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ABSTRACT

Introduction: today, the issue of effective rehabilitation of patients after ischemic damage to the heart muscle
is relevant in connection with the annual increase in the number of patients with chronic cardiovascular
pathology.

Objective: to establish modern effective methods of cardiorehabilitation through a literature search.
Methods: a review of the literature on the topic of innovations in cardiorehabilitation using databases:
GoogleScholar, PubMed, Web of Science, Scopus was carried out using the survey and system analysis method.
These methods provide the possibility of remote monitoring of patients with chronic cardiovascular diseases
using telemonitoring, which encourages patients to monitor the state of the cardiovascular system based
on ECG, blood pressure, and oximetry. Telecardiorehabilitation is a modern method that has been widely
implemented in the last 10 years, and especially during the outbreak of the COVID-19 pandemic. Taking
into account that after discharge from the hospital, elderly people sometimes find it difficult to get to
rehabilitation centers or work in groups.

Development: as an alternative, specialists found the possibility of physical rehabilitation with a set of
exercises at home and constant monitoring with the help of smart technologies. The introduction of modern
techniques increased the percentage of patients who were involved in cardiorehabilitation, which reduced
mortality rates and positively affected the quality of life of patients.

Conclusions: the implementation of telemonitoring and telecardiorehabilitation in the conditions of aging
population and increasing share of patients with chronic course is a very promising direction of modern
rehabilitation.

Keywords: Cardiovascular Diseases; Physical Activity; Rehabilitation Program; Heart Health; Medical
Innovations; Cardiac Therapy.

RESUMEN

Introduccion: hoy en dia, la cuestion de la rehabilitacion eficaz de los pacientes después de una lesion
isquémica del musculo cardiaco es relevante en relacion con el aumento anual del nimero de pacientes con
patologia cardiovascular cronica. El objetivo de nuestro estudio fue establecer métodos modernos y eficaces
de cardiorrehabilitacion mediante una busqueda bibliografica.
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Métodos: se realizo una revision de la literatura sobre el tema de innovaciones en cardiorrehabilitacion
utilizando bases de datos: GoogleScholar, PubMed, Web of Science, Scopus mediante el método de
encuesta y analisis de sistemas. Estos métodos brindan la posibilidad de realizar un seguimiento remoto
de pacientes con enfermedades cardiovasculares cronicas mediante telemonitorizacion, que anima a los
pacientes a controlar el estado del sistema cardiovascular basandose en ECG, presion arterial y oximetria.
La telecardiorrehabilitacion es un método moderno que se ha implementado ampliamente en los ultimos 10
anos, y especialmente durante el estallido de la pandemia de COVID-19. Teniendo en cuenta que, tras el alta
hospitalaria, las personas mayores en ocasiones tienen dificultades para llegar a los centros de rehabilitacion
o trabajar en grupo.

Desarrollo: como alternativa, los especialistas encontraron la posibilidad de la rehabilitacion fisica con
una serie de ejercicios en casa y un seguimiento constante con la ayuda de tecnologias inteligentes. Los
estudios clinicos realizados han establecido un efecto positivo en los indicadores de salud fisica y mental en
comparacion con los pacientes que no pasaron por la fase ambulatoria de rehabilitacion fisica.
Conclusiones: La implementacion de la telemonitorizacion y la telecardiorrehabilitacion en condiciones de
envejecimiento de la poblacion y una proporcion cada vez mayor de pacientes con un curso cronico es una
direccién muy prometedora de la rehabilitacion moderna.

Palabras clave: Enfermedades Cardiovasculares; Actividad Fisica; Programa de Rehabilitacion; Salud del
Corazon; Innovaciones Médicas; Terapia Cardiaca.

INTRODUCTION

According to WHO data, cardiac disease (CVD) ranks first among the world’s leading causes of mortality.
The nosologies that are most often diagnosed include ischemic heart disease (IHD) and stroke. Among the
population of Ukraine and Europe, CVD remains the first cause of mortality (about 60.2 %).™ The key is to lose
preventive nutrition before the recurrence of myocardial infarction (M) after successful cardiac resuscitation,
since the risk of developing a recurrent episode of Ml is approximately 25 % in patients, that is already looming
in the anamnesis of IM. In this case, the level of respect for secondary prevention of IM increases.® The growth
of the world’s population, of which 25 % are people aged 0-14, 65 % are aged 15-64 and 10 % are aged 65+
requires investment in health care, support and specialized care for the elderly people.®

Although theoretical approaches are described in detail in protocols and clinical settings, they are insufficient
for practical treatment, due to insufficient understanding of the pathophysiological processes, the cascade of
which is launched as a result of changes in the architectonics of the heart meat during the period between
the first troubling episode of hypoxia and the formation of a connective tissue scar.® Other risk factors for
the development of recurrent myocardial infarction include low patient compliance, lack of awareness of the
possible risks of recurrent myocardial infarction, calling the patient to pain symptoms and the threshold of
sensitivity to pain, psychological reasons _ depression after an episode of myocardial infarction, depending
on the probability and inevitability strike again.® Stressful factors create psychotraumatic situations and
negatively affect the assimilation of information and recovery processes.®

Looking at the most important factors, there is a need to formulate advanced respect before post-factual
rehabilitation, actively training the patient before the program for updating the functions of the body, in
cooperation with cardiologists, family doctors, psychologists, etc.” At the center of the respect of doctors
and successors is the lack of effective integration of physical rights with modern digital technologies.®
Cardiorehabilitation itself after treatment of patients with cardiovascular pathology is an important factor
that can reduce mortality, disability and return patients to valuable life.®1?

METHODS

A review of scientific publications over the past 5 years on the topic of this study was A review of scientific
publications over the past 5 years on the topic of this study was conducted. To search for literature sources,
databases and search engines were used: Web of Science, Scopus, PubMed and Google Scholar using key words
on the research topic: medical technologies, cardiovascular diseases, motor activity, rehabilitation program,
heart health, medical innovations, cardiotherapy, patient rehabilitation, functional diagnostics. Relevant
articles were selected for the review, which corresponded to the content and had full texts freely available
in English: review articles, meta-analyses, experimental studies. Generalization and systematization of the
obtained data was carried out using the survey method and the system analysis method.

DEVELOPMENT
The complex of rehabilitation approaches includes drug therapy, surgical assistance if necessary, and
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consultation with specialists to change the way of life and improve physical and psychological health. Social
factors can be the cause of psychoemotional instability, which is important for effective rehabilitation.("
Physical rehabilitation is one of the key factors in a successful postoperative period in patients with CVD.("? In
cardiac patients, physical activity is increased, which begins in the early postoperative period.

This is a complex of physical exercises that begins with the upper ends of the legs in a sitting position on a
bed with walking movements in the appearance of stepping with gatherings up to a lasting walk of 500 m 3-4
times per day in the postoperative period.¥ Physical exercise leads to increased hemodynamics and decreased
myocardial velocity."® It is important to activate extracardial mechanisms, such as enhancing the short-term
function of the lower end muscles, which increases venous flow to the right half of the heart; strengthening
the role of the diaphragm in the regulation of blood flow, for the restoration of respiratory rights.™ One
of the current methods that has become popular among a large number of patients around the world is the
Scandinavian walk, which has a painless effect.” This method is accessible, not expensive, when walking, all
groups of muscles are treated, while squeezing sticks at the muscles of the shoulder girdle and upper ends,
shortening is achieved, which ensures the flow of lymph and changes stagnation and heart load.

At the current stage of rehabilitation, patients are trained to perform basic physical exercises in order to
prevent possible complications."® At the international forum on preventive cardiology EuroPrevent 2019, which
took place in Lisbon, the British representatives emphasized their respect that their research revealed greater
effectiveness of physical rehabilitation over medication by 80 %. Data from the University of California show
that rehabilitation of people who have suffered a heart attack reduces mortality by 25 %. Mechanotherapy on
simulators remains quite effective.

For example, rehabilitation The Ergo Watch system is equipped with a cycling ergometry system for monitoring
CV indicators: ECG recording, AT monitoring, heart rate readings. The simulators allow you to apply pressure
individually to a specific group of muscles. The treadmills with advanced monitoring systems and recording test
history data are also kept up to date.(” In the facilities of the equipped physiotherapeutic department, it is
possible to carry out physiotherapeutic procedures: galvanization and electrophoresis, electrical stimulation,
inductothermy, hydrolysis.?2") The number of patients in the complex of rehabilitation visits is low in Ukraine
and some European countries: so in Germany and Great Britain, only 13-40 % of patients, which is connected
with reluctance to visit distant rehabilitation centers, or to work out in a group. @

This prompted foreign specialists to implement telemonitoring of patients and enroll them in
telecardiorehabilitation. Based on further studies, a program of regular physical exercises has eliminated
regressions of left ventricle hypertrophy in post-existing patients, both from the saved and significantly changed
fraction of the left ventricle (LV). As part of the visualization method, cardiac magnetic resonance is used.
This method has the advantage of accuracy and the possibility of frequent errors through the risk of exchange
of interest in the investigation. It is also indicated that effective cardiac output is not a residual criterion for
assessing local myocardial ischemia.

The compensatory function of myocardiocytes in healthy heart parts is not turned off, which can be
reflected in the indicators of effective cardiac dysfunction, when the ischemic part is often caused by the
process of cardiac shortening. In addition to this fact, it is necessary to note that cardiac shortening occurs
in different areas, through which visualization techniques quickly improve the epicardium and endocardium.
Using a randomized follow-up study, the effectiveness of treatment was used to compare the effectiveness
of treatment of patients who took part in the physical training program and compared with the standard of
treatment with drugs and patients who did not take part in the physical rehabilitation program.®)

The basis of the physical rehabilitation program is a gentle position on the running path with advanced
preparation before their execution (walking and short warm-up). The right ones were performed under the
supervision of a nurse. The diagnostic criteria included indicators of the index of impairment of local myocardial
velocity, as well as indicators of the fraction of the left ventricle, left ventral systolic volume and left ventral
diastole. The virtual baths were carried out for the benefit of patients for 4 days using uncontrolled cardio-
magnetic resonance. All patients previously underwent coronary angioplasty. @

The data were evaluated using the IBM SPSS statistics (Statistical Package for Social Sciences) method. Based
on the results of the follow-up, it was established that a complex of regular training combined with therapeutic
treatments had a positive impact on the indicators of the left ventricle fraction, an index of impaired local
myocardial velocity. As for left ventricular end-diastolic and systolic volumes, no significant changes in these
parameters were recorded, which may be evidence of the impaired ability of cardiomyocytes to stretch, as well
as the phenomenon of post-hypoxic rigidity of the heart muscle.

No daily changes were recorded in the most predictable indicators among the participants in the control
group, which is conclusive evidence of the need for a complex of regular gentle physical training for more
effective rehabilitation. and post-factual patients.

A large percentage of patients with a history of myocardial infarction sometimes deliberately refuse to
participate in rehabilitation programs, motivating their choice by physical and moral exhaustion in the early
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post-infarction period, the ease of taking cardiac drugs, and a low level of trust in hospital staff.®)

Over the past 10 years, the method of telecardiorehabilitation has become increasingly popular. Of particular
importance is this method of recovery from the fate of the COVID-19 pandemic.® This method significantly
expands patients’ access to rehabilitation in their own environment without the additional stress that can come
from being in a hospital.?” And in people’s minds, the development of current technologies can be helped by
their availability in a more compliant patient. Similar cardiac rehabilitation tests were carried out by Ukrainian
researchers on the basis of one of the Kiev clinics. The rehabilitation program included patients up to 70 years
old with ischemic heart disease, who were included in the group of low and moderate risk.

Patients with complex cardiovascular pathologies could not participate in the program. Rehabilitation
included 24 classes and was carried out partly on the basis of a leisure center at the place of residence of the
patients, and then by the patients themselves using digital technologies of the smartphone application (Leap
Fitness Group) with weekly consultation by a physical therapist. Analysis of the results revealed that patients
who did not undergo rehabilitation had no small changes in the quality of life, and indicators of the quality of
life after undergoing cardiac rehabilitation significantly improved, especially with little impact on the physical
component of health by 13 % and by 4 % the mental component of health improved.

The results of cardiac rehabilitation are optimistic, but the selection of participants and the inclusion of
patients with moderate and low risk group were small, and the trial value of the experiment was also low.®)

The Americans are now planning to conduct more representative studies of an increased number of patients
who are ready to take part in the investigation.® One of the tools for successful rehabilitation is the smartphone
as the most accessible high-tech device for everyday people.©? This research encouraged a group of researchers
from Johns Hopkins University and Apple to conduct a randomized controlled trial.

A characteristic feature of this research is the desire of post-infarction patients for self-service applications
on a smartphone, as well as Bluetooth-connected devices. Corrie’s study followed the fate of 1,064 patients with
a history of heart attack. Corrie HCR aims to test the effectiveness of new technologies in patients who have
experienced different types of cardiac events, including: myocardial infarction, coronary angioplasty, aorto-
coronary bypass. The purpose of this study is to evaluate the results of patients using additional technological
methods to improve the performance of the cardiac function and the overall improvement of the vitality of
life. The effectiveness can be verified using an additional 6-step walking test (after 12 long-term rehabilitation
programs).

It is also possible to evaluate the risk of development of cardiac functions in the future.®” The randomized
study includes 200 patients undergoing rehabilitation at Johns Hopkins Health System (Johns Hopkins Hospital,
Johns Hopkins Bayview Medical Center, Howard County General Hospital, and Suburban Hospital. The final
group included patients from different races, similar to their 100-acre warehouse in the structure population
in the United States.®23% Participants in the physical rehabilitation program for goiters are required to take
special rights 2-3 times per day. The total number of training sessions is 36 sessions. Corrie is accompanying the
patient during the ongoing experiment. The addition looks for the following aspects: life displays, faces, mood
displays, encouragement of healthy progress, etc. Other technical equipment was available: Omron BP monitor,
Apple Watch, and Fitbit Versa collecting BP, heart rate, and step count.®¥

In order to continue the cardiorehabilitation program, participants are taught self-control and training at
home, obligatory and on the basis of medical centers for 2 sessions to provide basic consultations. progress
assessments. Participation in the experiment is encouraged if risks for the development of cardiac functions are
revealed.®) A detailed analysis of the participant’s vital signs and assessment of his progress allows the clinician
to give the participant specific recommendations to improve results.®®

It is important to avoid feeding the participants at home, so that additional risks of cardiac conditions can
be identified.®” Participants are encouraged to telephone their supervisors in order to convey the necessary
instructions and direct interaction with the patient, as well as reinforce the importance of prompt response to
alarming symptoms, such as: sudden chest pain and shortness of breath.®®

In conclusion, it can be said that Corrie HCR follow-up can become an alternative rehabilitation program.
One of the key features of this cardiac rehabilitation program is the presence of participants at home, which is
the main reason for participation in the program for rich patients. Another characteristic of the innovativeness
of Corrie HCR is the ease of recording data, fragments of vital signs, necessary insertions before receiving
drugs, monitoring the patient’s progress is recorded on the basis of software smartphone security.

Patients may encounter a number of difficulties, among which the participants lack the right to make an
unsatisfactory recommendation through the lack of visibility from the side to the medical staff.®” The social
factor can also play a big role, such as the presence of other participants in the seminar. Undergoing cardiac
rehabilitation with other participants may become more effective through “fighting for the right to sleep”, as
well as the mutual exchange of information between participants. “%

The key to successful cardiac rehabilitation is the treatment of the patient himself before he can be seen.
Based on statistics, the incidence of myocardial infarction is directly proportional to increasing age.“"
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The difference in the established flight limit between the countries of Europe and Central Asia is colossal. So
in Europe, the figures reach 75 years, while in Iran, people who have reached 60 years of age already enter the
summer age. It also means that approximately 80 % of patients who meet the criteria for participation in the
cardiac rehabilitation program are not eligible to participate in the program. Some investigators speak of the
formulated indicators of “inner strength” and “strength to renew strength” as evidence for cardiorehabilitation.
According to Gholami, the relationship between the study participants in cardiac rehabilitation intervention
programs and increased internal strength is insignificant, or burned out on a daily basis.“?

In parallel with the randomized follow-up of the intervention program, 56 people participated in the
demonstration of internal strength and until the renewal of strength. All participants met the following criteria:
aged 60 years or more, discharged after acute myocardial infarction, presence of caretaker in the homeland,
with the necessary minimum knowledge of using a smartphone, in absence of severe concomitant pathology

The level of inner strength was also assessed using a questionnaire presented to the participants. The
questionnaire consists of 27 questions. Participants need to score a minimum of 27 points. This indicator
corresponds to a low level of internal strength. 135 points correspond to the maximum number of points (high
level of internal strength). As for the indicator of recovery ability, it was also determined using the survey
method. Accordingly, participants could earn 0-100 points for all 25 questions.

The results of this investigation may provide additional evidence that medical personnel are actively
involved in successful cardiac rehabilitation. The absence of a statistical difference in the control group before
and after the experiment probably indicates that the correlation between the implementation of the physical
training program and the indicators of internal strength and the ability to recover is statistically insignificant
or absent.®

Post-infarction rehabilitation is a complex and step-by-step process that requires the participation of
specialists in a variety of fields: cardiologists, rehabilitation therapists, physiotherapists, psychotherapists, etc.
Post-infarction patients, especially elderly patients, face a high number of calls when they become participants
in cardiac rehabilitation programs.“ Some start the course without any particular responsibility and do not
place any special hopes on the result, while others are faced with the problem of too many tasks, as a result
of which they take part in the program.

The presence of a curator or mentor stimulates the participant to the highest level of compliance, and the
digital warehouse of the program greatly facilitates the interaction between the participant and the mentor.“

Regardless of the recent development of digital technologies and improved cardiac rehabilitation programs,
the number of episodes of repeated myocardial infarction is increasing. This is partly due to insufficient
modification of the way of life and turning to the extreme.

This problem is encountered in modern Korea, which prompted researchers to evaluate the capacity of
cardiac rehabilitation services based on cardiac rehabilitation centers. For the analysis, the following indicators
were selected: those that were followed in the procedures (types, strength, coarseness of the program). The
assistance of a specially designed hospital included: warehouse programs, cardiorehabilitation, care, depth of
burial, etc.

The study was carried out at 12 cardiac rehabilitation centers and was aimed at the personnel of cardiological,
cardiac surgery and rehabilitation departments. “®

Based on the results of the investigation, it was established that such indicators as: assessment of risk
factors, recognition of cardiorehabilitation rights, monitoring of the risk of health problems were also in the
high level.“” On the other hand, it was found that the psychological component of cardiorehabilitation was
developed much worse. Indicators of assessment of professional counseling, as well as the level of stress
management and general psychological assessment were qualified as low (42 %, 50 % and 33 %, respectively).

The analysis of literary sources showed that in the vast majority of studies, the early start of rehabilitation,
which includes a complex of physical exercises, significantly improves and stabilizes the state of the
cardiovascular system: it improves the cardiac output fraction of the left ventricle, normalizes central venous
pressure, which stabilizes the performance of the cardiovascular system: blood pressure, heart rate, ECG
indicators. Physical rehabilitation covers the inpatient and outpatient period. It is important to start cardio
rehabilitation after the patient is discharged from the hospital.“®

Thus, patients with heart failure and with a preserved ejection fraction have features of adaptation to
physical exertion: the increased elasticity of the left ventricular chamber disrupts relaxation, which increases
the pressure in the pulmonary capillaries and causes significant shortness of breath at light exertion. Changes
in blood vessels in such patients reduce tolerance to physical exertion, and changes in the composition and
functioning of skeletal muscles sometimes add to the negative effects of physical exertion.“” This indicates
the need to develop other effective methods, so one of such approaches was the introduction of interval
training, which improved tolerance to physical exertion. Specialists are unanimous in their opinion that
cardiorehabilitation is the method that will develop and improve in today’s aging population.

In the clinical aspect, it means faster recovery, improvement of the general condition of the patient. The
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organization of cardiorehabilitation methods at the current stage is in the stage of formation. There are no
approved rehabilitation protocols for all components of this process. Medical rehabilitation remains the most
understandable for patients after surgical interventions or ischemic attacks, but in the last 10 years, physical
rehabilitation has demonstrated significant success.

Such methods of rehabilitation usually increase the access of a larger number of patients to recovery, since
this method does not have such a financial burden on patients. But in the analyzed sources of literature, there
was practically no emphasis on research into the psycho-emotional sphere of patients with CVD, although one
of the reviews indicated that up to 70 % of patients have disorders in the form of anxiety and depression, which
worsens the prognosis for recovery. %51

CONCLUSIONS

According to the literature, the use of innovative technologies in cardiorehabilitation had a significant impact
on the recovery process of patients after heart attacks and ischemic attacks and contributed to prolonging life
expectancy, restoring physical activity and generally improving the quality of life. The use of telemedicine
for the purpose of constant monitoring of the patient’s condition, as well as the connection of software on a
smartphone, creates opportunities for patients to monitor their condition themselves and notify specialists in
a timely manner in case of deterioration.

The development of complex physical activity and the addition of telecardiorehabilitation, which can be
carried out remotely using online technology, increased the share of patients who joined such programs. Such
innovations in cardiorehabilitation reduce the possibility of repeated ischemic attacks and return patients to a
full life. Despite the numerical advantages, questions remain unanswered: creation of simplified programs for
use by patients, individual approach in physical cardiorehabilitation, security of personal data
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