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Abstract 

Background  The hallmark symptom of heart failure (HF) is severe exercise intolerance. Fortunately, accumulated 
evidence suggests that exercise programs improve physical performance, enhance autonomy in daily activities 
and quality of life, and reduce cardiovascular and other hospitalizations. Recently, experimental studies have explored 
the application of non-invasive brain stimulation techniques, especially transcranial direct current stimulation (tDCS), 
aiming to improve physical performance due to its ability to modulate brain functioning. The primary objective 
of the present study is to evaluate the effects of anodal tDCS associated with aerobic exercise on the functional 
capacity of patients with HF with reduced ejection fraction (HFrEF). Secondary objectives are to compare the effects 
of tDCS associated with aerobic exercise vs. sham-tDCS associated with aerobic exercise on cardiopulmonary exercise 
capacity; inflammatory cytokines; and quality of life.

Methods  This is a two-arm, prospectively registered, randomized trial with concealed allocation, double-blind, 
and intention-to-treat analysis. Forty-four patients with HFrEF will be recruited. The experimental group will undertake 
25–30 min aerobic exercise training associated with tDCS, for 4 weeks. The control group will undergo the same aero-
bic exercise training, but with sham-tDCS. The primary outcome will be functional performance by the 6-min walk 
test. Secondary outcomes will include cardiopulmonary exercise capacity, inflammatory cytokines, and quality of life. 
Outcomes will be collected by a researcher blinded to group allocation at baseline (T0) and after 4 weeks of interven-
tion (T1).

Discussion  Although previous studies have investigated the combined effect of tDCS on T3 area and physical per-
formance and have suggested that tDCS could have reduced ratings of perceived exertion by affecting the activity 
of the insular cortex, and therefore increase exercise tolerance, this study is the first to evaluate the effects of the addi-
tion of anodal tDCS to aerobic exercise training for improving physical and functional performance, decreasing 
the perceived exertion, altering the quantification of inflammatory cytokines, and improving the subclinical values 
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of the cardiopulmonary test in patients with HFrEF, which could result in an important advance in cardiac rehabilita-
tion for patients with chronic HF.

Trial registration  Brazilian Registry of Clinical Trials (ReBEC) RBR-10w787j6. Registered on 25 April 2023. https://​ensai​
oscli​nicos.​gov.​br/​pesqu​isador

Keywords  Clinical Trial, Heart failure, Exercise training, Transcranial direct current stimulation

Background
Currently, cardiovascular diseases constitute the main 
group of diseases in causes of death worldwide and are 
responsible for premature deaths, loss of quality of life, 
and biological and social impacts [13, 15, 28]. Heart fail-
ure (HF) is a common terminal symptom of many car-
diovascular diseases [11], and as part of this group, it is 
related to high direct hospitalization costs and indirect 
costs, with a high burden of morbidity for patients [27, 
33].

The hallmark symptom of HF is severe exercise intol-
erance, which is multifactorial and attributed to central 
and peripheral pathophysiological mechanisms, such 
as impaired cardiorespiratory reserve, excessive sys-
temic vascular resistance, impaired vasodilation capac-
ity, abnormal redistribution of blood flow and muscle 
perfusion, and decreased mitochondrial volume density 
and skeletal muscle function [32]. Heart injury causes an 
increase in the neurohumoral activity of some systems, 
such as the sympathetic nervous system, which triggers 
inflammation and oxidative stress, culminating in sev-
eral alterations in the musculoskeletal system, including 
a reduction in strength [17]. Elevated levels of interleu-
kin-6 (IL-6) and tumor necrosis factor (TNF-alpha) were 
described as important factors for the progression of 
chronic HF [10, 17]. Exercise intolerance, chronic fatigue, 
and inability to perform activities are the main symptoms 
of HF and are associated with poor quality of life and 
adverse outcomes [3, 8, 14, 33].

Fortunately, accumulated evidence suggests that exer-
cise programs improve physical performance, lessen left 
ventricular remodeling, improve autonomy in daily activ-
ities and quality of life, and reduce cardiovascular and 
other hospitalizations [4, 11, 13, 16, 23, 25, 32]. Based on 
principles of exercise physiology, performance depends 
on the integrative response of the pulmonary, circula-
tory, and musculoskeletal systems. Goes-Santos et al. [11] 
suggest that there is a link between an increase in physi-
cal capacity and amelioration in neurovascular control 
and skeletal myopathy in exercise-trained patients with 
HF with reduced ejection fraction (HFrEF). Peripheral 
adaptations, particularly in skeletal muscle, are the pri-
mary mechanism for increasing maximal oxygen uptake 
(V̇O2max) after exercise training in patients with HF, and 

the reason may be that, compared with cardiac muscle, 
skeletal muscle is more plastic and has the potential for 
rapid, large improvements in function after even a brief 
period of exercise [28].

Recently, experimental studies have explored the 
application of noninvasive brain stimulation tech-
niques, especially transcranial direct current stimula-
tion (tDCS), aiming to improve physical performance 
due to its ability to modulate brain functioning [2, 18, 
21]. Even more interestingly, tDCS may have a mod-
erate positive impact on performance levels [30], and 
both tDCS and aerobic exercise are capable of modu-
lating cognitive functions, hemodynamic activity, brain 
activity, and perceived exertion in submaximal exercise 
[19, 31]. A possible target for tDCS is applying over the 
left temporal cortex to modulate the insular cortex (IC), 
which is implicated in the control of cardiac autonomic 
function, resulting in increased parasympathetic modu-
lation at rest and during exercise, and delaying the rate 
variability threshold would increase the time exercis-
ing with a lower cardiovascular load, which could post-
pone fatigue [12, 19]. Okano et al. [24] and Montenegro 
et al. [20] studied the effects of anodal tDCS in IC and 
observed a decrease in dyspnea and fatigue and faster 
recovery after exercise in athletes in their trials.

Based on these studies, we hypothesized that patients 
with HFrEF who received anodal tDCS in IC associated 
with aerobic exercise, when compared to those submit-
ted to sham-tDCS associated with aerobic exercise, 
will have better physical and functional performance, 
decreasing perceived exertion, altering the quantifica-
tion of inflammatory cytokines, and improving the sub-
clinical values of the cardiopulmonary test (V ̇E/V ̇CO2 
slope and OUES), thus innovating in terms of thera-
peutic possibilities for so many patients with the same 
pathological condition in Brazil and worldwide (Fig. 1). 
The primary objective of the present study is to evalu-
ate the effects of anodal tDCS associated with aerobic 
exercise on the functional capacity of patients with 
HFrEF. Secondary objectives are to compare the effects 
of tDCS associated with aerobic exercise vs. sham-
tDCS associated with aerobic exercise on (1) cardiopul-
monary exercise capacity, (2) inflammatory cytokines, 
and (3) quality of life.

https://ensaiosclinicos.gov.br/pesquisador
https://ensaiosclinicos.gov.br/pesquisador
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Methods
Study design
The ELETRIC study is designed to investigate the 
effects of noninvasive brain stimulation in patients with 
HF (Eletroestimulação em Insuficiência Cardíaca, in 
Portuguese).

A clinical, randomized parallel-design 1:1 ratio allo-
cation, controlled, blinded assessors, participants and 
therapists, and intention-to-treat analysis will be carried 
out by the Federal University of Amazonas (Universidade 
Federal do Amazonas) at the University Hospital Getúlio 
Vargas, in the city of Manaus, North Brazil (Fig. 2). The 

Fig. 1  Illustration of the benefits of the intervention

Fig. 2  Proposed trial design
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study was approved by the ethics committee (CAAE 
64652122.0.0000.5020) and registered by ReBEC (Brazil-
ian Registry of Clinical Trials), registry RBR-10w787j6. 
The study protocol adheres to the SPIRIT 2013 
recommendations.

Eligibility criteria
The volunteers will be included in the study if they meet 
the following:

•	 Adult men or women
•	 Age equal to or older than 18 years old
•	 Clinically stable HF (ischemic or nonischemic) for at 

least 3 months before randomization
•	 Left ventricular ejection fraction of less than 40% 

evaluated by echocardiogram
•	 Functional class II or III by New York Heart Associa-

tion
•	 Optimized pharmacological treatment

The volunteers  will be excluded if they present the 
following:

•	 Stable and unstable angina
•	 Severe cardiac arrhythmias
•	 Advanced atrioventricular block (second and third 

degree)
•	 Symptomatic coronary artery disease
•	 Pacemaker or implantable ventricular defibrillators
•	 Decompensated HF less than 3 months
•	 Metabolic syndromes linked to the thyroid or liver
•	 Body mass index (BMI) less than 18.5 and greater 

than 34
•	 Acute myocardial infarction and/or cardiac surgery 

for less than 6 months
•	 Uncontrolled diabetes, high blood pressure, and dys-

lipidemia
•	 Diagnosed lung disease, such as exercise-induced 

asthma and pulmonary fibrosis
•	 Orthopedic or musculoskeletal disorders that limit 

physical exercise (such as osteoarthritis in the lower 
limb and/or spine)

•	 Neurological and/or cranial alterations that prevent 
the application of tDCS

•	 Diagnosed seizures
•	 Regular practice of physical exercise in the last 12 

months
•	 Pregnant
•	 Smokers
•	 Alcoholics
•	 Impaired cognitive status that compromises the 

understanding of the steps and completion of the 
study protocol, screened by the Mini-Mental State 

Examination (MMSE). The cutoff scores are 26 for 
people with high levels of education, 18 for people 
with elementary and middle levels, and 13 for illiter-
ate people.

Initial assessment
One of the researchers (VCCS), in a reserved room at the 
University Hospital Getúlio Vargas, will explain the study 
and deliver the informed consent form with time for the 
patient to think and respond about his/her participation.

Additionally, the consent form will inquire whether 
participants consent to the utilization of their data in the 
event of their withdrawal from the trial. Participants will 
also be requested to grant permission for the research 
team to share pertinent data with individuals affiliated 
with the participating universities or regulatory authori-
ties, as applicable. It is important to note that this trial 
does not involve the collection or storage of biological 
specimens.

Volunteers will undergo an initial assessment, which 
will collect information regarding the current illness, 
past illness, comorbidities, drugs in use along with dos-
age, systolic (SBP, mmHg) and diastolic (DBP, mmHg) 
blood pressure, heart rate (HR, bpm), respiratory rate 
(RH, rpm), body composition (weight, height, and BMI), 
peripheral oxygen saturation, and perception of exertion 
by Borg CR-10.

Cardiac function will be assessed by two-dimensional 
transthoracic echocardiography supplemented with 
M-mode, pulsed, tissue, and color Doppler, according 
to the recommendations of the American Society of 
Echocardiography (American Society of Echocardiog-
raphy, 2005). Measurements of the cardiac cavities and 
evaluation of ventricular systolic and diastolic functions 
will be performed. The cavities measured will be left 
ventricular diastolic diameter (LVDD), right ventricu-
lar diastolic diameter (RVDD), and left atrial volume 
indexed by body surface (LAEi). Ventricular systolic 
function will be assessed by capturing left ventricular 
ejection by Simpson’s method (LVEF), by the systolic 
velocity of the lateral mitral annulus (lateral S′), and 
by the systolic velocity of the tricuspid annulus (tricus-
pid S′). The left ventricular diastolic function will be 
evaluated by the relationship between the E wave of the 
mitral flow and the E wave of the mitral annulus on tis-
sue Doppler (E/E′ ratio) and by the diastolic velocity of 
the lateral mitral annulus (lateral E′).

All participants will be submitted to the Mini Mental 
State Examination (MMSE), an instrument developed 
by Folstein, Folstein, McHugh (1975), consisting of two 
parts, one covering orientation, memory, and attention 
(whose maximum score is 21 points) and the other about 
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specific skills, such as naming and understanding (whose 
maximum score is 9 points), totaling a score of 30 points; 
higher values indicate greater cognitive performance. The 
score can be influenced by the individual’s education, fol-
lowing the proposal by Brucki et al. [5]: 20 points for illit-
erates, 25 points for people with 1 to 4 years of schooling, 
26.5 for 5 to 8 years, 28 for those aged 9 to 11 years, and 
29 for those aged over 11 years. Those with lower scores 
in their education category will be excluded from the 
study.

Primary outcome measurements
The primary outcome is functional performance.

Six‑minute walk test (6MWT)
The 6MWT will be used to assess the functional capac-
ity of the participants [7]. The 6MWT will be held in a 
flat corridor 30 m long. The subjects will be oriented and 
encouraged to walk as far as possible in a stretch marked 
with colored tapes on the ground, for a period of 6 min 
with standardized phrases. It will be emphasized that if 
there is a need to interrupt the route, you must do so. The 
test will be performed twice, with an interval of 30 min 
between them, according to the recommendations of the 
ATS (ATS Committee on Proficiency Standards for Clini-
cal Pulmonary Function Laboratories, [1]). After that, 
the test with the best performance (distance covered in 
meters) will be selected for analysis. In each test, the sub-
ject will remain for 5 min at rest sitting, then the same 
time at rest in the orthostatic position, and in sequence, 
will start the exercise. Performance recording will be per-
formed at the peak of the exercise, as well as the presence 
and duration of pauses during walking and desaturation 
>4%, if any. A recovery time of 6 min after the exercise 
will be considered. HR (Polar H10, Polar, Kemple, Fin-
land), BP (BIC sphygmomanometer, Itupeva, São Paulo) 
by the auscultatory method (Littman Classic II stetho-
scope, USA), SpO2 by digital oximeter (Nonin, model 
2500, Minneapolis, MN), and the modified scale of per-
ceived exertion Borg CR-10 will be used and their values 
recorded in the moments of rest sitting pretest, exercise 
peak, and first, third, and sixth minutes of recovery.

Secondary outcome measurements
Secondary outcomes are cardiopulmonary exercise 
capacity (CPX), inflammatory cytokines, and quality of 
life.

Cardiopulmonary exercise test
Physical capacity will be assessed by CPX on a 
CG-04 ergometric bicycle (Inbramed, Porto Alegre, 
Brazil) with data directed to the breath-to-breath 

ergospirometer (PNOE, ENDO Medical, CA, USA) 
with a ramp protocol of 5–10 watts per minute. The 
volunteer must use a mask and mouthpiece system in 
which there is a bidirectional digital volume transducer, 
that is very light and precise, and capable of measuring 
lung volumes. The subjects will be familiarized with the 
exercise bike and with the Borg CR10 scale. Volunteers 
will be encouraged to perform the test until exhaustion. 
The test will be carried out together with a cardiologist 
medical professional, so that it is possible to detect any 
cardiac arrhythmias as well as assistance in the event 
of any intercurrences and a trained physiotherapist. 
The protocol will consist of the following phases: (I) 
rest period of 5 min sitting on the bicycle, (II) warm-
up with free load for 3 min, (III) incremental phase in 
the ramp protocol with a cadence of 60 rotations per 
minute, (IV) 1-min active recovery with free load, and 
(V) passive recovery of 5 min standing on the bicycle. A 
12-lead electrocardiogram (ECG) will be continuously 
monitored during the test, and blood pressure will also 
be recorded before the test, every 3 min during exercise 
and in the recovery period. The Borg CR-10 dyspnea 
scale will also be used to assess muscle fatigue in the 
lower limbs and shortness of breath during the test. The 
test will be interrupted if the patient presents physical 
exhaustion and/or presents one or more of the follow-
ing criteria: (I) maximum/leg fatigue or dyspnea; (II) 
angina or electrocardiographic evidence of ischemia 
or malignant arrhythmia (ventricular tachyarrhythmia, 
bigeminy, and [atrioventricular and branch] blocks); 
(III) pressure changes with an increase greater than 220 
mmHg in systole and above 100 mmHg in diastole; (IV) 
SpO2 drops to values ≤ 88%; and (V) patient request 
interruption of the test. Subjects will be encouraged 
to reach the maximum capacity limited by symptoms, 
characterized by a V ̇CO2/V ̇O2 ratio (RER) ≥ 1.1. The 
metabolic variables will be measured by the PNOE 
ergospirometer (ENDO Medical, CA, USA), and the 
gas analysis for the primary outcome will measure the 
absolute peak V ̇O2 (mL/min), the corrected peak V ̇O2 
(mL/kg/min) and production of carbon dioxide (V ̇CO2, 
mL/min). The variables slope of minute ventilation by 
CO2 exhalation (V ̇E/V ̇CO2 slope) and O2 consumption 
efficiency (OUES) will be evaluated during the cardio-
pulmonary test and before and after aerobic training. 
For variable calculations, the V ̇E/V ̇CO2 slope will be 
obtained by linear regression analysis of the relation-
ship between V ̇E and V ̇CO2. Additionally, the relation-
ship between V ̇O2 and V ̇E, expressed by the efficiency 
of oxygen consumption (OUES), will be determined 
by the logarithmic curve using the following equation: 
V ̇O2 =a*log V ̇E + b, where the constant “a” represents 
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the rate of increase of V ̇O2 in response to V ̇E incre-
ment (Myers et al., [22]).

Inflammatory profile analysis
The inflammatory profile evaluation, including IL-1β, 
IL-6, IL-12p70, and TNF, which have a pro-inflammatory 
profile, and IL-10, which has an anti-inflammatory pro-
file, was quantified using cytometric bead arrays (BD™ 
Human Inflammatory Cytokine kit (BD Biosciences, 
San Diego, CA, USA), according to the manufacturer’s 
instructions. Samples were acquired in a FACSCanto II 
(BD Biosciences, San Jose, CA, USA), and FCAP-Array 
software v3 (BD Biosciences, San Jose, CA, USA) was 
used for data analysis. Data were reported in picograms 
per milliliter (pg/mL) concentrations, according to the 
standard curves provided in the kits.

The pre- and post-assessment will be performed at the 
same hour, in a room with a controlled temperature (18 
to 22 °C).

Quality of Life Questionnaire
The Minnesota Living with Heart Failure Question-
naire (MLHFQ) is an important tool to assess the limi-
tations that are often associated with how much heart 
failure prevents patients from living as they would like. 
It is presented as the most-used instrument internation-
ally and has great reliability, it was developed specifically 
for heart failure and consists of 21 questions [9]. The 
response scale for each question ranges from 0 (no) to 5 
(too much), where 0 represents no limitations and 5 rep-
resents maximum limitations. These questions involve a 
physical dimension (from 1 to 7, 12, and 13) that is highly 
interrelated with dyspnea and fatigue, an emotional 

dimension (from 17 to 21) and a general dimension, 
related to financial considerations, medication side 
effects, and lifestyle (numbered 8, 9, 10, 11, 14, 15 and 16) 
which, added to the previous dimensions, form the total 
score. The last month should be considered to answer the 
questions.

Intervention
Clinical assessments will be performed at baseline (T0) 
and at the end of 4 weeks (T1), consisting of a symptom-
limited cardiopulmonary test, 6MWT, quality of life 
assessment, and laboratory tests (Table 1).

The experimental group will be submitted to anodal 
tDCS over the left temporal region corresponding to the 
T3 area according to the International 10/20 Electroen-
cephalogram system, and the cathode will be positioned 
over the right supraorbital area to modulate the insular 
cortex during continuous aerobic exercise with a con-
stant current intensity of 2 mA for 20 min in each ses-
sion. The control group will undergo sham tDCS during 
continuous aerobic exercise, with electrodes positioned 
in identical regions to the experimental group. To ensure 
blinding, an envelope will be made available with a 
numerical sequence to be used in the device for apply-
ing tDCS, whose study mode allows active stimulation 
during the 20 min of intervention (experimental group) 
or active stimulation only for a few seconds and cessa-
tion of stimulation (control group). Thus, participants, 
evaluators, and applicators of the research protocols will 
be blinded. Although no current is applied, sham stimu-
lation mimics sensations from active tDCS, corroborat-
ing the blinding of the study. They all will perform three 
times/week, for a total of 12 sessions in 4 weeks.

Table 1  Schedule of enrollment, interventions, and assessments

−T1, baseline assessment before randomization; T0, allocation; T1, period of interventions; Tx, analysis of interventions
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Each aerobic exercise session will consist of three 
phases: warm-up, continuous aerobic exercise, and cool-
down. The warm-up will be performed on an ergomet-
ric bicycle for 5 min with free load. Continuous aerobic 
exercise will be performed on an ergometric bicycle, as 
follows: during the first week, exercises will be performed 
for 15 min, workload will be selected by Borg 3–4 and/or 
an anaerobic threshold; for the next 3 weeks, the work-
load will be selected by Borg 3–4 and/or 60–70% peak 
HR in cardiopulmonary exercise test (HR will be used for 
training safety), for 25–30 minutes, maintaining rotation 
of 60 rpm every week. Cooling down will also be per-
formed on the ergometric bicycle for 10 min with a free 
load (Table 2).

In all sessions, the following will be monitored: heart 
rate by heart rate monitor (Polar H10, Polar, Kempele, 
Finland), partial oxygen saturation (SpO2) by pulse oxi-
meter, and perceived exertion, measured by the Borg 
scale CR-10 every minute, which will be a criterion for 
increasing the load in training, as well as for interruption.

There are no restrictions regarding concurrent care 
during the trial. Furthermore, it is emphasized that 
patients will receive concurrent clinical treatment along-
side physical training, and any changes in dosage or med-
ication alteration will be recorded.

Criteria for discontinuation
The criteria for discontinuation are worsening of symp-
toms, clinical instability, and emergence of serious infec-
tious or viral diseases that are difficult to control.

Sample size
For the sample size estimation, the following main out-
come was the distance covered in the 6MWT. As there 
are no studies that have previously evaluated these out-
comes, we used Du et al. [7] as the parameter of the mini-
mal clinically important difference (MCID) value of 6 
WMT in HF patients. The increase of 30 m was described 
as the mean value among studies. To calculate the effect 
size in the present study, we accepted 30 m of physical 

capacity improvement as the MCID to the control group 
(sham-tDCS during aerobic exercise) and, empirically, 
we chose 45 m of physical capacity improvement as the 
MCID to the experimental group (anodal tDCS during 
aerobic exercise). The effect size calculation was 0.41 
Cohen’s F value. Therefore, we used the following param-
eters as sample size calculations for the ANOVA two-
way test between factors: effect size of 0.41 by Cohen’s 
F, α = 5%, β = 80%, 2 groups and 2 measurements, and 
correction between measurements of 0.5. A total of 38 
volunteers were reached,however, with the possibility 
of sample loss of 20%, a sample of 44 participants was 
estimated, 22 for the experimental group and 22 for the 
control group. For the calculation, the statistical program 
G*Power 3.1 (University of Dusseldorf, Dusseldorf, Ger-
many) was used.

Recruitment
We will use the expanded form of recruitment, by free 
demand, through dissemination in the media (ads on 
social networks, radio, and television), from which we 
will be able to have user representatives from different 
health units. We will visit medical units that are refer-
ences to treatment for heart failure in the city of Manaus, 
Amazonas, and will deliver flyers with information 
about the project, and telephone numbers to contact the 
researchers. Once the eligibility criteria are met, they will 
be able to participate in the study.

Strategies for trial retention
At the beginning of the training, all participants will be 
instructed on the importance of exercises for their health 
as a medical education strategy, as well as to encourage 
adherence to the program. The day before each session, 
every participant will receive a reminder message via cell 
phone confirming the date and time. Absences can be 
circumvented by rearranging the schedules within the 
same week.

Table 2  Frequency, intensity, time, and type (FITT) of aerobic training

HR Heart rate, CPX Cardiopulmonary exercise test

Phase Frequency Intensity Time Type

Warm-up 3 days/week Free load 5 min Ergometer bicycle

Week 1: Borg 3–4 and/or anaerobic 
threshold

15 min Ergometer bicycle

Continuous aerobic exercise 3 days/week

Weeks 2–4: Borg 3–4 and/
or 60–70% peak HR in CPX

25–30 min Ergometer bicycle

Cool-down 3 days/week Free load 10 min Ergometer bicycle
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Randomization
The randomization list will be generated electronically 
by group statisticians, with a random number of blocks 
consisting of 4 to 6 participants per block. The randomi-
zation list will be generated in the statistical software R 
version 3.6.3 (Project R for statistical computing), using 
the blockrand package. The randomization process will 
be carried out by an external researcher not involved in 
the study, who will generate the randomization list on 
the computer. The same investigator will be responsible 
for maintaining and protecting allocation confidential-
ity and, in addition, will keep a copy of the list in a place 
inaccessible to participants and research staff. Partici-
pants will be allocated to intervention groups through 
codes generated by the software. To avoid possible errors 
and misguidance, random numbers will be documented 
with “I” for intervention and “C” for control. This process 
will be recorded to ensure that the envelopes are sealed 
with the respective names of the participants. All enve-
lopes will be coated with aluminum foil to prevent possi-
ble reads through transparency. The allocation sequence 
will be blinded to researchers, investigators, and study 
participants. The allocation of participants to the inter-
vention groups will only be revealed after the individual 
signs the informed consent, thus ensuring that the status 
of the group is not known during the study. In case of risk 
to the patient, the masking will be undone.

Statistical analysis
Exploratory analyses will be carried out allowing a survey 
of the frequency distribution and calculation of means 
and standard deviations. The 95% confidence intervals 
will be considered, and effect sizes will be calculated for 
primary and secondary outcomes. Statistical significance 
will be stipulated with p<0.05. The Shapiro-Wilk test will 
be applied to analyze the normality of the sample distri-
bution; unpaired t-test will be used for numeric varia-
bles, comparing means between two groups; and Fisher’s 
exact test will be used for categorical variables. Two-way 
ANOVA for between factors accompanied by post hoc 
Bonferroni analysis will be used to measure and predict 
the degree of relationship between inter- and intragroup 
variables. Pearson correlation will be performed to test 
the association between two continuous variables, and 
multiple linear regression will be used to quantify the 
relationship between predictor variables and the out-
come variable. For data analysis, the statistical programs 
Jamovi (Jamovi Project, Sydney, Australia) and GraphPad 
Prism 7.0 (GraphPad, CA, USA) will be used. We will not 
perform sub-analysis, mainly because the primary stage 
is well defined in relation to the central question. Fur-
thermore, it may be necessary to perform adjusted cal-
culations for some variables, such as age, weight, BMI, 

EF%, and β-blocker drug dose. For this purpose, the utili-
zation of these variables as covariates will be used in the 
ANOVA two-way analysis described above.

Participants who discontinue or deviate from interven-
tion protocols will have their data on 6MWT and inflam-
matory cytokines collected.

Data monitoring
Details of clinical site monitoring are documented in 
a Research Ethics Committee-approved clinical moni-
toring plan, which describes in detail who will perform 
monitoring, how often, and the distribution of monitor-
ing reports.

An interim analysis and stopping committee were 
established at the request of the research ethics commit-
tee. This committee will meet regularly (every 3 months) 
to review the data and assess the study’s continuation. 
Nonetheless, any unforeseen adverse events that tran-
spire during the intervention period will be promptly 
reported to a highly skilled physiotherapist who is not 
directly engaged in the trial’s execution. This physiother-
apist will be accessible to make the ultimate decision to 
halt the trials in the event of unexpected harm.

All events must be managed and reported in compli-
ance with all applicable regulations and included in the 
final clinical trial report. All physical/clinical symptoms 
described at each visit will be recorded as an adverse 
event if they occur or worsen during the study and are 
related to the study protocol.

Access to data
If there is a need to release raw data due to any funding 
agency, scientific journal, or the ethics committee, upon 
request, the conclusive trial data for this protocol can be 
provided.

Study organization and funding
This trial will be conducted according to relevant ethical 
frameworks and has received approval from the insti-
tutional ethical review board. No funding was received. 
The results will be submitted for publication in journals 
related to the area of cardiopulmonary rehabilitation, and 
access to the final trial dataset may be obtained from the 
authors upon reasonable request.

The quality of the clinical trial team and the ongoing study 
protocol
The study will have a hierarchical relationship between 
the main study organization committee and the group 
responsible for analysis, assessments, recruitment, 
and training. In total, we will have an average of 14 
researchers involved in the study, combining all par-
ties. On Fridays, we will hold meetings to align potential 
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adjustments to improve the quality of the protocol’s pro-
gress. Patient-related issues regarding the research devel-
opment will also be addressed. We will also have periodic 
meetings of the evaluation and training groups to con-
sider improvements in the volunteer-evaluator and vol-
unteer-physiotherapist interaction to ensure the highest 
quality training and respect for study subjects. This will 
help achieve the best possible performance for an ethical, 
high-quality, replicable study with internal validation.

Discussion
HF is a major health problem linked to heavy drug 
consumption resources and medical costs. Although 
the incidence has remained stable and even declined 
slightly over time, the prevalence is increasing improv-
ing HF treatment and increasing the life expectancy of 
the population. Despite HF treatment, morbidity and 
the death rate remain high [23, 29]. Exercise intolerance 
is a characteristic symptom of HF and is associated with 
increased disability and mortality. Sedentary lifestyle 
leads to decreased peak V̇O2 and poor quality of life in 
patients with heart failure [6, 26].

Although previous studies have investigated the com-
bined effect of tDCS on T3 area and physical perfor-
mance and have suggested that tDCS could have reduced 
ratings of perceived exertion by affecting the activity of 
the IC, and therefore increase exercise tolerance [20], 
Okano et  al, [24]; [12], different methodologies were 
applied, especially with regard to characteristics of the 
participants and type of exercises. The present study is 
the first to evaluate the effects of the addition of anodal 
tDCS to aerobic exercise training for improving physi-
cal and functional performance, decreasing perceived 
exertion, altering the quantification of inflammatory 
cytokines, and improving the subclinical values of the 
cardiopulmonary test in patients with HFrEF, which 
could help clinicians in their decision-making process 
about novel portable devices currently available, such as 
noninvasive brain stimulation.

This double-blind randomized controlled trial has 
some limitations. The experimental and control inter-
ventions consist of aerobic exercises performed three 
times per week over 4 weeks and, therefore, depend on 
participants’ motivation, adherence, and commitment. 
Strategies to encourage participants to comply with the 
protocol are planned as described previously.

In conclusion, the results of this trial may result in an 
important advance in cardiac rehabilitation for patients 
with chronic HF. First, an adjunct intervention may help 
improve exercise capacity in patients with HFrEF. Sec-
ond, if exercise tolerance is enhanced, the benefits may 
be accompanied by a better quality of life. Individuals 
may experience greater performance in activities of daily 

living, increased social interactions, and increased ability 
to engage in work and leisure activities, which is a desira-
ble goal for both patients and rehabilitation professionals.

Trial status
The present trial protocol corresponds to version 3.0, 
April 2023, and it is in the recruiting phase. Recruitment 
will be started in September 2023. It is expected to be 
complete in 36 months, by September 2025. Trial registra-
tion: ReBEC - RBR-10w787j6. Registered on 25 April 2023

Ethics and dissemination
The study protocol was approved by the Ethics Commit-
tee of the Federal University of Amazonas (Universidade 
Federal do Amazonas), Brazil, and followed the norms 
of the World’s Association Declaration of Helsinki. All 
patients with HF recruited in the ELETRIC study gave 
their informed consent at the time of enrollment. All 
source records, including electronic data, will be stored 
on secure systems in accordance with institutional poli-
cies and federal regulations. Names or identifications will 
not be released unless the safety oversight committee 
approves and aligns with consent or in accordance with 
laws for required reporting. The results of this study will 
be disseminated in peer-reviewed journals and academic 
conferences, including the full protocol that was submit-
ted for publication.

Acknowledgements
We want to thank the Fundação de Amparo à Pesquisa do Estado do 
Amazonas (FAPEAM), Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior (CAPES), and Postgraduate Program In Basic And Applied Immunol-
ogy (PPGIBA/UFAM).

Authors’ contributions
VCCS, ALRBL, and GPTA conceptualized the study; FZSA designed the 
analyses; JCCS and JMBBF participated in the recruitment; VCCS, GPTA, AGC, 
and JMBBF participated in the baseline measurements; VCCS, FFAV, and GPTA 
designed the interventions; VCCS, FZSA, and GPTA wrote the manuscript. All 
authors read and approved the final manuscript.

Funding
The study received funding from Fundação de Amparo à Pesquisa do Estado 
do Amazonas (POSGRAD Program #005/2022 and #002/2023) and Coorde-
nação de Aperfeiçoamento de Pessoal de Nível Superior (PDPG-CONSOLI-
DAÇÃO 3-4 Program-#88887.707248/2022-00).

Declarations

Competing interests
The authors declare no competing interests.

Author details
1 Graduate Program In Basic And Applied Immunology, Instituto de Ciências 
Biológicas, Universidade Federal do Amazonas, Avenida General Rodrigo 
Octavio Jordão Ramos, 1200 ‑ Coroado I, Manaus, Amazonas 69067‑005, Brazil. 
2 Center of Health Sciences, Discipline of Physiotherapy, Universidade Federal 
do Espírito Santo, Vitória, Espírito Santo, Brazil. 3 Graduate Program in Tropical 
Medicine, Universidade do estado do Amazonas, Manaus, Amazonas, Brazil. 
4 Graduate Program In Human Movement Sciences, Universidade Federal 
do Amazonas, Manaus, Amazonas, Brazil. 



Page 10 of 11da Silva et al. Trials          (2023) 24:738 

Received: 15 August 2023   Accepted: 2 October 2023

References
	1.	 ATS Statement American Journal of Respiratory and Critical Care Medi-

cine. Am J Respir Crit Care Med. 2002;166(1):111-7. https://​doi.​org/​10.​
1164/​ajrccm.​166.1.​at1102.

	2.	 Angius L, Pascual-Leone A, Santarnecchi E. Brain stimulation and physical 
performance. Prog Brain Res. 2018;240:317–39. https://​doi.​org/​10.​1016/​
bs.​pbr.​2018.​07.​010. (Epub 2018 Oct 3 PMID: 30390837).

	3.	 Borovac JA, D’Amario D, Bozic J, Glavas D. Sympathetic nervous system 
activation and heart failure: current state of evidence and the pathophys-
iology in the light of novel biomarkers. World J Cardiol. 2020;12(8):373–
408. https://​doi.​org/​10.​4330/​wjc.​v12.​i8.​373.​PMID:​32879​702;​PMCID:​PMC74​
39452.

	4.	 Bozkurt B, Fonarow GC, Goldberg LR, Guglin M, Josephson RA, Forman 
DE, Lin G, Lindenfeld J, O’Connor C, Panjrath G, Piña IL, Shah T, Sinha 
SS, Wolfel E, ACC’s Heart Failure and Transplant Section and Leadership 
Council. Cardiac Rehabilitation for Patients With Heart Failure: JACC 
Expert Panel. J Am Coll Cardiol. 2021;77(11):1454–69. https://​doi.​org/​10.​
1016/j.​jacc.​2021.​01.​030. PMID: 33736829.

	5.	 Brucki SM, Nitrini R, Caramelli P, Bertolucci PH, Okamoto IH. Sugestões 
para o uso do mini-exame do estado mental no Brasil [Suggestions for 
utilization of the mini-mental state examination in Brazil]. Arq Neurop-
siquiatr. 2003;61(3B):777–81. https://​doi.​org/​10.​1590/​s0004-​282x2​00300​
05000​14. Portuguese. Epub 2003 Oct 28. PMID: 14595482.

	6.	 Del Buono MG, Arena R, Borlaug BA, Carbone S, Canada JM, Kirkman DL, 
Garten R, Rodriguez-Miguelez P, Guazzi M, Lavie CJ, Abbate A. Exercise 
intolerance in patients with heart failure: JACC state-of-the-art review. J 
Am Coll Cardiol. 2019;73(17):2209–25. https://​doi.​org/​10.​1016/j.​jacc.​2019.​
01.​072. (PMID: 31047010).

	7.	 Du H, Wonggom P, Tongpeth J, Clark RA. Six-minute walk test for assess-
ing physical functional capacity in chronic heart failure. Curr Heart Fail 
Rep. 2017;14(3):158–66. https://​doi.​org/​10.​1007/​s11897-​017-​0330-3. 
(PMID: 28421409).

	8.	 Gajjela H, Kela I, Kakarala CL, Hassan M, Belavadi R, Gudigopuram SVR, 
Raguthu CC, Modi S, Sange I. Milestones in heart failure: how far we 
have come and how far we have left to go. Cureus. 2021;13(12):e20359. 
https://​doi.​org/​10.​7759/​cureus.​20359.​PMID:​35028​235;​PMCID:​PMC87​
51580.

	9.	 Garin O, Herdman M, Vilagut G, Ferrer M, Ribera A, Rajmil L, Valderas JM, 
Guillemin F, Revicki D, Alonso J. Assessing health-related quality of life 
in patients with heart failure: a systematic, standardized comparison of 
available measures. Heart Fail Rev. 2014;19(3):359–67. https://​doi.​org/​10.​
1007/​s10741-​013-​9394-7. (PMID: 23681849).

	10.	 Gielen S, Adams V, Möbius-Winkler S, Linke A, Erbs S, Yu J, Kempf W, Schu-
bert A, Schuler G, Hambrecht R. Anti-inflammatory effects of exercise 
training in the skeletal muscle of patients with chronic heart failure. J Am 
Coll Cardiol. 2003;42(5):861–8. https://​doi.​org/​10.​1016/​s0735-​1097(03)​
00848-9. (PMID: 12957433).

	11.	 Goes-Santos BR, Rondon E, Fonseca GWP, Sales ARK, Santos MR, 
Antunes-Correa LM, Ueno-Pardi LM, Oliveira P, Trevizan PF, Mello Franco 
FG, Fraga R, Alves MJNN, Rondon MUPB, Hajjar LA, Filho RK, Negrão CE. 
Physical capacity increase in patients with heart failure is associated 
with improvement in muscle sympathetic nerve activity. Int J Cardiol. 
2023;1(378):48–54. https://​doi.​org/​10.​1016/j.​ijcard.​2023.​02.​018. (Epub 
2023 Feb 13 PMID: 36791967).

	12.	 Heinz G, De Angelis K, Dal Corso S, Sousa MHG, Viana A, Dos Santos F, 
Corrêa JCF, Corrêa FI. Effects of transcranial direct current stimulation 
(tDCS) and exercises treadmill on autonomic modulation of hemiparetic 
patients due to stroke-clinic test, controlled, randomized, double-blind. 
Front Neurol. 2020;22(10):1402. https://​doi.​org/​10.​3389/​fneur.​2019.​01402.​
PMID:​32038​465;​PMCID:​PMC69​88776.

	13.	 Kitzman DW, Whellan DJ, Duncan P, Pastva AM, Mentz RJ, Reeves GR, Nel-
son MB, Chen H, Upadhya B, Reed SD, Espeland MA, Hewston L, O’Connor 
CM. Physical rehabilitation for older patients hospitalized for heart failure. 
N Engl J Med. 2021;385(3):203–16. https://​doi.​org/​10.​1056/​NEJMo​a2026​
141. (PMCID: PMC8353658).

	14.	 Koshikawa M, Harada M, Noyama S, Kiyono K, Motoike Y, Nomura Y, 
Nishimura A, Izawa H, Watanabe E, Ozaki Y. Association between inflam-
mation and skeletal muscle proteolysis, skeletal mass and strength in 
elderly heart failure patients and their prognostic implications. BMC 
Cardiovasc Disord. 2020;20(1):228. https://​doi.​org/​10.​1186/​s12872-​020-​
01514-0. (PMID: 32414332; PMCID: PMC7229573).

	15.	 Lam CSP, Solomon SD. Classification of heart failure according to ejection 
fraction: JACC review topic of the week. J Am Coll Cardiol. 2021;77(25):3217–
25. https://​doi.​org/​10.​1016/j.​jacc.​2021.​04.​070. (PMID: 34167646).

	16.	 Laoutaris ID, Piotrowicz E, Kallistratos MS, Dritsas A, Dimaki N, Miliopoulos 
D, Andriopoulou M, Manolis AJ, Volterrani M, Piepoli MF, Coats AJS, Ada-
mopoulos S, ARISTOS-HF trial (Aerobic, Resistance, InSpiratory Training 
OutcomeS in Heart Failure) Investigators. Combined aerobic/resistance/
inspiratory muscle training as the ‘optimum’ exercise programme for 
patients with chronic heart failure: ARISTOS-HF randomized clinical trial. 
Eur J Prev Cardiol. 2021;28(15):1626–35. https://​doi.​org/​10.​1093/​eurjpc/​
zwaa0​91. PMID: 33624071.

	17.	 Lavine KJ, Sierra OL. Skeletal muscle inflammation and atrophy in heart 
failure. Heart Fail Rev. 2017;22(2):179–89. https://​doi.​org/​10.​1007/​s10741-​
016-​9593-0. (PMID: 28091823; PMCID: PMC5352459).

	18.	 Lefaucheur JP, Antal A, Ayache SS, Benninger DH, Brunelin J, Cogiamanian 
F, Cotelli M, De Ridder D, Ferrucci R, Langguth B, Marangolo P, Mylius V, 
Nitsche MA, Padberg F, Palm U, Poulet E, Priori A, Rossi S, Schecklmann M, 
Vanneste S, Ziemann U, Garcia-Larrea L, Paulus W. Evidence-based guide-
lines on the therapeutic use of transcranial direct current stimulation 
(tDCS). Clin Neurophysiol. 2017;128(1):56–92. https://​doi.​org/​10.​1016/j.​
clinph.​2016.​10.​087. (Epub 2016 Oct 29 PMID: 27866120).

	19.	 Machado DGDS, Unal G, Andrade SM, Moreira A, Altimari LR, Brunoni AR, 
Perrey S, Mauger AR, Bikson M, Okano AH. Effect of transcranial direct 
current stimulation on exercise performance: a systematic review and 
meta-analysis. Brain Stimul. 2019;12(3):593–605. https://​doi.​org/​10.​1016/j.​
brs.​2018.​12.​227. (PMID: 30630690).

	20.	 Montenegro RA, Farinatti Pde T, Fontes EB, Soares PP, Cunha FA, Gurgel 
JL, Porto F, Cyrino ES, Okano AH. Transcranial direct current stimula-
tion influences the cardiac autonomic nervous control. Neurosci Lett. 
2011;497(1):32–6. https://​doi.​org/​10.​1016/j.​neulet.​2011.​04.​019. (Epub 
2011 Apr 17 PMID: 21527314).

	21.	 Morya E, Monte-Silva K, Bikson M, et al. Beyond the target area: an 
integrative view of tDCS-induced motor cortex modulation in patients 
and athletes. J NeuroEngineering Rehabil. 2019;16:141. https://​doi.​org/​10.​
1186/​s12984-​019-​0581-1.

	22.	 Myers J, Arena R, Cahalin LP, Labate V, Guazzi M. Cardiopulmonary Exercise 
Testing in Heart Failure Current Problems in Cardiology. Curr Probl Cardiol. 
2015;40(8):322-72. https://​doi.​org/​10.​1016/j.​cpcar​diol.​2015.​01.​009.

	23.	 Niklasson A, Maher J, Patil R, Sillén H, Chen J, Gwaltney C, Rydén A. Living 
with heart failure: patient experiences and implications for physical activ-
ity and daily living. ESC Heart Fail. 2022;9(2):1206–15. https://​doi.​org/​10.​
1002/​ehf2.​13795. (PMID: 35081667; PMCID: PMC8934912).

	24.	 Okano AH, Fontes EB, Montenegro RA, Farinatti Pde T, Cyrino ES, Li 
LM, Bikson M, Noakes TD. Brain stimulation modulates the autonomic 
nervous system, rating of perceived exertion and performance during 
maximal exercise. Br J Sports Med. 2015;49(18):1213–8. https://​doi.​org/​10.​
1136/​bjspo​rts-​2012-​091658. (Epub 2013 Feb 27 PMID: 23446641).

	25.	 Pandey A, Segar MW, Singh S, Reeves GR, O’Connor C, Piña I, Whellan D, 
Kraus WE, Mentz RJ, Kitzman DW. Frailty status modifies the efficacy of 
exercise training among patients with chronic heart failure and reduced 
ejection fraction: an analysis from the HF-ACTION trial. Circulation. 
2022;146(2):80–90. https://​doi.​org/​10.​1161/​CIRCU​LATIO​NAHA.​122.​
059983. (Epub 2022 May 26 PMID: 35616018).

	26.	 Patti A, Merlo L, Ambrosetti M, Sarto P. Exercise-based cardiac rehabilita-
tion programs in heart failure patients. Heart Fail Clin. 2021;17(2):263–71. 
https://​doi.​org/​10.​1016/j.​hfc.​2021.​01.​007. (Epub 2021 Feb 12 PMID: 
33673950).

	27.	 Roger VL. Epidemiology of heart failure: a contemporary perspective. Circ 
Res. 2021;128(10):1421–34. https://​doi.​org/​10.​1161/​CIRCR​ESAHA.​121.​
318172. (Epub 2021 May 13 PMID: 33983838).

	28.	 Sachdev V, Sharma K, Keteyian SJ, Alcain CF, Desvigne-Nickens P, Fleg JL, 
Florea VG, Franklin BA, Guglin M, Halle M, Leifer ES, Panjrath G, Tinsley 
EA, Wong RP, Kitzman DW, American Heart Association Heart Failure and 
Transplantation Committee of the Council on Clinical Cardiology; Council 
on Arteriosclerosis, Thrombosis and Vascular Biology; and American 

https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1016/bs.pbr.2018.07.010
https://doi.org/10.1016/bs.pbr.2018.07.010
https://doi.org/10.4330/wjc.v12.i8.373.PMID:32879702;PMCID:PMC7439452
https://doi.org/10.4330/wjc.v12.i8.373.PMID:32879702;PMCID:PMC7439452
https://doi.org/10.1016/j.jacc.2021.01.030
https://doi.org/10.1016/j.jacc.2021.01.030
https://doi.org/10.1590/s0004-282x2003000500014
https://doi.org/10.1590/s0004-282x2003000500014
https://doi.org/10.1016/j.jacc.2019.01.072
https://doi.org/10.1016/j.jacc.2019.01.072
https://doi.org/10.1007/s11897-017-0330-3
https://doi.org/10.7759/cureus.20359.PMID:35028235;PMCID:PMC8751580
https://doi.org/10.7759/cureus.20359.PMID:35028235;PMCID:PMC8751580
https://doi.org/10.1007/s10741-013-9394-7
https://doi.org/10.1007/s10741-013-9394-7
https://doi.org/10.1016/s0735-1097(03)00848-9
https://doi.org/10.1016/s0735-1097(03)00848-9
https://doi.org/10.1016/j.ijcard.2023.02.018
https://doi.org/10.3389/fneur.2019.01402.PMID:32038465;PMCID:PMC6988776
https://doi.org/10.3389/fneur.2019.01402.PMID:32038465;PMCID:PMC6988776
https://doi.org/10.1056/NEJMoa2026141
https://doi.org/10.1056/NEJMoa2026141
https://doi.org/10.1186/s12872-020-01514-0
https://doi.org/10.1186/s12872-020-01514-0
https://doi.org/10.1016/j.jacc.2021.04.070
https://doi.org/10.1093/eurjpc/zwaa091
https://doi.org/10.1093/eurjpc/zwaa091
https://doi.org/10.1007/s10741-016-9593-0
https://doi.org/10.1007/s10741-016-9593-0
https://doi.org/10.1016/j.clinph.2016.10.087
https://doi.org/10.1016/j.clinph.2016.10.087
https://doi.org/10.1016/j.brs.2018.12.227
https://doi.org/10.1016/j.brs.2018.12.227
https://doi.org/10.1016/j.neulet.2011.04.019
https://doi.org/10.1186/s12984-019-0581-1
https://doi.org/10.1186/s12984-019-0581-1
https://doi.org/10.1016/j.cpcardiol.2015.01.009
https://doi.org/10.1002/ehf2.13795
https://doi.org/10.1002/ehf2.13795
https://doi.org/10.1136/bjsports-2012-091658
https://doi.org/10.1136/bjsports-2012-091658
https://doi.org/10.1161/CIRCULATIONAHA.122.059983
https://doi.org/10.1161/CIRCULATIONAHA.122.059983
https://doi.org/10.1016/j.hfc.2021.01.007
https://doi.org/10.1161/CIRCRESAHA.121.318172
https://doi.org/10.1161/CIRCRESAHA.121.318172


Page 11 of 11da Silva et al. Trials          (2023) 24:738 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

College of Cardiology. Supervised Exercise Training for Chronic Heart 
Failure With Preserved Ejection Fraction: A Scientific Statement From the 
American Heart Association and American College of Cardiology. Circula-
tion. 2023;147(16):e699–715. https://​doi.​org/​10.​1161/​CIR.​00000​00000​
001122. Epub 2023 Mar 21 PMID: 36943925.

	29.	 Savarese G, Becher PM, Lund LH, Seferovic P, Rosano GMC, Coats AJS. 
Global burden of heart failure: a comprehensive and updated review of 
epidemiology. Cardiovasc Res. 2023;118(17):3272–87. https://​doi.​org/​
10.​1093/​cvr/​cvac0​13. (Erratum in: Cardiovasc Res. 2023 Feb 09: PMID: 
35150240).

	30.	 Seidel-Marzi O, Ragert P. Anodal transcranial direct current stimulation 
reduces motor slowing in athletes and non-athletes. BMC Neurosci. 
2020;21(1):26. https://​doi.​org/​10.​1186/​s12868-​020-​00573-5. (PMID: 
32487077; PMCID: PMC7268396).

	31.	 Steinberg F, Pixa NH, Fregni F. A review of acute aerobic exercise and 
transcranial direct current stimulation effects on cognitive functions and 
their potential synergies. Front Hum Neurosci. 2019;12:534. https://​doi.​
org/​10.​3389/​fnhum.​2018.​00534.

	32.	 Taylor JL, Myers J, Bonikowske AR. Practical guidelines for exercise 
prescription in patients with chronic heart failure. Heart Fail Rev. 2023. 
https://​doi.​org/​10.​1007/​s10741-​023-​10310-9. (PMID: 37071253).

	33.	 Taylor RS, Walker S, Smart NA, Piepoli MF, Warren FC, Ciani O, Whellan 
D, O’Connor C, Keteyian SJ, Coats A, Davos CH, Dalal HM, Dracup K, 
Evangelista LS, Jolly K, Myers J, Nilsson BB, Passino C, Witham MD, Yeh GY, 
xTraMATCH II Collaboration. Impact of exercise rehabilitation on exercise 
capacity and quality-of-life in heart failure: individual participant meta-
analysis. J Am Coll Cardiol. 2019;73(12):1430–43. https://​doi.​org/​10.​1016/j.​
jacc.​2018.​12.​072. PMID: 30922474; PMCID: PMC8351793.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1161/CIR.0000000000001122
https://doi.org/10.1161/CIR.0000000000001122
https://doi.org/10.1093/cvr/cvac013
https://doi.org/10.1093/cvr/cvac013
https://doi.org/10.1186/s12868-020-00573-5
https://doi.org/10.3389/fnhum.2018.00534
https://doi.org/10.3389/fnhum.2018.00534
https://doi.org/10.1007/s10741-023-10310-9
https://doi.org/10.1016/j.jacc.2018.12.072
https://doi.org/10.1016/j.jacc.2018.12.072

	Anodal transcranial direct current stimulation associated with aerobic exercise on the functional and physical capacity of patients with heart failure with reduced ejection fraction: ELETRIC study protocol
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methods
	Study design
	Eligibility criteria
	Initial assessment
	Primary outcome measurements
	Six-minute walk test (6MWT)

	Secondary outcome measurements
	Cardiopulmonary exercise test
	Inflammatory profile analysis
	Quality of Life Questionnaire

	Intervention
	Criteria for discontinuation
	Sample size
	Recruitment
	Strategies for trial retention
	Randomization
	Statistical analysis
	Data monitoring
	Access to data
	Study organization and funding
	The quality of the clinical trial team and the ongoing study protocol

	Discussion
	Trial status
	Ethics and dissemination
	Acknowledgements
	References


