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INTRODUCTION 

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

use new technologies for monitoring and prevention of various types of diseases of civilization. 

The project is 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 of 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 potential 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 potential being guide for connecting the 

world of technology and medicine. 

 

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

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 Cardiology 

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

  

All publications are available on the project website: https://www.v4telemedicine.eu/. 
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TELEMEDICINE – WHEN TECHNOLOGY MEETS 

MEDICINE 

 

The health and quality of life are closely interrelated and so early accurate diagnosis is the key to 

maintaining a high quality of life. The hectic lifestyle full of stress, not enough rest and care put on 

the importance and relevance of diagnostic methods (new or existing one) in medicine and 

treatment of patients, with greater pressure on monitoring and early stage detection.  

With the boom of telecommunications and Internet technologies, medicine has expanded and a 

new scientific department of telemedicine has emerged. The first telemedicine operation was the 

transmission of medical data by telegraph, later people and doctors began to use the telephone and 

the Internet in the 20th century to transmit data and information [1]. Telemedicine (distance 

medicine, remote clinical care) is the provision of remote health care. Telemedicine is characterized 

by the collection, transmission, sharing and use of relevant health information, the aim of which is 

to improve the patient's health. In fact, it is a matter of obtaining important data by means of 

mobile devices, thanks to which the doctor is able to receive the necessary amount of information 

about the examined person so that he can assess the development of his health condition.  

One of the main benefits of telemedicine is improved accessibility, so that doctors can expand the 

scope of their activity and expand services for new patients. Another benefit is cost-effectiveness, 

improved disease management, sharing medical staff, reducing travel costs and, in particular, 

shortening hospital stays. The increase in quality is also a huge benefit, especially in the area of 

intensive care and mental health. A significant benefit is also the demand from patients who want 

to save their time, travel costs. Telemedicine is generally perceived very positively among people.  

An integral part of telemedicine, which stands at the beginning of the measuring channel, are 

sensors dedicated to the conversion of measured quantities related to human health into electrical 

signals. Therefore, the constant development of new promising sensor principles is a necessary 

condition for the advancement of telemedicine. Another element is the transmission of the signals 

thus obtained. LPWAN's long-range, low-power networks are very promising for today's 

communication and data transmission [2-4].  

Through Innovative methods can people be informed about their own physiological condition 24 

hours a day, and if any health problems occur, doctors are automatically informed. Very helpful in 

this area are portable devices for recording physiological variables, the so-called holters [5-8]. In 

traditiomal medicine, a holter monitor is a type of outpatient electrocardiographic (ECG) portable 
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device that a patient wears during daily activities and is designed to continuously monitor the 

electrical activity of the cardiovascular system for a minimum of 24 to 72 hours.  There are several 

definitions of holter, but in general, all electronic devices for the continuous recording of 

physiological parameters of human health together with the relevant sensors of the physical 

parameters of the environment during normal daily human activities can be considered holter.  

The first holter can be considered the device introduced by Norman Jeffrey Holter in the second 

half of the 20th century [9], who designed the first portable cardiac recording device (ECG) [10]. 

At the beginning, holters were large, uncomfortable, requiring complicated wiring to the chest and 

a transmitting system with a large antenna [11]. Modern Holter devices are very trendy tools with 

successful use not only in medicine but also in research and sports, where they monitor a wide 

range of human physiological or pathophysiological signals. Their usege is mainly for monitoring 

patients at home in their comfortable sphere, where white coat syndrome is suppressed. Holters 

are excellent for detecting abnormalities in heart rhythm or respiration [12-14], fetal arrhythmias 

[15] or general monitoring of human physiology [16, 17]. Holters that record daily ECGs are 

excellent tools for long-term monitoring of a patient's physiological condition when small and 

rarely recurrent heart rhythm abnormalities need to be detected. Many patients often come to the 

outpatient clinic and claim that they felt sick the day before, even though they are better now and 

the ECG recording, of course, shows no anomalies. However, this can be very dangerous, as this 

often happens in the case of cardiac fibrillation, which can lead to stroke and death. We must realize 

that a classic outpatient ECG is like a short-term flash in the patient's history and does not 

sufficiently describe his overall health. 
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MODERN WEARABLE DEVICES IN TELEMEDICINE 

Currently, the development of holters is very rapid and has spread to other physiological 

parameters. New and interesting products are coming to the market every day. Devices are getting 

smaller, cheaper, smart functions are being added, consumption is falling to ultra-low values, they 

are comfortable, they do not limit everyday life and therefore it is possible to make comfortable 

measurements of people in a familiar and natural environment. 

However, even these state-of-art devices have their problems and limitations due to their 

specification. Data recording conditions may vary in different environments, are not comparable 

to predefined hospital conditions, reliability decreases, and recorded signals are often of lower 

quality. Even a complete loss of signal or an abnormal increase in artifacts can occur with a record 

of normal life. 

Let's take a simple ECG recording at the doctor's office, the patient is in a calm and controlled 

environment, supervised, the quality of electrode contacts is checked, the patient is in the 

prescribed position (usually lying calmly on the back). In order to reduce the respiratory artifact for 

a short, required time, the subject will hold their breath and, if necessary, can give the doctor 

feedback and communicate. And now, recording a real-life ECG using a standard holter, the doctor 

can't check the quality of the electrode contacts or verify the accuracy of their placement. It is not 

known whether the patient is not performing increased physical or mental activity and therefore 

the increased pulse is objective and not tachycardia. In addition, the position of the calf must be 

considered, whether the person is not crouched in an unnatural position or, for example, not 

traveling, and ECG amplitude fluctuations are not related to shaking. It is necessary to consider 

the surrounding environment, whether accelerated respiration is not caused by ambient 

temperature or humidity, etc. For this reason, the ECG recording in the real environment must be 

supplemented by the recording of the physical parameters of the environment and all these effects 

must be correlated to the final evaluations. This, of course, requires increased work activity of the 

responsible physician and it is necessary to expand his skills to analyze such modified ECGs. 

Therefore, the development of new hardware must go hand in hand with the design of auxiliary 

software, diagnostic applications, implementation of databases, neural networks, etc. It should be 

noted that the amount of data obtained will grow exponentially, and it is therefore urgent to 

develop filtering and automated screening. 

The advantage of multisensors and multichannel sensing is also the ability to measure a certain 

variable by different physical methods in order to achieve a more reliable result in a more complex 

environment. For example, heart rate (HR) can be measured by ECG (electrical 
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usage), pulse oximeters (optical usage), from chest vibration using so-called seismocardiography 

(SCG; mechanically), or even minor variations in electrodermal activity conductivity (EDA). 

In contemporary telemedicine, as we see in the case of the ECG holter, the so-called multisensors 

enabling the capture of individual physiological parameters by various complementary sensory 

principles, which is also related to the constant development of new improved sensory principles 

and methodologies, thanks to which we can capture individual variables in better quality, or in 

parallel and complementary. Let's not forget that in order to have a comprehensive view of the 

overall situation, we often need to record the surrounding physical quantities. Innovative 

physiological research, such as seismocardiography (SCG), mechanomygraphy (MMG), 

interactions between ECG and pulse oximetry (PPG), etc., are gaining prominence in telemedicine. 

The current trend is also the search for models of mutual interaction of these physiological variables 

and their subsequent connection to a comprehensive health picture of the examined persons [18-

23]. Last but not least, the facilitation of work and the training of doctors in the use of new 

methodologies. Intensified research in the field of telemedicine, of course, brings with it an increase 

in the volume of measured data, and therefore we must not forget the current research into data 

screening and filtering. 

Telemedicine electronics is currently on the rise due to huge technical progress. New sensors, 

software diagnostics, database systems and innovative sensing principles are evolving rapidly. The 

development of information technology gives us a great opportunity to improve the health care 

system and facilitate the work of doctors. 

There are a number of other methodologies and applications that do not fit into the publication. 

Their number will continue to grow in the future. Therefore, it is important to move forward in 

research, to constantly look for new principles of imaging and to create precisely complex models. 

In my opinion, the future of telemedicine lies in multisensor scanning and data coherence. 
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INOVATIVE MULTISENSOR DEVICES AVAIBLE ON THE 

MARKET 

In the current scene of wearable devices usable in the diagnosis , several promising commercially 

available multi-sensor systems are at disposal. Smart health watches are very widespread in the 

today’s population. Since early 2010s, the CPU computational power and the overall performance 

have been high enough to run sophisticated machine learning algorithms - smartwatches and 

trackers from Garmin such as Vivoactive 4, Vivosmart 4, Fenix 6, from Samsung Galaxy Watch 

and Galaxy Watch Active 2, from Apple Watch Series 6, Google Wear smartwatches such as Fossil 

Gen 5, Fossil Sport, TicWatch E2 and Skagen Falster 3 and Fitbit products such as Charge 4, Versa 

3 and Ionic are worth mentioning devices on the market.  

An interesting solution from the Fitbit Company in the Sense product is the possibility to measure 

also the EDA after placing the another hand over the watch thanks multi-path electrical sensor 

[24] (Figure 1a). Using Fitbit Sense, you can make a mental well-being practice. Last but not least, 

Withings Scanwatch with medical grade ECG and oximeter and two devices from company 

Empatica: Embrace 2 and E4 (Figure 1b) should be mentioned [25]. Both are in the form of 

wristband and can stream the following variables in real time: EDA, wrist temperature and 

accelerometric signal. E4 is enhanced further by employing a PPG sensor. Embrace 2 was especially 

designed for epilepsy monitoring, sleep/rest management and physical activity tracking. E4 is more 

suitable for lab or home recording, real-time clinical observation and raw data analysis. Very 

interesting is also Samsung health device concept Simband with Simsense, which includes PPG, 

EDA, skin temperature, 3D accelerometer and ECG lead.  

The trend of miniaturization allow us to monitor physiology with a ring. Perfect example is the 

Oura health ring, which includes PPG and temperature sensors together with an accelerometer and 

a gyroscope encapsulated in an attractive package (Figure 1c) [26].  

Another very common form of recording human physiology are chest-belts. A typical 

representative is, for example, Zephyr Bioharness 3 that includes HR, RR and accelerometric 

monitoring (Figure 1d) [27]. One can also appreciate the design of the non-traditional Qardiocore 

chest holter (Figure 1e) [28] that captures ECG, RR, temperature and activity recognition, as well 

as Wearable biosensor from Philips, which contains an ECG sensor together with an accelerometer 

and a skin temperature sensor.  

A chapter in themselves are headband neurotrackers like Neurosky Mindwave, Muse 2 EEG 

(Figure 1f) [29], and Flowtime that monitors EEG and helps to reduce stress through meditation. 
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Muse 2 and Flowtime have also an integrated PPG sensor. Spire Health Tag is also worth 

mentioning. This device can be adhered inside clothes and detect heart rate, breathing patterns, 

and body movements to assess the emotional and mental well-being of a person. 

 

 

 

 

   
Fitbit Sense [24] Empatica E4 [25] Oura ring [26] 

  
 

Zephyr Biohraness 3 [27] Qardiocore chest holter [28] 
Neuosky Mindwave Muse 2 EEG 
[29] 

Figure 1. Inovative multisensor devices avaible on the market.  
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POTENTIAL OF V4 COOPERATION IN THE FIELD OF 

TELEMEDICINE FOCUSED ON CARDIOLOGY – CONCEPT 

OF NEW DEVICES 

As we see on the market, there are really many interesting products. But there is always room for 

new ideas and improvements, and it will be appreciated. It is very important to monitor patients 

after heart attacks, in postoperative conditions. Monitoring of people in the home, natural 

environment is also important, thanks to which we can capture health problems in the early stages 

or streamline subsequent treatment. This will not only reduce costs itself, but thanks to modern 

hardware and software we will be able to adjust treatment more quickly and adapt it to the specific 

development of the health situation. The chapter itself is the supervision of the elderly. Holter 

devices developed for them must be as user-friendly as possible. Through the gradual development 

of modern holters, we can significantly increase the efficiency of the health care system in the V4 

countries. 

That's why we come up with two device concepts. In the first of them, the so-called "Smart-ring" 

(Figure 2) was based on the often-overlooked fact that cardiovascular diseases are often caused by 

excessive stress and stress closely accompanies the course of the diseases. Therefore, we 

supplemented the device in the form of a ring capable of measuring the heart rate with an integrated 

pulse oximeter with an electro-dermal response sensor, which is the basic physiological quantity of 

human stress. The device also includes a simple accelerometer to remove unwanted motion 

artifacts. The current difficult situation associated with COVID disease has also brought to the 

fore the sensors of blood oxygenation and human body temperature. Both of these sensors are 

also part of the equipment. As older people often suffer from high blood pressure, it is planned to 

synchronize the device with a thoracic ECG holter later in the future, which will allow us to 

monitor blood pressure around the clock. We plan to build the device in two versions. One version 

will be closed with pre-set parameters, suitable for the simplest possible operation. The second 

version will be open, with fully searchable parameters suitable especially for research purposes and 

equipment optimization. 

The second device extends the common thoracic ECG holter with complementary scientific 

disciplines, seismocardiography, impedance cardiography and phonography (Figure 3). By linking 

these scientific disciplines and deploying in a hospital environment, new scientific information can 

be discovered, and existing ones improved. In the first stages to achieve the best possible 

optimization, it is planned to perform the so-called mapping of these signals on the chest. We are 
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considering the form of a multi-channel chest strap. Device details are described in the following 

chapter.  
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BRIEF OVERVIEW OF PLANNED RESEARCH ACTIVITIES 

OF PARTNER INSTITUTIONS 

SMART-RING 

Main goal of the first idea is design of an advanced hand wearable device that monitors human 

physiology. The device shall simultaneously measure heart rate, peripheral temperature, 

electrodermal activity, blood oxygen saturation, skin reflection and movement, and apply it in 

telemedicine and psychological research. It is intended to make the device in the form of a ring. If 

there is a problem with miniaturization in the early stages, the wrist form is also considered. The 

main benefit shall be multi-channel data collection, which shall provide a comprehensive picture 

of the subjects, especially usable in the home environment. It is believed that the future of 

telemedicine lies precisely in such multi-sensor devices, which provide a more comprehensive view 

of an individual's health outside the ambulance environment, and this is also our main benefit. An 

integral part of the project shall be the application of advanced algorithms and neural networks 

that will help evaluate specific health and psychological changes. 

The device shall take advantage of the latest advances in electronics and computer science. The use 

of the latest chips is planned, thanks to which the considerable miniaturization shall be achieved. 

Regarding individual sensors - Heart rate and blood saturation shall be recorded by 

photoplethysmography.  

The device will provide an effective tool for home care, enabling early diagnosis and reducing the 

burden on hospitals, as telemedicine will allow patients to spend part of their treatment at home. 

This is a great benefit, especially in the complex situations we experience today, for example, in 

connection with the COVID-19 disease. The secondary negative effect of the present is a high 

increase in stress, which is why our facility also deals with this area. Of the sensors themselves, for 

example, heart rate monitoring is a powerful tool in the field of cardiovascular diseases 

(bradycardia, tachycardia, arrhythmias, fibrillation etc.).  

The target group are the elderly and people living under increased stress. 

ESIP-CG MAPPING 

Main goal of the idea is to design a device for simultaneous measurement of electro, impedance, 

seismic and phono cardiography and its application in the diagnosis of heart and respiration activity. 

Since the aim is to put device in the hands of the general public for usage  in daily life, the device 

shall be made in the form of a chest strap (later maybe whole smart shirt) with 
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many electrical electrodes, accelerometers and microphones. Data from these sensors will be 

scanned using multiplex. Such a configuration will be more resistant to mishandling and we will be 

able to map all signals on the body surface. Neural networks will be an integral helper in such a 

complicated structure of sensors, thanks to which we believe that we can provide new results and 

make the coherence of all quantities. The final will then be followed by calibration learning on real 

cases with the assistance of doctors and optimization of the number of sensors. 

 

  

 

Figure 3. ESIP-CG mapping: Signals and preliminary design (without PCG). 
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