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Biofeedback is defined as providing feedback about changes in the patient’s physiological state, by means
of stimuli other than those used by the body, usually with the use of technology. This article presents an
analysis based on the surveys regarding the awareness of Polish society about biological feedback and its
effectiveness in the rehabilitation of patients with cardiac problems. The study was conducted to justify the
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diseases was carried out during the cardiac rehabilitation in which the biofeedback was used.
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Introduction

Biofeedback is a biological feedback used for example in the treatment
of neurological disorders as an aid in the treatment of depression using
EEG biofeedback, as well as in the treatment of coupled disability.
Thanks to its use, the patient receives information about their
physiological state during the exercise. Biofeedback therapy is also used
as a form of cardiac rehabilitation [1-4]. The World Health Organization
(WHO) defines cardiac rehabilitation as the sum of actions aimed at
providing the patient with the best possible physical, mental and social
conditions, so that he could return to normal private and professional life
with his own participation [5]. Physical effort in patients with heart
failure was contraindicated until the end of the 1980s and still raises
controversies, fears and sometimes objections in medical circles. Until
recently, for the sake of safety, patients with heart failure (HF) were
excluded from rehabilitation programmes, and rest was considered as the
primary treatment method [6, 7]. Cardiovascular diseases are the leading
cause of disability and deaths in developed countries and their
prevalence is increasing in developing countries [8].

Cardiac rehabilitation is a complex process consisting of many stages. It
can be carried out by various methods, but all of them are aimed at
restoring the condition as close as possible to the period before the
occurrence of dysfunction. One example is therapy with
cycloergometers. The aim of the work was to present the application of
biofeedback in cardiac rehabilitation and to analyse its effectiveness on
the basis of an exemplary rehabilitation programme. During its duration,
cadence, that is, the number of the full revolutions of crank per minute,
was visible on the screen, in addition patient received information in
which load range he or she had to maintain. It allows to perform a
training with the specific intensity, which ultimately translates into
positive effects of rehabilitation and allows to select the appropriate load
for each training session. This means that the patient controls his or her
term of office, and the therapist’s role is to determine the load. Thanks
to this, rehabilitation is effective and translates directly into improving
physical performance. Studies show the effectiveness and necessity of
cardio feedback in the treatment of diseases in cardiological patients [2,
9-11]. There are still few reports, both in Polish and world literature, on
the use of biofeedback in cardiac rehabilitation. Therefore, it was
decided to conduct biofeedback training and to examine its impact on
improving the functioning of patients with cardiological diseases.
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The Use of Cardio Biofeedback in the Rehabilitation of
Cardiological Patients

Cardiac rehabilitation is a method that allows safe and effective increase
of patients physical efficiency after myocardial infarction. It is useful in
clinical practice, and it can minimize mental stress and risk factors for
myocardial infarction. It combines physical activity with a change in the
likelihood of recurrence of the disease and in the perspective of
derivatives prevention, it aims to minimize symptoms related with
disability in the case of cardiovascular incidents. It also provides
improvement in the effectiveness of the exercises [12, 13]. According to
Sinha, complex cardiac rehabilitation programmes are multi-component
interference that includes elements of cardiological training with
secondary prevention, relaxation, stress management and participates in
the psychological adaptation of the participant. It consists of educational
sessions and exercises conducted in the outpatient mode for 4 to 8 weeks
by an interdisciplinary staff (psychologist, doctor, nurse, pharmacist and
dietitian). Home, self-supervised models are more common cardiac
rehabilitation, in which this method is conducted through various
multimedia materials or information brochures given to patients before
discharge from the hospital. The best results can be achieved by using a
combination of both methods [14].

In the case of a home model, in order to ensure patient safety, it is
important to educate the family in first aid and provide information on
indications and contraindications for undertaking various types of
physical activity [15, 16]. The cardiac rehabilitation system allows you
to design the following types of training: interval training, training with
heart stabilization, training with programmed increase or the reduction
of a work load and combinations of the above-mentioned training. The
system is used to conduct multi-position cardiological therapy or training
with a load. This method allows each patient participating in the training
group an individual course of exercises, medical supervision during the
training and the creation of documentation of a rehabilitation session.
When defining a workout, various parameters are determined depending
on the type of training selected: individual duration, load, load increase,
maximum heart rate (HR) and moments of automatic blood pressure
measurement [17].

One of the applications of biological feedback (biofeedback) is the

rehabilitation of cardiological patients using cycloergometers during
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ability to automatically control the number of revolutions per minute,
which results in a stable pace of driving during classes, and the variable
used by the physiotherapist is the load specified in watts (Watt, W). The
aim of rehabilitation is to stabilize cardiovascular and respiratory
parameters and improve physical performance, and with the duration of
rehabilitation, increases the training load. The patient is expected to
stabilize cardiovascular and respiratory parameters during exercise [2,
10, 11, 18].

Materials and Methods

The results of 12 patients with various cardiological diseases were
analysed. Among the subjects were three women and nine men, the age
of patients ranged from 51 to 79 years, and the training of each person
was based on the same scheme. Each patient’s rehabilitation cycle
consisted of 24 trainings [19]. Participants were fully informed about the
purpose and methods of the study as well as its risk, they voluntarily
agreed to participate. Rehabilitation was carried out using bicycle
cycloergometers, the physiotherapist adjusted the appropriate load
recommended by the attending physician, each patient received feedback
about his term and his task was to keep it constant (40-60 revolutions per
minute) during all trainings in the rehabilitation cycle. By using the
PubMed, Scopus, Web of Science database, articles about biofeedback
and cardiac rehabilitation were reviewed.

Results

The average age for a statistical man participating in the study was 64.7
years and for a woman 66.0 years, after analysing the collected data, we
can present averaged measurements. Separately for a statistical man and
for statistical woman. These measurements are:

i.  heart rate and blood pressure,

ii.  workload in a group of women and men.

Rehabilitation in most of the patients brought the desired effect,
increasing the load during rehabilitation without a significant increase in
the reading of the electrocardiograph and is frequent that with a duration
of the rehabilitation pulse readings were recorded lower at each stage of
training (resting, maximum and final pulse). Systolic and diastolic
pressure (resting pressure, pressure during training and final pressure)
were also monitored. The analysis results are shown in (Figures 1 & 2).
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Figure 1: HR sample patient.
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Evaluation of the Effectiveness of Biofeedback in Cardiac
Rehabilitation

Cardio biofeedback is more effective during cardiac rehabilitation in
some cases than its traditional form. It results in higher patients
involvement in training which leads to greater therapy effects. The
authors describe the use of biofeedback in cardiac rehabilitation as a
method of stress management, which gives positive results in the pulse
achieved by patients [20]. Biofeedback is also used in the learning of
diaphragm breathing, which in cardiological patients is an extremely
important element of therapy. It was also found that physical training in
patients with spasmodic disorders reduces the number of hospitalizations
due to heart failure, increases overall functional capacity and quality of
life [21, 22]. Although, every physical training improves the quality of
life and prognosis in patients with severe myocardial infarction after
percutaneous coronary angioplasty [23]. One of the most important
factors that help maintain health and good physical fitness is physical
activity. This is a prerequisite for the proper development of the
individual, maintaining balance in biological, psychophysical and social
development [24, 25].

One of the methods used in cardio biofeedback is the analysis of Heart
Rate Variability Biofeedback (HRV), it is performed using ECG, blood
pressure measurement and ballistocardiography. Studies show a
relationship between reduced HRV and reduced mortality after a
myocardial infarction [26]. In order to show the spectrum of biofeedback
application more broadly, research has been conducted which found that
feedback can be used on training planning. The study was carried out on
a group of 18 people aged 19-22 (39% men and 61% women) exercising
on cycloergometer. For the purposes of the study, the “PELETON plus”
system was used. The study used a central control station with two LCD
monitors and 10 exercise units in the form of ERM-200 cyclic
ergometers and wireless electrocardiography (ECG) modules. While
performing the exercise in the research sample, the subjects had the
opportunity to monitor their parameters such as: cadence, heart rate,
power, duration of training; while in the control sample they were
deprived of this feedback in order to check if it has an impact on the
effectiveness of training and the implementation of planned
rehabilitation assumptions [19, 27].
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Figure 2: RR sample patient.

The results were analysed in terms of the effectiveness of the above-
described form of training and the impact of biofeedback on maintaining
pulse and cadence at a relatively constant level. It was also checked how
the observation of parameters by the exercisers affects the broadly
understood motivation, and thus increases the effectiveness of the
exercise. The training has been scheduled for 36 minutes. When entering
the study, patients were informed about the maximum load power of 300
W and about its gradual increase in individual parts of training. To
control the body's response, systolic and diastolic blood pressure was
measured several times. Exercisers were informed about the minimum
and maximum cadence values that should be maintained during all
phases of training - this value should be in the range of 60-80 revolutions
per minute. The instructor informed the participants of the study about
the possibility of stopping the training when the minimum cadence
cannot be achieved at a given power - this moment verifies the maximum
load assigned separately for each subject [9, 19, 27, 28]. The results of
the study are presented in (Figure 3).

By analysing the results of the exercisers, it can be stated that the HR
value increased significantly in subsequent training phases. There were
no abnormal heart rate spikes. The ability to monitor and control
exercisers’ cadence has allowed them to maintain training parameters in
accordance with the instructor's guidelines. Biofeedback influenced the
motivation of the respondents and allowed to obtain a good result thanks
to the possibility of self-control, which increased its effectiveness. The
control trial was based on the same training plan, however the
participants received only one feedback to interrupt the training at the
moment when unexpected changes occur (excessive fatigue, dizziness,
etc.) or if they will be unable to continue training due to fatigue. They
have not been given the value of the minimum cadence they are supposed
to maintain or feedback on the current pulse, pressure and cadence
(Figure 4).

Lack of feedback during the control sample prevented the participants
from self-control, which reduced the effectiveness of training and the
deprivation of the ability to control the term meant that it was not
maintained at the appropriate level. The participant reported their desire
to end the exercise much faster because of fatigue, however, their heart
rate did not reach as high as in the test sample.
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Figure 3: Results of average measurements during the control sample.
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Figure 4: Results of average measurements during the test sample.

Discussion

Biofeedback is increasingly common form of therapy used to treat a
variety of deficits and problems of a physiological nature, as well as
psychological. Many people are unaware of its widespread use. This
therapy can be used e.g., in cardiac rehabilitation, in the fight against
stress, in the treatment of depression. Numerous publications present
arguments for the use of biofeedback not only as an addition to
traditional therapy, but as an integral part of it. However, the authors also
point out that there are many insufficiently studied aspects in the case of
biofeedback, which would require undertaking research on a wider
group of patients. Literature data on the impact of mental state on
participation in cardiac rehabilitation programmes are contradictory
[29]. Depression increases the risk of not completing the cardiac
rehabilitation programme [30]. According to Cooper, depression and
anxiety reduce the likelihood of participating in a rehabilitation
programme [31]. In other studies, patients participating in cardiac
rehabilitation had a higher level of anxiety and depression than people
who did not participate in the study [32]. Research proves its
effectiveness and a wide range of applications. It can be used regardless
of gender, age and accompanying diseases. [1, 2, 10, 11, 33, 34]. Articles
on biofeedback confirm the need for its use in cardiac rehabilitation. The
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authors confirm the above-mentioned results in the conclusions -
biofeedback positively affects the physical efficiency of patients [18,
27].

A frequently discussed problem regarding this therapy is the lack of
control tests in various forms of therapy, which is a big problem because
it undermines the credibility of these studies [11]. The defensive
argument is the difficulty of making a control sample, e.g., in the
treatment of some cognitive deficits, because the problem is multifaceted
and it is difficult to determine the direct impact of one of the factors, i.e.,
biofeedback. Its undoubted advantage is universality. During therapy,
e.g., conjugated disability, we can affect several aspects at the same time,
e.g., concentration, memory and cognitive function [27, 33-38]. Apart
from treating specific physical or psychological diseases, biofeedback
can be used to prevent various diseases, but unfortunately few people are
aware of this, which leaves untapped potential in this method [39].

Conclusion
Biofeedback is an increasingly developing branch, which is more and
more often used in rehabilitation. It has a wide spectrum of use in

curation of different deficits. The training with biofeedback support
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carries the improvement of health condition and physiological
parameters in cardiac patients and contribute to training conduction with
unifying the conditions for each session. This tool enables patient’s self-
control (in cardiac patients cases, it was pace self-control during a
training on cycloergometer), which improves the efficiency of
rehabilitation and provides the limitation of variables during therapy. It
aims to efficient and directed rehabilitation at the highest level and
ensure the comparability of results.

Conclusions relating to control sample and research sample
unequivocally shows the importance and necessity of feedback use for
patients during cardiac rehabilitation. The group of research sample
patients kept pace on effective level for this kind of attempts, which was
not registered on control sample. Their pace was unstable, low and
increased the amount of variables, therefore it is impossible to use the
gradual increase of difficulty degree in the process of training.
Furthermore, attendees of control sample, finished faster their
participation in training. They did not reach the desired heart rate.
Application of feedback during attempt is crucial and advantageous, on
the other hand the lack of feedback can occur effective training
preclusion, due to the occurrence of many variables. Without the
feedback practice, the influence on training is lesser and it is harder to
conduct each training session in uniform shape.

Consent

We have obtained the consent of the resolution No. 4/03/2019 of the
Bioethics Committee at the University of Rzeszow to conduct the
following tests.

Abbreviations

WHO: World Health Organization

HF: Heart Failure

W: Watt

HR: Heart Rate

ECG: Electrocardiography

EEG: Electroencephalography

HRV: Heart Rate Variability Biofeedback
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