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Foreword
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Heart failure is a rapidly growing cause of morbidity, hospitalisation and mortality worldwide, with its prevalence increasing with an individual’s age. In view of pharmacotherapeutic possibilities expanding slowly, more and more importance is being attached to comprehensive care, education and rehabilitation of patients with heart failure. Taking into account an unfavourable prognosis, these measures can significantly improve patients’ quality of life and increase survival. 

The pursuit of the most efficient and best use of healthcare resources has inspired  medical care professionals to incorporate telemedicine technologies into care programmes. 

In this book, drawing upon our own unique experience, we present the possibilities of employing this new technology – called telemedicine – for the care of patients with heart failure in the outpatient phase of care. By using the solutions proposed here providing patients with comprehensive, specialised care and rehabilitation will become possible, which subsequently leads to improved quality of life, reduced number of hospital stays and better prognosis. 

Thanks to the work coordinated by Ewa Piotrowicz, Associate Professor in the Telecardiology Centre of the Stefan Cardinal Wyszynski National Institute of Cardiology, within the framework of the TELEREH-HF project, I have the honour to present this world’s first textbook on telecardiology in heart failure to English-speaking readers.

Prof. Tomasz Hryniewiecki, MD, PhD

Managing Director 

Cardinal Stefan Wyszynski National Institute of Cardiology 
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Telecardiology in heart failure

In this time of Covid-19 pandemic, telemedicine is experiencing a rapid development and considerable interest. It is defined as the application of advanced telecommunication technology for diagnostic, monitoring and therapeutic purposes. It enables data transmission from the patient’s whereabouts or his/her primary care provider to a specialized medical call centre. Telecardiology is a highly developed medical discipline involving almost every aspect of cardiology, including acute coronary syndromes, arrhythmias, congestive heart failure, sudden cardiac arrest and others. In particular telecardiology in heart failure is a rapidly expanding specialty in modern medicine and the publication of the present book is highly valuable: in fact, this is one of the first monographs dedicated to this matter worldwide. 

The authors are researchers and scientists with extensive experience in implementing telemedicine in clinical practice acquired during the original and valuable TELEREH-HF project. The book thoroughly analyses the state of play in the use of telemedicine in the process of care for patients with heart failure, enriching it with the authors’ own experience. They presented practically all the aspects related to the comprehensive tele-management of patients with heart failure in an accessible and expert way.

At the beginning, definitions of concepts and procedures related to the use of telemedicine are presented, which makes the issues discussed easier to understand. The following chapters present the available procedures, whose implementation allows to create a comprehensive tele-management for patients with heart failure. Therefore, telecare including telephone support and remote monitoring of patients  were discussed. In addition, attention was paid to the emerging possibilities of non-invasive haemodynamic remote monitoring and especially home-based use impedance cardiography, lung impedance, bioimpedance analysis. The chapter on cardiac hybrid telerehabilitation is unique. The authors implement this procedure in practice and are pioneers in this field. The TELEREH-HF project was the first multicentre study to show that hybrid telerehabilitation is effective, safe and accepted by patients. This procedure seems to be a necessary stage in the new tele-management model of care for heart failure patients.

In a following chapter, the authors proved that remote monitoring of cardiac implantable electronic devices is a very important element of tele-management. The authors also discussed the possibilities of telemonitoring hemodynamic data, such as the left atrial pressure and the pulmonary artery pressure.

The authors of the book promote a holistic, multidisciplinary approach to the problem of care for patients with heart failure, and therefore one should pay attention to the chapter devoted to the remote psychological support for patients with heart failure.

The objective approach to the analysis of the state of affairs makes the authors devote a whole chapter to discussing the restrictions that are currently associated with the use of telemedicine in patients with heart failure.

The introduction of new technologies to medicine requires new legal regulations and creates ethical dilemmas. The book also contains a chapter devoted to this topic.

In addition to a comprehensive presentation of the state of play, the authors also discuss new trends in the development of monitoring of patients with heart failure: remote-monitored pharmacotherapy (pill in the pocket, intelligent pill, i-pill), the use of artificial intelligence, lab-on-a-chip, vocal markers.

In the postscript, the concept of using telemedicine in comprehensive, long-term, coordinated care for patients with heart failure in Poland is presented.

The reader will also find  the attachment at the end of the book very useful. The authors  present in it, in a tabular manner recommendations for individual telemedicine procedures: classes I, IIa, IIb, III according to the definition used by ESC.

In conclusion, it is hoped that the present publication will promote even further the implementation of telecardiology in heart failure. 

Prof. Massimo Francesco Piepoli, MD, PhD, FESC, FHFA, FACC

Director, Heart Failure Unit, Cardiology Department – Guglielmo da Saliceto Polichirurgico Hospital Cantone del Cristo, I-29121 Piacenza, Italy

Piacenza, April 20, 2020
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1. 

Introduction to telecardiology

Wojciech Zaręba

The idea of diagnosing and treating patients at a distance has a long history. On March 22nd in 1905, Willem Einthoven, recognised as the father of electrocardiography, transmitted electrocardiograms (ECGs) from the hospital to his laboratory 1.5 km away via the telephone line. The growing popularity of telephone and radio communication in the early 20th century stimulated scientists’ imagination and the idea of “The Radio Doctor”, which appeared on the cover of Radio News magazine, was proposed in 1924 (Fig. 1.1) [1].

[image: 1%201.psd] 

Figure 1.1. Proposed ‘The Radio Doctor’ technology presented on the cover of the April 1924 issue of Radio News magazine. 

Sourced from: [1].

A year later, in February 1925, Hugo Gernsback published in the prestigious Science and Invention magazine the description of the telemedicine device, which he called The Radio Teledactyl (from the Greek tele – far and dactyl – finger) to indicate that this device would facilitate “feeling the patient at a distance” (Fig. 1.2.) [2].

Radio-medical consultations were already held in the 1920s and 1930s in Norway, Italy, France and the USA, mainly with patients on board of ships and on remote islands [3, 4]. In 1948, the first radiographic images were sent via telephone between West Chester and Philadelphia, 24 km apart [5]. The first transmissions of ECGs by radio were made by Norman Jeffrey Holter in 1947, which started an era of radio-electrocardiography [6].
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Figure 1.2. The Teledactyl — historical concept of telemedicine presented by Hugo Gernsback in the Science and Invention magazine in 1925.

In the early 1960s, video communication was first used in the USA to consult patients. For instance, the Massachusetts General Hospital in Boston established video communication with a nurses’ station at Boston Logan Airport [7]. This communication was then enriched with the transmission of ECGs, stethoscope sounds and microscopy images. Many other applications of telemedicine were implemented for remote consultations with the transmission of signals and images [8]. The dawn of the era of space conquests in the USSR and the USA contributed greatly to further development of transmitting vital signs of animals and humans that were launched into space.

In Poland, Professor Zdzisław Askanas’s team began using telemetry for the transmission of ECG signals in the early 1960s. During the years 1986–1987, as a young assistant at the Cardiology Division at the Medical Academy of Lodz (directed by Professor Halina Pracka), I teletransmitted signal-averaged ECGs recorded in an XYZ lead configuration to evaluate ventricular late potentials. ECG recordings took place in the hospital and  were transmitted by the Łucz  television dish (borrowed from Lodz television) to the Institute of Physics at Lodz University (about 3 km from the hospital). One television transmission dish was installed on the roof of the hospital, and the other on the roof of the Institute of Physics, in which there was a Mera 400 computer that averaged the ECG signal with recording of ventricular late potentials. This innovative solution was achieved in cooperation with Professor Wielisław Olejniczak’s team from Lodz University. Professor Wielisław Olejniczak was a visionary who helped advancing pioneering telemedicine solutions to my scientific work, which led to my doctoral degree in 1988. Because of the progressive computerisation and development of mobile networks, telemedicine has become a part of everyday practice in many areas of medicine.

Telecardiology, which enables transmission of ECG signals, heart rate and data from the implanted devices (pacemakers, defibrillators), has become a daily reality. Patients with heart failure require particularly intensive care, which is usually provided on an outpatient basis. Telemedicine in heart failure can be used for early diagnosis of health status deterioration, assessment of treatment, medication monitoring, assessment of physical activity, delivery of cardiac rehabilitation, as well as for monitoring of implantable devices. All these applications of telemedicine aim to improve patient’s health, physical capacity, and quality of life, and to reduce the risk of hospitalisation or death.

This book entitled Telecardiology in heart failure is the first to present this topic in such a comprehensive way. It was written by leading experts in this discipline and is addressed to a wide audience, including physicians, nurses, the staff of rehabilitation centres, healthcare administration, as well as the entire engineering and technical staff that develops the telemedicine technology. Defining eHealth and telemedicine process facilitates understanding of how information technologies can be used to increase the availability of healthcare and medical information, how new solutions can be adopted to monitor patients effectively, and how to organize patient telemonitoring systems. The Internet offers over 325,000 medical and public health applications that can serve both patients and medical staff. With such a multitude of choices, all users have the right to feel confused, and therefore, providing patients and medical staff with proper education is an enormously important element of further development of this discipline. The following chapters summarize the state of knowledge of telemedicine in cardiology and heart failure, with descriptions of key clinical trials conducted worldwide and in Poland, including the TELEREH-HF project carried out by the authors of this book. Haemodynamic monitoring in patients with heart failure is still in the initial implementation stage, but telemedicine, which allows non-invasive assessment of impedance profiles and parameters, will be commonly used in the future, especially in more seriously ill patients. Therapeutic implantable devices such as pacemakers and defibrillators, which are frequently used in heart failure, offer an increasing number of options for monitoring relevant parameters that allow not only assessment of device functions, but also monitoring of many physiological functions and physical activity in patients. The current trends tend to increase the use of implantable ECG monitoring devices (implantable loop recorders, implantable cardiac monitors) and implantable pulmonary artery pressure monitoring devices with a constantly growing range of options for monitoring many parameters which, thus far, have been available only in implantable therapeutic devices. All these devices can be monitored remotely with minimal or no patient participation. Hybrid cardiac telerehabilitation, which enables broader and safer rehabilitation, is an innovative care solution for patients with heart failure.

The TELEREH-HF study contributed to the development of new methods for monitoring the rehabilitation process, with many benefits for patients and the healthcare system. Rehabilitation should be combined with remote counselling, which is essential in patients with heart failure who are at high risk of depression and anxiety disorders. Future healthcare systems, which will use telemedicine technologies, should provide comprehensive, individualised care that takes into account coexisting diseases. Furthermore, they should guarantee maximum safety and independence for patients. It is worth highlighting that the implementation of telecare and telemonitoring within the existing healthcare system requires organisational, logistical and legal changes, but there is no turning back from progress.

The visionary ideas of telemedicine are being applied in Polish cardiology thanks to the innovative actions performed by Professor Ryszard Piotrowicz and Doctor Ewa Piotrowicz, and many other project collaborators across the country.

We hope that reading this book, full of scientific data, descriptions of methodology, and the range of possibilities that telemedicine offers, will inspire the readers to increase the use of telemedicine in everyday clinical practice to improve the clinical condition and prognosis of patients with heart failure. Telemedicine is becoming everyday clinical practice, especially during the current pandemic, when direct contact with the patient is limited.
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2. 

Heart failure – a 21st century epidemic

Grzegorz Opolski

The growing epidemic of heart failure is a significant medical, social and economic problem. It is also the most important and difficult challenge for cardiologists in the 21st century. Heart failure is a final stage of most cardiovascular diseases, and, paradoxically, with treatment progress and ageing of the population, the number of people with heart failure increases.

The estimated prevalence of heart failure in the general population ranges from 0.4% to 2%. The incidence of heart failure in European countries ranges widely from 1 to 9 cases per 1000 person-years and strongly depends on the population studied and the diagnostic criteria used. In 
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