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Abstract
Autonomous nervous system, specifically the parasympathetic system, can be trained by means of biofeedback technique, in-

creasing its neuroplasticity to benefit the vagal tone, primarily the heart rate variability. The aim of this investigation was to evaluate
the behavior of the heart rate variability in patients recovering from acute myocardial infarction after the use of Biofeedback tech-

nique. The study used was a quasi-experimental design type before and after to analyze the presence of changes in the proportion
of subjects with heart rate variability before and after the biofeedback technique. Mc Nemar’s test was used. As a result of the study,

a significant difference was observed (p = 0.003) between the proportions of those subjects with modified heart rate variability before and after the Biofeedback. It seems it is possible to modify the vagal tone using the biofeedback technique and therefore would

warrant further investigations regarding the therapeutic benefits of the technique as a complementary and alternative mind-body
therapy for cardiac patients.
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Introduction
Biofeedback is a procedure of moulding, in which the feedback received by the subject is a particular modality of reinforcement. This

approach postulates that one can learn to modify the activity of the autonomic nervous system. This learning can be done through oper-

ant conditioning, where controls of the autonomous variables occur without intervening medical processes. Biofeedback involves the use
of electronic equipment to monitor internal events while teaching the patient to adjust mental processes to control bodily functions and
processes, such as body temperature, blood pressure, muscle tension, and especially heart rate variability (HRV), which is no more than

the variation of the heartbeat frequency during a defined time interval in an analysis of consecutive circadian periods. In the basal state,

the heartbeat is produced with a variable frequency, not equidistant, with respiratory sinus arrhythmia being the most demonstrative
example [1-4].

HRV is the result of the interactions between the autonomic nervous system (ANS), its sympathetic-parasympathetic balance and the

cardiovascular system. Basically, the heart rate (HR) is modulated by a joint action, but independent, of these two systems, as both stimuli

occur at the same time. The value of the HR cannot be fixed and there is a constant oscillation in HR values, where the VFC is increased
by the parasympathetic system and diminished by sympathetic action. During inspiration there is a predominance of the sympathetic

system and during expiration there is parasympathetic or vagal predominance. It is possible to synchronize the minimum variability of
the heart rate, shorter RR intervals, with the inspiration and the maximum variability of the heart rate with expiration, which is called
cardiac coherence [5-7].

At the level of the brain bulb are parasympathetic nuclei of the vagus nerve of both the respiratory and cardiovascular systems, a con-

trolled diaphragmatic breathing with inspirations of 4 seconds and long expirations of 6 seconds, the bulbar respiratory nuclei are stimu-

lated, which in turn, these by contiguity, activate the nuclei cardiovascular events by increasing the vagal cardiovascular response. This
phenomenon of negative feedback is the basis of Biofeedback training in this experiment. This type of breathing exercise during a specific
period of time exercises the autonomic nervous system, in the same way that we exercise a skeletal muscle, increasing the neuroplasticity

of the parasympathetic autonomic system, which is trainable through Biofeedback techniques, increasing its protective effect on the cardiovascular system, and other systems that benefit from increased vagal tone. Using computerized equipment and sensors, the patient’s

information is collected and plotted. The information that is collected and plotted is the VFC beat by beat and its respiratory frequency by
means of a dynamic chart which allows the patient to follow a respiratory pattern programmed at the same time on the same screen to
achieve adequate cardiac coherence [8,9].

Experimentally induced myocardial ischemia in animal models have shown an important association between decreased heart rate

variability and the occurrence of spontaneous ventricular fibrillation, decreased ventricular fibrillation threshold, and mortality. Subse-
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quently, procedures that increase the variability of heart rate, such as beta-blockers and exercise, reduce mortality, increase the threshold
for ventricular fibrillation and decrease ventricular fibrillation induced by ischemia, exercise or spontaneous. This is found in both animal

studies as well in human studies [10-14]. HRV is a sensitive indicator of the degree of aging of the autonomic nervous system and a predictor of cardiovascular mortality as high as the fraction of execution of the left ventricle [15].

Ischemic heart disease continues to be one of the first three causes of mortality in the developed world, as well as in Cuba. The ven-

tricular arrhythmias is one of the direct cause of death in many cases, and the sympathetic activity plays an important role in its’ develop-

ment. In addition, the increase in sympathetic activity influences ventricular remodelling causing heart failure in the immediate future of
the ischemic patient [16-18].

The main objective of this investigation was to evaluate the behavior of HRV in patients recovering from a myocardial infarction, us-

ing respiratory techniques based on the principles of Biofeedback. The experiment consisted of subjecting the patients in a controlled

environment to a session of diaphragmatic breathing exercises guiding their inspiratory and expiratory times by means of a computerized
program. The heart rate was monitored during 10 minutes before and after the experiment. The standard deviation of the averages of the
RR intervals measured in milliseconds was considered as the variability of the heart rate (SDNN), and calculated digitally. To make the
analysis easier, we transformed the dependent variable VFC into a nominal dichotomous variable, considering that HRV existed when the

SDNN was greater than 50 milliseconds, a value considered as adequate variability in normal subjects. Our question was to ask ourselves
what would happen to VFC after submitting the patient to a breathing session with Biofeedback techniques.

Materials and Methods

Independent Variable: Biofeedback. Dependent variable: Variability of the heart rate. Indicator of the dependent variable: standard

deviation of the basic interval RR (SDNN).
Study Design

Patients recovered from an acute myocardial infarction, treated at the General Dr. Gustavo Aldereguia Lima Hospital of Cienfuegos,

were randomly selected during the months of July and August of this year. The HRV of each patient was measured digitally before and after
the action of the independent variable.

For the statistical analysis the SPSS .21 analysis was used. Affirming that the independent variable positively modifies the dependent

variable in response to our question (X2 Mc Nemar > X2 2/2.1) indicating that there are differences between the proportions before and

after the experiment (P1 ≠ P2). Hypothesis 0 (Ho) would be rejected under these conditions. The probability that the differences of the

before and after were a product of chance would be doubled by the value of p. If found significant the difference would be found with a

value of p less than 0.05. The McNemar test was used for these analyzes. The data was shown in graphs and output tables with values in
absolute numbers and percent.

Results and Discussion

This sample may have a high level of uncontrollable contamination in the research, twenty patients were randomly selected with

a diagnosis of acute myocardial infarction in the Cardiology ward during the study period. Those chosen where chosen based on their
clinical stability and voluntariness. In favour of the study, each subject became their own control minimizing bias of the sample. A brief
characterization of subjects is shown in table 1. The variables age, sex, location of the IMA and treatment create a strong influence on

HRV, depending on aging, autonomic nervous system damage and vagal or sympathetic predominance during the coronary event [19,20].
General Characteristics

Male

Female

Average Age

IMA anterior

IMA posterior

IMA Thrombolized

IMA Not Thrombolized

No = 20

%

12

60 %

8

40 %

13

65%

65 ± 10.5
7

14
6

Table 1: General characteristics.

35%
70%
30%

In this small study when analyzing HRV, a significant difference (p = 0.003) was observed between the proportions of the subjects

before and after Biofeedback (Table 2). Before the Biofeedback training session, 80% of the subjects showed that the HRV SDNN did not

exceed 50 milliseconds, but after the session only 35% remained with a lower HRV of 50 milliseconds (Figure 1). The average SDNN before the intervention was 48 ms and after the intervention it was 86 ms.
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VFC Before
Yes
No

VFC After
Yes
4
9

46

No
0
7

Table 2: Variability of the heart rate before and after the experiment.
Summary of the Mc Nemar statistic (b + c).
X2 Mc Nemar = 9; gl. 1; p = 0.003

Figure 1: Proportion of subjects without HRV before and after Biofeedback.

The reduction of HRV in patients suffering an AMI is well studied and proven, as well as its predictive value of mortality as high as the

left ventricular ejection fraction or the oxygen consumption VO2. For this reason one of the main objectives of physical training during

cardiovascular rehabilitation is precisely to increase the HRV and the vagal response in the recovery stage of a determined physical effort.

The value of the decrease in HR in the first minute of the recovery stage during an exercise test is a great predictive value of mortality
due to cardiac arrhythmias after an AMI indicating the beneficial functioning and neuroplasticity of the parasympathetic system having a
cardio-protective effect [21,22].

Until now, physical exercise has usually been thought of as the cornerstone of cardiac rehabilitation to increase the aerobic capacity

of VO2 patients; however, every day alternative medicine gains adherence and is more accepted according to the evidence, taking into ac-

count its simplicity, innocuousness and harmonization and body mind coherence. This is evident in that since 1975 the General Hospital
of Massachusetts introduced a systematic practice with many of these procedures as an alternative complement to treating their patients
and used techniques such as meditation and Biofeedback [23-26].

In this study, taking into account all its limitations and biases recognized by researchers, the difference between HRV before and after

Biofeedback (P1 ≠ P2) was demonstrated at least mathematically. It may be possible to modify the vagal tone in a positive way by means of
breathing exercises with Biofeedback techniques. However, a single Biofeedback session can only temporarily modify the vagal tone and it
would be beneficial to observe long-term benefits that have been noted in literature with studies that have at least one month of training.
It would be interesting to acquire more evidence to use such techniques in cardiovascular rehabilitation programs.

Conclusion

This study proves that it is possible to modify important biological variables using biofeedback technique and benefits the wellbeing of

the patient. This technique could be used in conjunction with treatment in cardiovascular rehabilitation. Furthermore, whatever situation

able to modify the sympatic activity benefits a patient with ischemic cardio vascular disease. In addition, this technique doesn’t have any
adverse effects and is easy to perform, as well as useful. Humans are bio-psycho-social beings, mind-body harmony and cardiac coherence, as well as have a perfect sympathetic-parasympathetic balance. It can be as angular as the physical exercise itself in cardiovascular
rehabilitation.
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