioneer of user-machine interfaces, PARC 
is collaborating with academic and industrial partners 
to conceive of, develop, prototype and test hardware 
for a diverse set of biomedical applications including 
stimulation of the motor and visual cortices for aiding 
in movement and sight and deep brain stimulation to 
address depression and anxiety-related issues. This 
talk will focus on implantable magnetic microprobes 
that enable high specificity and effectiveness of 
neurostimulation and will touch upon work on a 
compact platform for non-invasive modulation and 
sensing of brain activity.

Caffeine protects cognitive
performance under sleep
deprivation beyond promoting
alertness

Eugene Aidman
DST Group, Australia

Michael Balin, Kayla Johnson, Simon Jackson,
Gemma Paech, Maja Pajcin, Crystal Grant, 
Elizabeth Mitchelson, Gary Kamimori, 
Justin Fidock, Chris Della Vedova, Siobhan
Banks 

Caffeine is widely used to promote alertness and protect 
cognitive performance under challenging conditions, 
such as sleep loss. Here we show, in a placebo-
controlled, 50-hr total sleep deprivation (TSD) study that, 
in addition to mildly reducing sleepiness, caffeine can 
disrupt its degrading impact on performance errors in 
tasks ranging from standard cognitive tests to simulated 
driving. By adding real-time drowsiness monitoring 
to our TSD protocol we found that caffeine produced 
only a modest reduction in sleepiness (compared to 
our placebo group) but substantial performance gains 
in vigilance and procedural decisions, that were largely 
independent of the actual alertness dynamics achieved. 
The magnitude of this disrupting effect was higher for 
more complex cognitive tasks. The possible mechanisms 
and potential applications of this unexpected effect are 
discussed.


