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electroporation. Martin has a research training in molecular biology, with the focus on the stem cell 

differentiation into cardiomyocytes and  their subsequent functional analysis, especially electrical 

and mechanical activation of cardiac syncytia, oriented on atomic force microscopy and 
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Research Network – PORT Polish Center for Technology Development and supports the 

operation of Polish National Node in BBMRI-ERIC European biobanking research infrastructure. 

János Rokai received his medical degree in Targu Mures, Romania in 2018, currently he is a third-

year Ph.D. student at the János Szentágothai Doctoral School of Neurosciences at Semmelweis 

University.  He is working as a research assistant at the Institute of Cognitive Neuroscience and 

Psychology, Research Centre for Natural Sciences, Budapest. These days, he has been developing 

a face tracking application for people with disability. During his Ph.D., he has also developed new 

deep learning-based methods to analyze electrophysiological data recorded intracortically. His main 

focuses are on human-machine interfaces and brain-computer interfaces. 

Erik Vavrinsky received his Ing and PhD degrees from the Faculty of Electrical Engineering and 
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biosensors. Since April 2021, he has worked as an associate professor in the area of telemedicine. 

At present, he participates in the university education process as a lecturer. His current research 

interests include the design, characterization, and testing of sensor systems and bio-monitoring 

devices. His multidisciplinary research is mainly focused on human physiology.  
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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 Privacy-focused diagnostic 

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

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

All publications are available on the project website: https://www.v4telemedicine.eu/ 

  



 

8 
V4Telemedicine.eu 
 

INTRODUCTION TO TELEMEDICINE IN CARDIOLOGY  

Telemedicine is the distal delivery of health care services, where the health care professionals use 

information and communication technologies for the exchange of information to diagnose, treat, 

and prevent diseases, as well as extending education of health care professionals, aiming to health 

of individuals and their communities.  

Telemedicine was originally created as a tool to facilitate access to populations living in remote 

areas with limited health resources. The first descriptions of telemedicine described the 

transmission of radiologic imagines by telephone in between West Chester and Philadelphia, 

Pennsylvania, US, a distance of 38 km, in 1948. A decade later, in 1959, clinicians at the University 

of Nebraska used two-way interactive television to transmit neurological examinations and other 

information across campus to medical students (Figure 1). The first transoceanic transmission of 

an electrocardiogram was a 1967 communication from Guinea to Miami. 

 

Figure 1: Nurses using telemedicine in 1960. 

In the last two decades, with the wide availability of low cost technology, an especially since the 

COVID-19 pandemic, telemedicine has transformed from a distal service to a broad adoption in 

different levels. The needs to stay in quarantine accelerated the adoption of teleconsultations of no 

emergency cases, independent of the distant of the patients.  
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CURRENT STATE OF RESEARCH AND DEVELOPMENT 

OF CARDIOLOGY IN TELEMEDICINE  

 The use of specific devices allows to monitor diverse conditions in patients of various risky 

stages, from the level of physical activity in patients with a low risk, to the presence of ischemia, 

arrhythmias and cardiac dysfunction in patients with a very high risk.  

Remote monitoring is a key area in telemedicine cardiology. Cardiac defibrillators and cardiac 

resynchronization therapy devices are permanently implantable electronic tools commonly used in 

cardiology for many decades. These devices can collect data from the patient and transfer the 

information to the physician, providing information about the clinical status, heart rate, 

arrhythmias, respiratory frequency, physical activity, among others. The usage of a Bluetooth 

connection with a smartphone allows a simple integration and adoption from patients. Diverse 

research studies assessing the effectiveness of remote monitoring devices showed significant 

reduction in the all-cause mortality and hospitalizations. 

 External wearable devices also allow remote monitoring. Some of the widely used devices 

are the Holter monitors, which are able to register electrocardiogram, blood pressure, and oxygen 

saturation. More recently, smartwatches have proved to be effective to detect patients with atrial 

fibrillation, enabling the continuation  of monitoring of electrocardiographic signals.  
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THE FUTURE OF TELEMEDICINE IN CARDIOLOGY  

 Diverse areas of telemedicine in cardiology will have a large expansion in the following 

years, including: 

a) Telerehabilitation: patients are able to perform rehabilitation exercises at home, while being 

monitored by the medical team at the hospital. Preliminary evidence shows that 

telerehabilitation is cost-effective and safe.  

b) Blood pressure monitoring using wearable devices: In cardiovascular research, at present, 

heart rate monitoring and physical activity tracking are the two most prevalent physiological 

measurements generally available. However, wearable technology incorporating blood 

pressure sensors has the potential to improve hypertension screening and regulation, which 

could positively impact cardiovascular health. The incorporation of cuff less devices to 

estimate blood pressure will allow to improve the detection and control of hypertension. 

c) Shared Electronic Patient Records: Electronic patient records will allow real-time clinical 

information sharing between hospitals and primary care professionals, improving 

communication and reducing the presence of health outcomes.  

d) Artificial Intelligence (AI): AI will allow a more precise management of big data producing 

automatic recommendations and communication, contributing to provide solutions with 

the complexities of multimorbidity management of cardiovascular disease.    

VISION OF TELEMEDICINE DEVELOPMENT IN 
CARDIOLOGY IN THE CONTEXT OF POPULATION RISKS 

 Telemedicine is progressively expanding to multiple areas changing the traditional 

relationship between patients and doctors. The need for cost-effective interventions and the saving 

time to avoid the delay of future consultations that can take weeks or months, and fast, efficient, 

and personalized management of patients with chronic disease that does not necessarily require 

them to leave work, deal with traffic, or sit in a waiting room during specific hours on any given 

weekday.  

 The examples of many scenarios where telemedicine is expanding and facilitating the care 

of patients are summarized in the Figure 2. 
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Figure 2: Scenarios for telemedicine and cardiovascular health. Figure from Ahmed M. Soliman. Telemedicine in the 

Cardiovascular World: Ready for the Future? Methodist Debakey Cardiovasc J. 2020 Oct-Dec; 16(4): 283–290 

 The easy adoption of new technologies facilitate patent’s compliance obtaining and sharing 

data, for example, report of their blood pressure monitoring, heart failure data, exercise or activity 

progress, or any other of the many reporting options. This engagement is associated with significant 

improvements in outcomes and reduction of health care costs.   

POSSIBLE IMPACT ON HEALTHCARE SYSTEMS 

 There is a progressive integration of the telemedicine strategies to the health care systems 

enhancing the care of patients. In cardiology, for example, current guideline in health failure 

recommend diverse strategies of telemonitoring including invasive and non-invasive methods. An 

example of this integration is described by Prescher at al., in the e-Journal of Cardiology Practice 

(Vol. 18, N° 26 - 01 Jul 2020) and summarized in the Figure 3.   

 

Figure 3: Telemedicine model for heart failure. 
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 The aim of this technology is to strengthen the cooperation among the general 

practitioners, cardiologists, and heart failure units, to improve the health of patients.  

CHALLENGES IN TELEMEDICINE 

  

There are multiple barriers that needs to be overcome in order to have a greater coverage and 

implementation of telemedicine.  

 Internet Access: widely available internet access is a key feature for the implementation of 

telemedicine. In European Union countries, internet access is increasing and reached 92% 

in 2021. With the highest proportion (99%) of households with internet access in 

Luxembourg and in the Netherlands, and the lowest proportion in Bulgaria, with 84%. The 

proportion between cities and rural areas also continue narrowing, with 94 % in cities and 

92% in towns and suburbs, and 89% in rural areas. 

 

 Cultural Adoption: Telecommunication change the natural interaction between patients 

and doctors, requiring from both a change on their expectation of how the process is 

delivered. This will require the change of the regular way to do the visits for a new 

interaction. Because of the differences with the traditional method, the provider should 

explain to the patient the process of the visit and the expected results.      

 

 Privacy: Legislative guidelines should ensure the security of platforms that should be 

licensed to offer telemedicine interventions. Flexible regulations able to adapt to the 

development of new technologies are required.  

 

 Computer literacy: Computer literacy is defined as the knowledge and ability to use 

computers and related technology efficiently, and facilitated to the provider and patient the 

use of technology. Telemedicine platforms should have easy and simple process, however, 

although clinicians should not be trained in full technical support, they should be able to 

address simple mishaps to ensure smooth patient experiences.    
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POTENTIAL OF V4 COOPERATION IN THE FIELD OF 

TELEMEDICINE FOCUSED ON CARDIOLOGY 

 As part of the V4 cooperation in the area of cardiology, we decided to approach the gap of 

knowledge in the use of wearable technology and the measurement of blood pressure. 

Hypertension is the leading cause of death globally and the improvement in the level of control 

will have an enormous impact in the number of individuals preventing disabilities and mortality. 

We aimed to stablish a structure of cooperation among the partners from Central Europe to 

evaluate and validate new blood pressure measurement and other digital health technology. 

Additional to this process, we plan to evaluate the economic impact of the potential wide adoption 

of this technology in the region.  

 For example, the OMRON Healthcare, Inc., developed the “HeartGuide” is a smartwatch 

that measure blood pressure using oscillometric technology with inflatable cuff within the watch 

band (Figure 3). The precision and potential benefits of this devices needs to be evaluated in diverse 

populations. 

 

Figure 3: HeartGuide™ from OMROM. Image take from https://omronhealthcare.com/  

 Another type of devices are the cuff-less wrist-worn blood pressure, which use a 

combination of electrocardiography and photoplethysmography, to avoid the use of a cuff and 

overcome the associated limitations. One of this devices is the BB-613WP, from Biobeat 

Technologies (Figure 4). 

 

 

 

 

Figure 4: cuff-less wrist-worn blood pressure Bio beat.  
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BRIEF OVERVIEW OF PLANNED RESEARCH ACTIVITIES 

OF PARTNER INSTITUTIONS  

There is large gap in the proportion of cardiovascular diseases between Western and 

Central/Eastern European countries. The implementation of successful strategies in telemedicine 

and cardiology could contribute to narrow this gap, however, the type of strategies, technologies, 

cost-benefit ration, and wiliness for adoption from providers and patients are still ignored in many 

areas. As part of the consortium created, a state of the art review to evaluate these gaps was 

proposed and first step before the application to regional grant opportunities.  

Main goal of the project is improving the reading of Electrocardiography (ECG) and 

Electroencephalography (EEG) devices, by combination.  

Generally simultaneous measurement of two signals gives to system of artificial intelligence much 

better position for determining noise and artefacts from signal of interest.  

There were  combination trials already in neonatal settings 

(https://pubmed.ncbi.nlm.nih.gov/17398146/)  and wearable device 

(https://ieeexplore.ieee.org/document/8900998)  as epileptic seizure prediction. The combination 

is not only able to detect drowsiness (https://hal.archives-ouvertes.fr/hal-03381946/document) 

but also changes in EEG during arrythmias, and subsequently EEG confirmation of arrythmias 

presence.  

The first stage software utilizing two independent signals of EEG/ECG combination improving 

reading efficacy of both modalities and including also sinus respiratory arrythmia (SRA) detection 

as positive mark. Upon detection quality and hardware characteristics, should be decided whether 

wearable and healthy lifestyle improving device is the final outcome. 

Scientific combination is long-term project, accessing SRA related EEG and ECG changes with 

aim to understand benefits after restoring SRA.  

 

 


