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addition to the respiratory system, stroke can lead to impairment of the cardiovascular system. This occurs when the Autonomic Nervous
System is affected, increasing the risk of the development of Heart Rate Variability due to sympathetic hyperactivity, this c ondition may
predict an unfavorable prognosis after stroke. Case presentation: The aim of this study was to evaluate the variability of heart rate and
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BrainLink LITE. Conclusion: After therapy, significant alterations in the Delta wave increase and reduction of the Alpha wave were
observed, also changes in the Autonomic Nervous System parameters were observed, with reduction of the sympathetic activity and
increase of the parasympathetic activity, along with that, a reduction in the stress index was observed. The intervention was still positive
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BACKGROUND
Stroke is defined as a neurological disease that causes
sudden loss of brain functions with the fast
development of clinical signs.(1) The type of dysfunction
and the consequences present after a stroke are
determined by the region of the lesion in the brain and
by the extension of the injury.(2)
The loss of motor functions is one of the major
complaints after a stroke, one of the most important
motor symptoms is the muscle weakness, which can
affect the upper limb, trunk and lower limb of the
hemibody contralateral to the injury. The trunk paresis
can lead to postural dysfunctions, which keep the
ribcage in an inspirational position, promoting a
decrease in the activation of the abdominal muscles. In
consequence, it leads to inefficiency of the respiratory
muscles and pulmonary mechanics, subsequently,
respiratory problems.(3) These changes promote a
decrease in the values of the maximum pulmonary
pressures related to respiration.(3,4)
Stroke can also lead to impairment of the
cardiovascular system. This happens when the
Autonomic Nervous System (ANS) is affected.(5,6) The
ANS is the part of the nervous system that controls
involuntary functions of the organism, it’s divided into
sympathetic and parasympathetic subsystem. The
sympathetic subsystem is activating in stress

situations; while the parasympathetic predominates in
recovery, during the state of greater stability of the
body.(5,7)
After a stroke, when there is the presence of
autonomic cardiovascular dysfunction, it’s common to
observe
a
sympathetic
hyperactivity
and
parasympathetic dysfunction. When the autonomic
functions areas related are affected, there may be a
change in heart rate variability (HRV).(8,9) In this view,
the control of HRV can be a predictor in the prevention
of recurrence of stroke. In the same way, the strength
gain of the respiratory muscles may be important for
the return of activities and greater social participation
of the patient with stroke sequelae.

CASE PRESENTATION
A 61-year-old female with a diagnosis of Stroke
occurring three months prior to the study. An evaluation
of the sociodemographic variables was performed, and
data from the cardiopulmonary physical examination
was collected, focusing on the heart rate (HR) and
respiratory muscle strength, before and after an
intervention with five brain training sessions using the
Neurofeedback BrainLink LITE.
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The evaluation proceeded, in order, with the cerebral
mapping through quantitative electroencephalography
(qEEG), followed by the evaluation of HRV through
EmWaveTM (Hearthmath) and respiratory muscle strength
with data of peak inspiratory flow (PIF) and muscle
strength
index
(S-Index)
evaluated
through
PowerBreathe (POWERbreathe Kinetic Series, HaB
international, UK). The research protocol was structured
as follows: on the first day, the variables were assessed
and the first training was performed. The others four
training sessions were performed in the others 2 weeks
on intercalated days.
On the fifth and last day of training, a re-evaluation of
the variables was executed. Each training lasted 15
minutes. All the trainings were performed with the
Neurofeedback BrainLink LITE, which focuses on the
training of the Fp1 area, related to the executive functions
of the brain. The study was approved by the Research
Ethics Committee involving human beings of the Estácio

do Ceará University Center under protocol 2,908,211. In
table 1, the data related to the activation of the ANS, that
is, the values of the activation index of the Simpathetic
Nervous System (SNS) and the Parassimpathetic
Nervous System (PNS), of the mean heart rate (HR) and
the stress index, resulting from the evaluation with
EmWave and summarizes the values of S-Index and PIF
obtained with PowerBreathe, before and after the
intervention with NFB. The values of overall inspiratory
muscle strength index (S-Index) and peak inspiratory flow
(PIF) before and after NFB intervention are disposed in
figure 1.
The table 2 and table 3, respectively, disposes the
mean before and after intervention and its difference and
95% confidence interval (CI) of activation of brain waves
with open eyes and closed eyes whereas the figure 2
shows the relative values (percentage of total EEG) for
Delta waves and Alpha waves with eyes closed, open and
on task, before and after NFB intervention.

Table 1. EmWave variables and S-Index and PIF values before and after NFB intervention

Variable
HR Mean
PNS Index
SNS Index
Stress Index
S-Index
PIF

Before
intervention
76 bpm
3,51
-0,36
4,4
39,75
2,19

After
intervention
73 bpm
5,12
-0,71
3,6
51,88
2,90

Difference
-3 bpm
1,61
0,35
-0,80
15,13
0,71

*

Note: Heart rate (HR), Parassimpathetic Nervous System (PNS), Simpathetic Nervous System (SNS), Strength index (S-Index), Peak inspiratory
flow (PIF).

Figure 1. Values of overall inspiratory muscle strength index (S-Index) and peak inspiratory flow (PIF) before and after
NFB intervention.
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Table 2. Mean difference and 95% confidence interval of brain waves activation with open eyes.

Open eyes
Waves
Delta
Theta
Alpha
Beta
Low Beta
High Beta
Gamma

Mean
intervention
11.16
17.86
19.35

before Mean
intervention
12.94
19.29
18.96

19.01
9.981

17.95
9.886

15.17

14.10

7.488

6.601

after

Mean difference (95%
CI)
-1.779 (-3.820 to 0.260)
-1.429 (-3.547 to 0.687)
0.385 (-1.931 to 2.702)
1.056 (-0.315 to 2.428)
0.095 (-0.800 to 0.991)
1.069 (-1.501 to 3.638)
0.601 (-1.017 to 2.221)

*

Note: ANOVA TWO-Way com post hoc of Bonferroni. p<0,05.

Table 3. Mean difference and 95% confidence interval of brain waves activation with closed eyes.
Closed eyes
Waves

Mean before intervention

Mean
intervention

Delta

8.929

11.96

Theta

19.31

19.46

Alpha

23.35

20.46

Beta

18.31

17.33

Low Beta

10.45

11.01

High Beta

13.15

13.32

Gamma

6.471

6.495

after

Mean difference (95%
CI)
-3.031 (-4.974 to 1.089*)
-0.140

(-2.157

to

2.895

(0.689

to

0.989

(-0.316

to

-0.560

(-1.413

to

0.165

(-2.612

to

0.023

(-1.565

to

1.875)
5.101*)
2.295)
0.292)
2.282)
1.518)

*

Note: ANOVA TWO-Way com post hoc of Bonferroni. p<0,05

Figure 2. Relative values (percentage of total EEG) for Delta waves and Alpha waves with eyes closed, open and on
task, before and after NFB intervention.
*

Note: electroencephalography (EEG), Near Field Communication (NFC).
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DISCUSSION
This study questioned the applicability of five training
sessions with Neurofeedback BrainLink LITE as therapy
in the conditioning of the cardiorespiratory system. It was
hypothesized that NFB training would be capable of
performed, in part, by ANS, which provides afferent and
efferent nerves to the heart. The increase in HR is a
consequence of the greater action of the sympathetic
pathway and the lower parasympathetic activity. Thus,
the elevation of the parasympathetic modulation induces
an electrical stability of the heart, whereas the high
sympathetic activity increases the vulnerability of the
heart and the risk of cardiovascular events.(10-13)
Interventions on HRV can work by increasing
parasympathetic activation in the context of stress, and in
response to this, a physiological mitigation of stress
response is possible, supporting the parasympathetic
activity to buffer the sympathetic reactions to stress.(14)
Others authors corroborates with our findings, where
after an increase in parasympathetic activity there was an
improvement in the patient's stress indexes. After NFB
training, SNS activity decreased and PNS an increased,
resulting in a reduction of stress and HRV.(15,16)
In the mapping of the brain waves, a change was
detected in the activation of Delta and Alpha waves. After
the intervention, Delta was significantly increased during
the evaluation with closed eyes, just as Alpha presented
a relative reduction in the same evaluation (FIGURE 2).
The Delta wave, considered a low frequency wave and a
large amplitude (0.5 Hz - 4 Hz), is related to deep sleep,
to the point that Alfas waves (7.5 - 12.5) are associated
with the state of relaxation, attention and awareness. It is
assumed that Deltas waves are associated with nonRapid Eyes Movement (N-REM) sleep.(17) Exist a
relationship between ANS and sleep states that shows
that during REM sleep the SNS is more activated than the
PNS. The opposite occurs during N-REM sleep, where
there is a lower activation of SNS and greater activation
of the PNS.(18)
In addition, there is a relationship with the results
found in this study, where there was a decrease in SNS
and a significant increase in Deltas waves, corroborating
with the physiological processes already described in the
literature. It’s reported that sleep is also an important
modulator of cardiovascular function, where there is a
temporal association between physiological sleep and the
occurrence of vascular events, cardiac arrhythmias and
sudden death. It indicates that there is a possible
correlation between primary sleep abnormalities and
metabolic and cardiovascular diseases such as
hypertension, atherosclerosis, stroke, heart failure,
cardiac arrhythmias, sudden death, obesity, and
metabolic
syndrome.(19) Furthermore,
to
these

promoting changes in the brain areas responsible for
ANS and thus bring HRV adjustments, as well as being
able to promote respiratory muscle strength
improvement. The control of the cardiovascular system is
parameters, it was possible to observe significant
changes in Delta and Alpha brainwaves patterns.
These waves are important in sleep quality since the
Delta wave is related to deep sleep (N-REM), by the
existing relationship between PNS with the generation of
N-REM sleep, it’s questioned whether the change in the
parasympathetic system is related to the increase found
in Deltas waves. Besides this, studies that relate
respiratory muscle strength to the results of an NFB
training protocol have not been described in the literature,
yet. This study, however, presents this hypothesis. As a
result, a positive difference was found with an increase in
inspiratory variables after the application of five NFB
training.

CONCLUSION
Finally, the applicability of five training sessions with
Neurofeedback training generated an increase in
variables related to respiratory function: S-Index and PIF.
As expected, there was a change in the pattern of
activation of the ANS, nothing that the training was
sufficient to change the mean heart rate, decrease the
SNS index and increase the PNS and reduce the stress
index. Finally, it is concluded that NFB training may be a
way in stroke therapy of conditions related to ANS and
cardiorespiratory function. In view of the result being
related to a single case, it is proposed the need to
reproduce this research in a larger scale, for a more
statistical approach.
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