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INTRODUCTION 

The V4 Leadership for Horizon Europe - telemedicine project aims to streamline healthcare and 

the use of new technologies for monitoring and prevention of various types of diseases of 

civilization. The project is co-financed by the Visegrad Fund, which primarily supports regional 

cooperation of the Visegrad countries. 

 

The unique project idea is to provide general public with materials for potential future R&D 

projects in the area of telemedicine. The intention is to raise awareness of new technologies that 

determine the future efficiency of health systems, explore the potential and put more focus on new 

communication technologies and its potentiality to bring patients to doctors providing sets of data 

for proper decisions and thus speed up and streamline treatment. 

 

Numerous discussions among experts were the basis for publication. Their contribution is to 

determine the vision of future research in the field of telemedicine with possible implications for 

the functioning of health systems in the V4 countries with a potential being a guide for 

interconnecting the world of technology with medicine. 

 

As part of the project, publications were also created thematically focused on: 

The future of telemedicine. The vision for R&D projects in Cardiology 

The future of telemedicine. The vision for R&D projects in Privacy-focused diagnostic 

The future of telemedicine. The vision for R&D projects in Population diseases  

 

 All publications are available on the project website: https://www.v4telemedicine.eu/. 
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INTRODUCTION TO TELEMEDICINE IN 

NEUROSCIENCE 

Telemedicine is the remote diagnosis and treatment of patients by means of telecommunications 

technology. Traditionally, it is comprised of voice and visual communication between the patients 

and their doctors, including examinations and treatment recommendations via phone and video 

calls. This level of telemedicine has the benefit of convenience for patients who are either immobile 

or live in isolated communities, or simply too busy to visit hospitals and healthcare centers. But in 

the era of wireless smart wearables and internet of things (IOT) devices as well as relatively low-

cost cloud infrastructure, the collection of high quality data of biosignals over prolonged periods 

of time is also possible.  

The benefits of these smart wearables are numerous. For instance, it is evidently crucial that 

critically ill patients or those who suffered sudden accidents or rapidly developed serious medical 

conditions are identified early and the local emergency departments are alerted. There is also a vast 

spectrum of possibilities how modern neuroscience could benefit from the existence of thus 

generated large databases, and these real-time health tracking devices paired with the power of 

artificial intelligence and the expertise of qualified physicians might also revolutionize diagnosis 

and treatment.  

In the following paragraphs, we are attempting to review the major current trends and ideas for 

possible future developments related to telemedicine in neuroscience.  
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CURRENT STATE OF RESEARCH AND DEVELOPMENT 

OF NEUROSCIENCE IN TELEMEDICINE 

As mobile and wearable, internet-connected devices become more and more sophisticated and 

prevalent, their capacity for telemedicine applications grows rapidly.  For example, there have been 

attempts to create wearable devices which could detect epileptic seizures. Empatica (Cambridge, 

MA, USA) has developed a medical-quality consumer wristband, called Embrace, that monitors 

stress signals to detect potentially deadly seizures and alert wearers and caregivers, so they can 

intervene. Another armband-like device called NightWatch, provided by LivAssured B.V. (Leiden, 

the Netherlands) warns caregivers remotely in the event of possible epileptic seizures during sleep. 

The SmartMonitor smartwatch, which also has a GPS tracking system, is another option in this 

area. Apart from the wearable devices, some solutions are focusing on detecting epilepsy during 

sleep via sensors placed under or integrated into mattresses. The MedPage and Emfit sensors are 

two examples of such methods.  

It would be even more beneficial if these smart devices could not only detect and report, but predict 

epileptic seizures as well. The scientific literature which addresses this problem is immense. Most 

algorithms have been developed based on the signals of electroencephalography (EEG) and 

electrocorticography (ECoG). The former is a non-invasive method, while the latter requires a 

surgical procedure to place the electrodes under the skull. ECoG signals have a much higher signal-

to-noise ratio, since they are not attenuated by the skull and the scalp, meaning the prediction 

algorithms based on ECoG signals are more effective. Most EEG headsets, if they are needed to 

be applied on a daily basis, are not also very practical and comfortable, even if there has been 

significant progress in this regard in the last few years. Zeto, Inc.'s "dry electrode" EEG headset, 

which has been approved by the U.S. Food and Drug Administration (FDA) in 2018, and 

supported by the Epilepsy Fund, is much easier to apply than traditional EEG caps which require 

conductive gels, but still quite cumbersome. Neunos is a Hungarian startup created with the aim 

of creating a minimally invasive, implantable device which not only predicts epileptic seizures, but 

also terminates them by transcranial electric stimulation before the seizures are generalized. 

Telemedicine is taking an increasingly big part in stroke management, too. A stroke can occur either 

when a blood clot or other object gets stuck in a blood vessel in the brain, blocking blood flow in 

a brain region (ischemic stroke), or when a blood vessel bursts within the brain (hemorrhagic 

stroke). In stroke management, we can distinguish three levels of intervention: the first level is 
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prevention and prediction. On this level there are mobile applications with question forms about 

risk factors such as high blood pressure, high blood cholesterol, smoking, etc. These applications 

can estimate the user’s risk of stroke over various periods of time and also give them lifestyle 

advices so that they can minimize the risks. Some more advanced systems can involve sensors 

related to risk factors: domestic or wearable air pollution sensors, blood pressure, or even blood 

flow dynamic monitors. Evidently, the application of computed tomography (CT) and magnetic 

resonance imaging (MRI) are not viable options for everyday use (yet), but there are developments 

of wearable ultrasound devices to monitor carotid artery stenosis, i.e. the narrowing of arteries 

which provide blood to the brain. The plaques on these arteries can detach and can cause an 

ischemic stroke. Headsets for measuring electroencephalographic (EEG) and functional near 

infrared spectroscopy (fNIRS) signals can be also useful in this regard, as they both contain markers 

which are useful in risk prediction.  

A second level of intervention by telemedicine to alleviate the damage caused by stroke can be the 

acceleration and refinement of emergency procedures once a stroke occurs. The immediate effects 

of stroke are numerous: problematic muscle movements, abnormal vision, problems with speech, 

loss of balance, impaired consciousness or even coma. The situation is most dangerous when the 

affected person is alone and precious time is lost before hospitalization. Camera-based alert systems 

or wearable devices with sufficient data processing and automated alerting capabilities can be key 

in mitigating the brain damage caused by the lack of oxygen or overpressure within the skull. It is 

notable that case of stroke care, a special form of telemedicine, called “telestroke”, has been in 

effect since the late 1990s, even before the COVID-19 pandemic made remote care essential in 

many other medical areas. The telestroke doctrine allows a few physicians who are experts in stroke 

to mentor their local colleagues on how to react to probable stroke cases. 

The third level of intervention against stroke (and several other sources of brain traumas) that 

telemedicine can offer is the acceleration and improvement of the rehabilitation. Survivors of brain 

traumas typically need special caretaking after they leave the hospitals as well as therapy sessions 

to restore their speech and movement capabilities. A recent study (Chen, 2020) involved 52 stroke 

patients with hemiplegia, who were assigned to either a home-based motor training 

telerehabilitation group or a conventional rehabilitation group for 12 weeks. The study revealed 

that the home-based motor training telerehabilitation was significantly more effective. It has turned 

out to be feasible, safe and efficacious for stroke patients to receive professional rehabilitation 

training at home. The telerehabilitation approach was also more successful in enhancing neuron 

connectivity. The authors encouraged the combined use of imaging biomarkers in motor training 

clinical studies in stroke patients.  
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Why were the remotely conducted sessions more effective? The authors of the study argued that 

lessened travel burden, which is an important factor for those who found it inconvenient with 

regard to time and distance to receive conventinal rehabilitation in hospitals or rehabilitation 

centers. Moreover, they claimed that the telerehabilitation approach could afford more 

opportunities for patients to participate and learn from the realistic family and social environment. 

These unintended and individualized exercises, including daily routines and social participation 

activities, together with the rehabilitation prescription training, may jointly explain 

telerahabilitation’s positive role. 

Another area where simple telephone call or video conferencing based solution is highly effective 

is the treatment of depression or other psychiatric conditions. Many who suffer from these 

conditions are not seeking professional help in person as they fear of social stigma. Moreover, the 

elderly might face mobility issues as well. Taking these into account, it is not surprising that the 

existence of remote “telemental health” services is a success story of telemedicine. 

In many cases, prevention and risk analysis is the key to tackle brain-related medical issues. To this 

end, GE Healthcare has developed a system called Clinical Information Logistics for integrating 

patient monitors, innovative parameters, wireless devices and corresponding IT services. Bittium 

Corporation (Oulu, Finland) is offering a compact wireless EEG measurement system for real-

time monitoring. The device comprises of a disposable 16 channel electrode setup with a light-

weight amplifier and a software which is designed to be intuitive for users not familiar with EEG 

devices and thus does not require prior knowledge of them. The 16 electrodes however only cover 

the frontal brain areas. CortiCare (Carlsbad, CA, USA) is also specialized in brain monitoring 

services via EEG. As the number and market penetration of such services grow, we can expect an 

overall progress in the treatment and diagnostics of brain-related medical issues.  

A particularly rapidly growing commercial industry which involves wearables is sleep tracking. 

Currently this segment is dominated by wristbands usually equipped with pulse oximeters and a 

combination of inertial motion units, i.e. accelerometers and gyroscopes. A unique alternative to 

these the dreem headset, which could measure EEG. Unfortunately, no longer available to be 

purchased by single consumers, as the company is now focusing on healthcare, research and B2B 

sectors.   
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As we can see from these examples, neuroscience-related telemedicine is a young, rapidly growing 

segment with a high volume of unexploited possibilities for researchers, for-profit companies, and 

most importantly, patients.  
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THE FUTURE OF TELEMEDICINE IN NEUROSCIENCE 

Future technologies, medical norms and changes in society will have a huge effect in telemedicine 

in neuroscience. It is impossible to reliably predict which products or services will become 

mainstream, and more importantly, what kind of follow-up products will be built upon those, like 

in recent history the personal computer industry on the microchip industry, the software companies 

on PCs, the internet on top of these, and the giants of social media, webshops, search engines and 

cloud services on top of the internet. Still, one can play around with envisioning the implications 

of current deep tech projects. The most famous of these ambitious projects in the realm neural 

engineering is probably Neuralink, a venture founded by Elon Musk, the chief executive officer of 

Tesla and SpaceX. His primary goal with Neuralink is the extension of human cognition by creating 

a high bandwidth link between the neocortex - i.e. the highest evolutionary development of the 

brain - and the internet. It is hard to grasp the volume of innovative applications of such a system: 

instant access of an immense amount of indexed data, installable knowledge, up-and downloadable 

memories, and the direct transfer of thoughts without the necessity of crunching them into words 

that can be easily misinterpreted. If we constraint ourselves to the neuroscientific aspects of the 

system, we can imagine an almost perfect diagnostic tool for the brain which can track neural 

activity in 24/7. If the data is fed to an artificial intelligence based watchdog, sudden anomalies or 

long-term trends in the behavior and capacity of the brain could be detected early. 

Augmented and virtual reality (VR and AR) are also technologies which might be disruptive in 

many areas, in spite of their recent downfall from the “Peak of Inflated Expectations” of the 

Gartner hype cycle. Even though Google Glass and Magic Leap have not managed to generate the 

consumer adaptation that has been predicted, new players in the market such as Microsoft 

Corporation with Hololens and Meta Platforms Inc. (formerly known as Facebook Inc.) with the 

Oculus project and Project Nazare are making rapid progress and starting to gain a lot of traction.  

So how could VR and AR aid the progress of telemedicine in neurosciences? A promising use case 

is in the field of medial training. AR makes the remote mentoring of neurosurgeon trainees by 

experienced surgeons more effective, by visualizing proper operation techniques and positioning 

of the surgical equipment during an operation. Camera-based motion capture systems such as the 

Leap Motion device can capture the hand movements of experienced surgeons. AR can also be 

helpful by projecting relevant information during an operation obtained by computer tomography 

(CT), magnetic resonance imaging (MRI), EEG or ECoG. For example, before an epilepsy surgery, 

critical brain areas which are responsible for movements and speech are 
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identified with ECoG electrode arrays. With AR, neurosurgeons will have this information (i.e. the 

extent of the critical brain areas) projected directly onto the operated brain. What’s more, the use 

of robotic-assisted surgery systems, such as the Da Vinci Surgical System can be easier and more 

effective by intraoperative image guidance delivered via VR or AR.  

Another futuristic concept is the application of bisoensors which are integrated into our everyday 

environment. A relatively simple approach in this domain is the utilization of RGB or infrared 

cameras to detect neural malfunctions. There are already some early examples for epileptic seizure 

detection (e.g. Seizure Tracker, Springfield, VA, USA and SAMi by Hipass Design LLC, Boulder, 

CO, USA). Early detection of dementia, Parkinson’s disease, depression, autism, attention deficit 

hyperactivity disorder, just to name a few conditions, might be good target goals of camera-based 

systems. But we could go one step further and imagine non-contact biosensors recognizing 

physiological signals such as blood oxygen saturation, heart rate, brain oscillations, remotely, 

without the need to wear them on the human body. This could be much more convenient than 

wearables, and users could be spared from the nuisances of cleaning, charging and other device-

tending activities.  

As the number of wireless wearable and non-contact biosensors is growing rapidly, the large 

databases they can provide give fuel to artificial intelligence based applications. It is possible that 

in the future, neuroscientists can work with immense, global databases which contain metadata 

from people’s everyday lives, giving them a new levels of insights. For example, these big data could 

show how stressed, focused, relaxed, fatigued people are as they are engaged in certain tasks, how 

a pandemic or the penetration of a new technology affects their mental well-being, what the effects 

and side-effects of new medical treatments are on the very long term. Artificial intelligence 

algorithms might find patterns in these global databases which could transform our view of human 

behavior and cognition. 

POTENTIAL OF V4 COOPERATION IN THE FIELD OF 

TELEMEDICINE FOCUSED ON NEUROSCIENCE 

The V4 is not very rich in raw materials, and not yet as industrially advanced as Western European 

countries. The top exports of these countries are cars and vehicle parts. Nevertheless, a large pool 

of high quality workforce in manufacturing, hardware and software development is present in these 

countries. The region has been historically successful in raising world-class scientists and medics, 

such as Marie Curie, John von Neumann, Ignác Semmelweis, Johann Gregor Mendel, Edward 

Flatau, to name only a few. In this context, it is likely that research, development and worldwide 
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commercialization of high tech medical products, including hardware, software and services, could 

be instrumental in the way V4 countries could transit to Industry 4.0 - a concept encompassing 

new digital technologies like automation and robotisation, 3D printing, machine learning or 

artificial intelligence. 

 

It is safe to state that the entrepreneur mentality is on the rise in the V4, and success stories in the 

medtech sector are already available to inspire the future generation: Richter Gedeon, Proteon 

Pharmaceuticals, Scope Fluidics, Zentivia, Biotika, 77 Elektronika, etc. Given the similarities in the 

current status in socioeconomics and industrialization of the V4 countries, as well as their 

geological proximity it is highly likely that incentives are beneficial which foster cooperation in the 

field of telemedicine-enabled neuroscience, a highly promising medtech field as presented above. 
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BRIEF OVERVIEW OF PLANNED RESEARCH ACTIVITIES 

OF PARTNER INSTITUTIONS 

The experts of the project partners have identified several neuroscientific problems that they could 

work on together. After careful consideration, two of these have been elected to be discussed in 

further details.  The first one is a large-scale, longitudinal study evaluating biological and cognitive 

effects of long-term gamma frequency stimulation in patients with neurodegenerative diseases and 

in healthy individuals, while the second one is the development of a reliable and automatic 

detection and prediction method of cataplexy attacks in narcolepsy patients.  

According to the first proposed project, the consortium is planning to develop a treatment for a 

number of neurodegenerative diseases, primarily for Alzheimer’s disease and Huntington’s disease. 

Alzheimer’s disease is a progressive neurological disorder resulting in severe cognitive and memory 

impairments and the most frequent cause of dementia. It affects the daily life of tens of millions of 

people worldwide and with the aging population, the number of affected people will significantly 

increase in the upcoming decades. Recent studies conducted in animal models as well as patients 

showed that different properties of the gamma oscillation (e.g., spectral power, frequency, or 

coherence) are significantly altered compared to healthy controls (Jelles et al., 2008; Klein et al., 

2016; Verret et al., 2012; Iaccarino et al., 2016). Thus, restoring physiological gamma activity in AD 

patients might improve the symptoms of the disease. Our main aims in this proposal are to develop 

a user-friendly, easy-to-install and affordable device for non-invasive brain stimulation at gamma 

frequencies for use in healthcare facilities and in a home environment, and to conduct a longitudinal 

(1-2 years long) randomized, blinded, sham-controlled clinical trial on a large cohort (n >100) of 

AD patients to assess gamma stimulation-related changes in their cognitive performance and AD-

related biomarkers (e.g., derived from blood samples, cerebrospinal fluid, amyloid PET or MRI 

scans, fMRI or EEG measurements). Furthermore, we are planning to assess the long-term 

cognitive effects of non-invasive gamma frequency stimulation in the healthy population and to 

test the beneficial effects of invasive 40 Hz stimulation in HD patients and correlate them with 

physiological parameters.  We assume that by developing the necessary non-invasive wearable 

hardware and software, we will be able to offer a safe, at-home treatment option for Alzheimer’s 

Disease patients to maintain or improve their cognitive functions by using non-invasive gamma 

frequency brain stimulation. The project will be also suitable to reveal effects of long-term invasive 

brain stimulation in Huntington’s disease. 

With the second proposed project, the consortium aims to target narcolepsy, which is a chronic 

sleep disorder affecting 0.06% of the adult population and is characterized by 
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overwhelming daytime drowsiness, sudden attacks of sleep, sleep paralysis, hypnagogic 

hallucinations, and fragmented night-time sleep (Dauvilliers et al., 2014). Most of the patients with 

narcolepsy also have cataplexic attacks (narcolepsy type 1) which is a sudden loss of muscle tone 

(complete or partial muscle paralysis) while a person is awake resulting in weakness and a loss of 

voluntary muscle control. Cataplexy is often triggered by sudden, strong, and mostly positive 

emotions such as laughter or excitement, but negative emotions like fear, anger or stress can also 

trigger an attack. Identifying relevant biomarkers related to cataplexic attacks may provide 

opportunities to develop methods for the automatic detection or even for the prediction of an 

attack before its manifestation. A reliable detection method could also aid the diagnosis of the 

disease. Prediction of an attack could be, for instance, used to warn the patients before the attack 

is happening to protect them from severe injuries. Later developments might also lead to improved 

methods where an attack is not just automatically detected but also successfully prevented using 

effective countermeasures (e.g., local drug application using an implanted drug delivery device, or 

local/transcranial electrical stimulation). Thus, the main objectives of this project proposal is the 

identification of physiological (EEG, EMG, ECG, etc.) biomarkers related to the onset and course 

of cataplexic attacks, and based on these biomarkers, the development of a wearable device which 

can be used for reliable and automatic detection of attacks (e.g., to aid the diagnosis of cataplexy). 

Ideally, the the developed device can be improved with the function to predict cataplexic attacks 

and for daily use in home environment. 
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