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Introdução: Pacientes com doença renal em 
estágio terminal (DRET) geralmente enfrentam 
uma rotina desafiadora de hemodiálise, restrições 
alimentares e diversos medicamentos, podendo 
afetar sua função hemodinâmica. Abordagens 
domiciliares, seguras e não farmacológicas, 
como a estimulação transcraniana por corrente 
contínua (ETCC), devem ser combinadas com 
tratamento convencional. Objetivo: Avaliar 
segurança e viabilidade da ETCC na pressão 
arterial e frequência cardíaca em pacientes com 
DRET em hemodiálise. Método: Estudo paralelo, 
randomizado, controlado por placebo. Foram 
incluídos pacientes em hemodiálise por mais de 
três meses. Os pacientes receberam dez sessões 
não consecutivas de ETCC de 2mA no córtex 
motor primário. Cada sessão durou 20 minutos. 
No início do estudo e após cada uma das dez 
sessões, a pressão arterial e frequência cardíaca 
dos pacientes foram medidas a cada hora durante 
quatro horas. Resultados: Trinta pacientes foram 
randomizados para grupo ativo ou sham. A 
diferença média entre grupos foi calculada como 
valor médio do grupo sham menos valor médio 
do grupo ativo. Apesar de não haver alterações 
estatísticas para todos os desfechos considerando 
as 10 sessões, encontramos diferenças entre os 
grupos para pressão arterial sistólica –10,93 
(–29,1;7,2), diastólica –3,63 (–12,4;5,1) e média 
–6,0 (–16,3; 4,2) e frequência cardíaca 2,26 
(–2,5;7,1). Não encontramos eventos adversos 
graves. O grupo ativo apresentou valores 
maiores de pressão arterial em todos os pontos, 
enquanto a frequência cardíaca foi menor 
no grupo ativo. Conclusão: ETCC é segura e 
viável para pacientes com DRET submetidos à 
hemodiálise. Estudos futuros devem investigar se 
a ETCC pode potencialmente induzir um efeito 
hipotensor protetor durante a hemodiálise.

Resumo

Introduction: Patients with end-stage renal 
disease often face a challenging routine 
of hemodialysis, dietary restrictions, and 
multiple medications, which can affect their 
hemodynamic function. Home-based, safe, 
and nonpharmacological approaches such 
as transcranial direct current stimulation 
(tDCS) should be combined with conventional 
treatment. Objective: To assess the safety and 
feasibility of tDCS on blood pressure and heart 
rate in patients with end-stage renal disease 
undergoing hemodialysis. Method: This is a 
parallel, randomized, sham-controlled trial. 
Patients undergoing hemodialysis for more 
than three months were included. The patients 
received ten non-consecutive 2mA tDCS 
sessions on the primary motor cortex . Each 
session lasted 20 minutes. At baseline and 
after each of the ten sessions, blood pressure 
and heart rate of the patients were measured 
hourly for four hours. Results: Thirty patients 
were randomized to the active or sham group. 
The mean difference between the groups was 
calculated as the mean value of the sham group 
minus the mean value of the active group. 
Despite there were no statistical changes for all 
outcomes considering all 10 sessions, we found 
differences between groups for systolic –10.93 
(–29.1;7.2), diastolic –3.63 (–12.4; 5.1), and 
mean blood pressure –6.0 (–16.3; 4.2) and hear 
rate 2.26 (–2.5; 7.1). No serious adverse events 
were found. The active group showed higher 
blood pressure values at all points, while heart 
rate was lower in the active group. Conclusion: 
tDCS is safe and feasible for patients with end-
stage renal disease undergoing hemodialysis. 
Future studies should investigate whether 
tDCS could potentially induce a hypotensive 
protective effect during hemodialysis.
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IntRoductIon

End-stage renal disease is a consequence of chronic 
kidney disease, which is a global problem due to 
the increasing number of affected individuals and 
the high cost of treatment1. Research estimates that 
chronic kidney disease affects more than 10% of the 
world’s population. The incidence of the most severe 
stages, in which hemodialysis is necessary, is growing 
annually at a rate of 6–7%1. In the severe stage, the 
patients are exposed to a weekly routine of multiple 
visits to specialized clinics, medications, and activity 
limitations. Thus, patients with end-stage renal 
disease experience chronic pain, significant functional 
limitations, changes in mental health, and a decrease 
in overall quality of life2.

One of the most common symptoms presented by 
patients undergoing hemodialysis is hemodynamic 
oscillations, which are often neglected by the healthcare 
team3. In addition to hemodynamic changes, pain, 
depression, anxiety, restless leg syndrome, and reduced 
sleep quality are associated symptoms4,5. In this sense, 
pharmacological and non-pharmacological treatments 
prevent and reduce physical and behavioral symptoms 
of patients with end-stage renal disease undergoing 
hemodialysis4,5. However, collateral effects related to 
medication and dialysis could increase the incidence 
of comorbidities and death6,7.

Recently, Quintiliano et al.8 presented a new 
therapeutic proposal for patients with end-stage 
renal disease undergoing hemodialysis, aiming to 
improve pain, mood, and overall physical function. 
The authors suggested that 10 sessions of 2 mA 
anodal transcranial direct current stimulation (tDCS) 
over the primary motor cortex (C3/Fp2 montage) 
improve pain, depression, anxiety, and quality of 
life of patients undergoing hemodialysis8. tDCS is a 
noninvasive technique for modulating brain areas 
related to pain and mood9,10. Through a microcurrent 
flow, a change in the neuronal depolarization capacity 
and temporary plasticity of neural circuits occurs. 
Depending on the set-up and intensity, physical and 
behavioral effects are achieved10.

It is important to mention that most studies 
focused on the hemodynamic response after tDCS in 
healthy individuals11,12. Also, studies did not report 
the hemodynamic safety of tDCS during clinical 
procedures, including hemodialysis. Throughout the 
hemodialysis procedure, hemodynamic parameters 
can present significant clinical variations and generate 

adverse effects. Hemodynamic instability during 
hemodialysis can occur in some patients and is a 
recognized potential complication of the procedure13. 
Hemodynamic complications are associated with 
different factors, including changes in fluid and 
electrolyte balance, alterations in cardiac function, 
and hypotension13.

tDCS emerges as a potential low-cost tool to 
help patients with end-stage renal disease. It is 
imperative that tDCS does not interfere negatively 
with hemodynamic parameters during or after 
hemodialysis sessions. Besides, tDCS could generate 
protective effects by preventing hypotension, which is 
frequently reported by patients during hemodialysis. 
Therefore, we hypothesize that the application of 
C3/Fp2 tDCS in end-stage renal disease patients 
during hemodialysis is safe and feasible, and might 
prevent hypotensive dysfunctions. Considering these 
assumptions, the study aims to assess the safety and 
feasibility of tDCS in patients with end-stage renal 
disease undergoing hemodialysis and the impact on 
blood pressure and heart rate.

methods

Study deSign

This was a single-center, parallel, randomized, 
sham-controlled trial, designed in accordance with 
the Consolidated Standards of Reporting Trials 
statement14, the Declaration of Helsinki, and  
resolution No. 466/12 of the National Health  
Council. This study was previously approved by  
the local Ethics Committee (Faculty of Health 
Science of Trairí) (number 2715151) and 
retrospectively registered on the Brazilian Clinical 
Trials Registry (RBR-46vhrkj). The study was 
conducted at the Kidney Institute, Natal, Brazil 
between August 2018 and February 2020. The 
researchers explained the study’s objective and 
protocol to all participants who needed to sign the 
written informed consent to participate.

eligibility Criteria

Patients were included in the study according to the 
following criteria: men or women aged between 18 to 
75 years undergoing hemodialysis (four-hour session) 
for more than three months and presenting chronic 
musculoskeletal pain, headache, or neuropathic 
pain (scoring >4 on the visual analog scale for 
more than three months). Patients were excluded 
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if they had electrical implants in the body, clinical 
contraindications to receive tDCS, such as having 
metal embedded in their scalp or brain, a history of 
epilepsy or convulsion pregnant women, signs of severe 
disease or indication of hospitalization including 
previous hemodynamic instability, acute myocardial 
infarction, infection, stroke, and psychiatric illness.

intervention

An experienced and trained nurse applied a total 
of ten nonconsecutive sessions three times a week 
(Monday, Wednesday, and Friday or Tuesday, 
Thursday, and Saturday) to each participant. The 
patients started the hemodialysis and monitoring in a 
comfortable chair with back and arm support. At the 
beginning of hemodialysis, the tDCS was assembled 
and turned on.

Initially, the electrodes were placed into a  
35 cm2 sponge hydrated with saline solution (154 mM  
NaCl, approximately 12 mL per sponge). Then, 
the anode electrode was positioned and attached 
by elastic bands over the region of the left primary 
motor cortex (C3) and the cathode electrode on the 
right supraorbital region (Fp2), according to the 
international 10−20 electroencephalography system 
“M1-SO” assembly. In the active group, the direct 
current began at an intensity of 2 mA started with 
a 30-second gradual current ramp-up. After 20 
minutes, a 30-second gradual current ramp-down 
finished the session. The same protocol was used for 
the Sham group, but the ramp-up and the ramp-down 
of the current occurred for only 30 seconds8. The 
current was delivered through electrodes by a battery-
powered stimulator, and the current was verified 

with a precision digital multimeter (DT832, WeiHua 
Electronic Co.,Ltd, China) with a standard error of 
1.5% . The appearance of the device was identical in 
the active and sham settings. For ethical issues, there 
were no changes in hemodialysis routine (days, time, 
and place of sessions), medications, laboratory, and 
image exams.

outCome meaSure

Clinical and sociodemographic information was 
assessed and included age, sex, body mass index, 
smoking, marital status, chronic kidney disease 
etiology, hemodialysis time, and comorbidities.  
A blinded experienced nephrologist performed all 
evaluative procedures. Systolic blood pressure, 
diastolic blood pressure, mean blood pressure, and 
heart rate were assessed before and during all ten 
sessions of tDCS at five time points: at baseline, 
one hour before the first tDCS session, and at the 
beginning of each four-hour hemodialysis session 
(Figure 1). The oscillometer method (Hem-7200, 
Omron, USA) was used to measure blood pressure 
and heart rate according to the European Society of 
Hypertension practice guidelines for office and out-
of-office blood pressure measurement15.

randomization and blinding

A computer randomized the patients in a 1:1 ratio 
(sham tDCS group or active tDCS group), according 
to their entry into the study. A researcher assistant 
not involved in the study generated the allocation 
sequence. The patients and the researcher involved 
in the assessments were therefore unaware of the 
patients’ allocation throughout the trial.

Figure 1. Details of hourly study evaluation and intervention process.
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adverSe event monitoring and adherenCe

Adverse events were monitored through patient 
reporting during and after each tDCS session. 
Additionally, a nephrologist was present during the 
sessions to manage any adverse effects that might 
arise. During the hemodialysis procedure, various 
critical variables were monitored to ensure patient 
safety and optimize treatment outcomes. These 
variables included blood pressure, fluid balance, 
electrolyte levels, blood flow rate, dialysate flow 
rate and composition, temperature, and monitoring 
of patients’ subjective sensations and tolerance to 
tDCS. To improve participant adherence to the tDCS 
treatment protocol, the researchers offered an in-
depth explanation of the potential benefits, which 
included the possibility of pain relief.

StatiStiCal analySiS

The software Jamovi (Version 2.3.28) was used to 
analyze the data. Data of quantitative variables are 
reported as means and standard deviations and data 
of qualitative variables, as percentages. The student’s 
t-test and Chi-square test was used to compare the 
baseline demographic characteristics and clinical 
scores between groups for continuous and categorical 
variables, respectively. For all times analyzed, systolic, 
diastolic, and mean blood pressure and heart rate 
presented the nonsymmetrical distribution known as 
Gamma distribution with link function identity. The 
independent factors were time, group, and interaction 
between them. The generalized mixed model was 
used to analyze the data before and after each of 
the ten sessions (every hour for four hours). The 
generalized mixed model with a random effect added 
to the constant of the model was used to identify 
individual variability. Data analysis is reported as 
mean difference and confidence interval, standard 
error, and p-value. Missing data was inputted using 
the group mean of each variable. The significance 
level was p < 5%.

Results

Initially, a total of 62 patients were screened to 
participate in the study. Thirty-two patients did 
not meet the inclusion criteria or declined due to 
limitations. Thirty patients were randomized to 
the active or sham groups. There were no serious 
clinical complications related to the hemodialysis 
process among patients who completed the treatment 

protocols. There were only clinical events related to 
routine dialysis treatment, such as hypoglycemia, 
hypotension, cramps, headache, body pain, and 
hemodynamic instability. Table 1 shows the sample’s 
socio-demographic and clinical characteristics. There 
were no statistical differences between the groups 
before treatment for age, sex, body mass index, 
smoking, chronic kidney disease etiology, marital 
status, hemodialysis time, and comorbidities.

The patients tolerated the tDCS applications well. 
There were few adverse effects, such as headache 
or worsening of pre-existing headache (active: 0%; 
sham: 1.4%), nausea (active: 0%; sham: 0.7%), 
and tingling (active: 37.7%; sham: 0%) reported by 
participants during the 300 therapy sessions of the 
study. Any clinical events related to hemodialysis 
were treated according to the judgment of the 
attending physician, including hypoglycemia (glucose 
replacement), hypotension (pause in ultrafiltration 
and volume replacement), cramps (glucose or 20% 
sodium chloride replacement) and hemodynamic 
instability (pause in dialysis and implementation of 
measures for hemodynamic support).

There were no statistically significant differences 
in the between-group analysis at any time point. 
Considering all the 10 sessions, the groups presented 
differences in the mean (95% CI) for systolic –10.93 
(–29.1; 7.2), diastolic –3.63 (–12.4; 5.1), and mean 
blood pressure –6.0 (–16.3; 4.2) and hear rate 2.26 
(–2.5; 7.1).

As shown in Table 2, no statistical difference for 
systolic, diastolic, mean blood pressure, and heart 
rate were found between groups for all the moments 
before and after each stimulation session. However, 
the active group presented higher numeric values than 
the sham group for systolic, diastolic, and mean blood 
pressure (Figures 2, 3, 4 and Table 2). Also, heart rate 
values were higher in the sham group compared to the 
active group (Figure 5 and Table 2).

dIscussIon

This study showed that C3/Fp2 tDCS in patients with 
end-stage renal disease undergoing hemodialysis is safe 
and feasible. Moreover, there were no hemodynamic 
issues during or after the sessions of tDCS. It is 
emphasized that hypotension is frequently experienced 
by patients with end-stage renal disease undergoing 
hemodialysis3. So, it is possible that the higher values 
for blood pressure in the active group could be related 



Braz. J. Nephrol. (J. Bras. Nefrol.) 2024,46(4):e20240010

tDCS and hemodialysis

5

Variables Active group (n = 15) Sham group (n = 15) p value

Age 51.5 ± 12.0 56.7 ± 13.6 0.28

Sex (male) % 40 13 0.10

BMI 24.2 ± 5.10 25.1 ± 3.44 0.57

Smoking % 26 7 0.60

Marital Status % 0.10

Single 40 20

Married 40 46

Divorced 20 7

Widow 0 27

RCD etiology % 0.29

Chronic Glomerulonephritis 53 27

Post-renal 7 0

Hypertension 13 27

Diabetes 27 46

Hemodialysis time 85.8 ± 66.6 51.5 ± 41.3 0.10

Hypertension % 60 80 0.24

Diabetes %  26 73 0.26

Notes – Hemodialysis time in months. %: percentage. Continuous variables are reported as mean and standard deviation. Abbreviations – BMI: 
body mass index; RCD: renal chronic disease.

tAble 1  SoCio-demographiC and CliniCal CharaCteriStiCS

to a hypotensive protective effect. However, more 
studies are needed to confirm this hypothesis.

As kidneys are responsible for modulating blood 
pressure and heart rate by different mechanisms,16 
chronic kidney dysfunctions are frequently associated 
with hemodynamic alterations16,17. Therefore, during 
hemodialysis, systolic, diastolic, and mean blood 
pressure and heart rate must be carefully monitored. 
The use of different classes of medications is important 
to treat some symptoms and induce other systems to 
preserve homeostasis18,19. In an attempt to avoid or 
decrease the chronic use of medications to maintain 
hemodynamic functions and control pain, tDCS 
emerges as a therapeutic, safe, and feasible strategy8.

The central nervous system modulates peripheral 
vascular resistance, hormone release, heart rate, 
sympathetic and parasympathetic activity, and cardiac 
output20–22. Moreover, there is evidence that the 
modulation of the central nervous system improves 
hemodynamic variables in different populations12. 
This study showed that ten nonconsecutive sessions of 
tDCS did not significantly change the blood pressure 
and heart rate of patients with end-stage renal disease 
undergoing hemodialysis. However, the results 
suggested that the active group had a hypotensive 
protective effect . We spculate that the autonomic 

nervous system modulation is one of the mechanisms 
involved in this control12.

In addition, the heart rate values were 
numerically lower in the active group. The increase 
in parasympathetic activity and the decrease in 
sympathetic activity could be responsible for the 
reduction in the active group23. Therefore, the use of 
tDCS as a safe therapeutic strategy in patients with 
end-stage renal disease could improve homeostasis 
and medication efficacy, avoiding the overload and 
collateral damage of other systems.

It is important to mention that this study had 
limitations. The small number of patients may have 
increased the variability in the groups. Also, data 
analysis was not controlled for the drugs taken by 
the patients. However, as an exploratory study, tDCS 
was shown to be aviable an adjunctive strategy for 
patients with end-stage renal disease undergoing 
hemodialysis. Future studies with tDCS aiming to 
improve pain, physical function, mood, and quality 
of life could be performed with safety and feasibility.

conclusIon

This trial suggests that ten non-consecutive sessions 
of tDCS are safe and feasible, taking into account the 
cardiovascular parameters of patients with end-stage 
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tAble 2  between-group analySiS of hemodynamiC variableS in the five time pointS

Hemodynamic variables Mean difference (CI) Standard error p value
Systolic blood pressure
Baseline –14.1 (–28.9; 0.6) 7.55 0.06
Session 1 –9.1 (–28.5; 10.3) 9.93 0.35
Session 2 –17.1 (–38.8; 4.6) 11.08 0.12
Session 3 –18.6 (–38.1; 0.8) 9.93 0.06
Session 4 –12.5 (–29.8; 4.7) 8.81 0.15
Session 5 –10.5 (–28.8; 7.7) 9.33 0.25
Session 6 –13.6 (–35.0; 7.7) 10.90 0.21
Session 7 –9.9 (–26.3; 6.4) 8.37 0.23
Session 8 –11.6 (–28.1; 4.9) 8.44 0.16
Session 9 –0.5 (–20.1; 19.0) 9.99 0.95
Session 10 –2.78 (–18.4; 12.9) 8.01 0.72
Diastolic blood pressure
Baseline –2.44 (–10.7; 5.8) 4.24 0.56
Session 1 –2.5 (–12.1; 7.0) 4.89 0.60
Session 2 –3.4 (–11.7; 4.9) 4.24 0.42
Session 3 –5.7 (–13.9; 2.8) 4.29 0.19
Session 4 –3.4 (–14.3; 7.3) 5.54 0.52
Session 5 –3.5 (–13.3; 6.2) 4.99 0.48
Session 6 –2.8 (–11.4; 5.7) 4.39 0.51
Session 7 –4.9 (–14.1; 4.3) 4.71 0.29
Session 8 –4.9 (–13.4; 3.5) 4.34 0.25
Session 9 –2.8 (–10.4; 4.7) 3.90 0.46
Session 10 –3.6 (–11.4; 4.2) 4.01 0.36
Mean blood pressure
Baseline –6.0 (–16.0; 3.9) 5.10 0.23
Session 1 –4.9 (–15.4; 5.6) 5.39 0.36
Session 2 –7.7 (–18.0; 2.5) 5.26 0.14
Session 3 –9.9 (–20.1; 0.2) 5.20 0.05
Session 4 –6.6 (–18.1; 4.9) 5.90 0.26
Session 5 –5.6 (–17.0; 5.6) 5.79 0.32
Session 6 –6.2 (–16.6; 4.2) 5.33 0.24
Session 7 –6.5 (–16.8; 3.8) 5.28 0.21
Session 8 –6.9 (–16.7; 2.7) 4.98 0.16
Session 9 –2.4 (–12.3; 7.4) 5.04 0.62
Session 10 –3.3 (–12.8; 6.0) 4.81 0.48
Heart rate
Baseline 0.84 (–2.4; 4.0) 1.65 0.61
Session 1 1.2 (–2.1; 4.7) 1.76 0.47
Session 2 1.9 (–2.4; 6.2) 2.22 0.38
Session 3 3.2 (–1.6; 8.2) 2.51 0.19
Session 4 3.5 (–1.3; 8.4) 2.50 0.15
Session 5 4.0 (–1.5; 9.5) 2.82 0.15
Session 6 0.6 (–4.6; 5.8) 2.67 0.81
Session 7 2.0 (–3.1; 7.3) 2.68 0.43
Session 8 2.3 (–2.4; 7.1) 2.42 0.33
Session 9 3.3 (–2.8; 9.5) 3.16 0.29
Session 10 2.1 (–3.9; 8.2) 3.10 0.49

Note – Mean difference: sham group minus active group. Abbreviation – CI: 95% confidence interval.
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Figure 2. Notes – Mean scores and confidence intervals of systolic blood pressure at baseline and during each of the ten tDCS sessions during four 
hours. Each point represents an individual. Reference measure in millimeters of mercury. Abbreviation – SBP: systolic blood pressure.
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Figure 3. Notes – Mean scores and confidence intervals of diastolic blood pressure at baseline and during each of the ten tDCS sessions during 
four hours. Each point represents an individual. Reference measure in millimeters of mercury. Abbreviation – DBP: diastolic blood pressure.
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Figure 4. Notes – Mean scores and confidence intervals of mean blood pressure at baseline and during each of the ten tDCS sessions during four 
hours. Each point represents an individual. Reference measure in millimeters of mercury. Abbreviation – MBP: Mean blood pressure.
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Figure 5. Notes – Mean scores and confidence intervals of heart rate at baseline and during each of the ten tDCS sessions during four hours. Each 
point represents an individual. Reference measure in beats per minute. Abbreviation – HR: heart rate.
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renal disease undergoing hemodialysis. The observed 
adverse effects were similar to those reported in other 
tDCS studies, and no collateral effects were found. 
The potential cardiovascular protective effect of 
C3/Fp2 tDCS, achieved by modulating the central 
nervous system, should be considered.

dAtA AvAlIAbIlIty 

Available upon request.

AuthoRs’ contRIbutIons

RP, TO and GMK conceptualization. RP, ESF and AQ 
data curation. RP, ESF and AQ formal analysis. RP, TO, 
GMK, ESF and AQ investigation. RP, MM, TO, GMK, 
ESF and AQ methodology. RP project administration. 
RP, MM, TO, GMK, ESF and AQ writing – original 
draft. RP, MM and ESF writing – review & editing.

conflIct of InteRest

The authors declare no competing interest.

RefeRences

1. Filipska A, Bohdan B, Wieczorek PP, Hudz N. Chronic 
kidney disease and dialysis therapy: incidence and prevalence 
in the world. Pharmacia. 2021;68(2):463–70. doi: http://doi.
org/10.3897/pharmacia.68.e65501.

2. Lowe KM, Robinson Jr DR. Pain management for patients 
with chronic kidney disease in the primary care setting.  
Nurse Pract. 2020;45(1):18–26. doi: http://doi.org/10.1097/01.
NPR.0000615544.81303.9c. PubMed PMID: 31764241.

3. Zoccali C, Tripepi G, Mallamaci F, Panuccio V. The heart 
rate response pattern to dialysis hypotension in haemodialysis 
patients. Nephrol Dial Transplant. 1997;12(3):519–23. doi: 
http://doi.org/10.1093/ndt/12.3.519. PubMed PMID: 9075134.

4. Pham PC, Khaing K, Sievers TM, Pham PM, Miller JM, Pham 
SV, et al. 2017 update on pain management in patients with 
chronic kidney disease. Clin Kidney J. 2017;10(5):688–97. doi: 
http://doi.org/10.1093/ckj/sfx080. PubMed PMID: 28979781.

5. Ferré S, García-Borreguero D, Allen RP, Earley CJ. New 
insights into the neurobiology of restless legs syndrome. 
Neuroscientist. 2019;25(2):113–25. doi: http://doi.org/ 
10.1177/1073858418791763. PubMed PMID: 30047288.

6. Gandhi G, Mehta T, Contractor P, Tung G. Genotoxic damage 
in end-stage-renal disease. Mutat Res Genet Toxicol Environ 
Mutagen. 2018;835:1–10. doi: http://doi.org/10.1016/j.
mrgentox.2018.08.005. PubMed PMID: 30249475.

7. Robinson BM, Akizawa T, Jager KJ, Kerr PG, Saran R, Pisoni 
RL. Factors affecting outcomes in patients reaching end-
stage kidney disease worldwide: differences in access to renal 
replacement therapy, modality use, and haemodialysis practices. 
Lancet. 2016;388(10041):294–306. doi: http://doi.org/10.1016/
S0140-6736(16)30448-2. PubMed PMID: 27226132.

8. Quintiliano A, Bikson M, Oehmen T, Pegado R, Kirsztajn GM. 
Transcranial Direct Current Stimulation (tDCS): pain management 
in end-stage renal disease – report of an early randomized 
controlled trial. J Pain Symptom Manage. 2022;64(3):234–243.
e1. doi: http://doi.org/10.1016/j.jpainsymman.2022.05.018. 
PubMed PMID: 35640767.

9. Lefaucheur JP, Antal A, Ayache SS, Benninger DH, Brunelin 
J, Cogiamanian F, et al. Evidence-based guidelines on the 
therapeutic use of transcranial direct current stimulation 

(tDCS). Clin Neurophysiol. 2017;128(1):56–92. doi: http://doi.
org/10.1016/j.clinph.2016.10.087. PubMed PMID: 27866120.

10. Morya E, Monte-Silva K, Bikson M, Esmaeilpour Z, Biazoli 
Jr CE, Fonseca A, et al. Beyond the target area: an integrative 
view of tDCS-induced motor cortex modulation in patients and 
athletes. J Neuroeng Rehabil. 2019;16(1):141. doi: http://doi.
org/10.1186/s12984-019-0581-1. PubMed PMID: 31730494.

11. Iyer PC, Madhavan S. Non-invasive brain stimulation in the 
modulation of cerebral blood flow after stroke: a systematic 
review of Transcranial Doppler studies. Clin Neurophysiol. 
2018;129(12):2544–51. doi: http://doi.org/10.1016/j.clinph. 
2018.09.019. PubMed PMID: 30384025.

12. Schmaußer M, Hoffmann S, Raab M, Laborde S. The effects 
of noninvasive brain stimulation on heart rate and heart rate 
variability: a systematic review and meta-analysis. J Neurosci Res. 
2022;100(9):1664–94. doi: http://doi.org/10.1002/jnr.25062. 
PubMed PMID: 35582757.

13. Yildiz AB, Vehbi S, Covic A, Burlacu A, Covic A, Kanbay M. An 
update review on hemodynamic instability in renal replacement 
therapy patients. Int Urol Nephrol. 2022;55(4):929–42. doi: 
http://doi.org/10.1007/s11255-022-03389-w. PubMed PMID: 
36308664.

14. Cuschieri S. The CONSORT statement. Saudi J Anaesth. 
2019;13(5, Suppl 1):S27–30. doi: http://doi.org/10.4103/sja.
SJA_559_18. PubMed PMID: 30930716.

15. Stergiou GS, Palatini P, Parati G, O’Brien E, Januszewicz A, 
Lurbe E, et al. 2021 European Society of Hypertension practice 
guidelines for office and out-of-office blood pressure measurement. 
J Hypertens. 2021;39(7):1293–302. doi: http://doi.org/10.1097/
HJH.0000000000002843. PubMed PMID: 33710173.

16. Wang Q, Cui Y, Yogendranath P, Wang N. Blood pressure 
and heart rate variability are linked with hyperphosphatemia 
in chronic kidney disease patients. Chronobiol Int. 
2018;35(10):1329–34. doi: http://doi.org/10.1080/07420528.
2018.1486850. PubMed PMID: 29947550.

17. Russo E, Verzola D, Salvidio G, Bonino B, Picciotto D, Drovandi 
S, et al. Long-term blood pressure behavior and progression 
to end-stage renal disease in patients with immunoglobulin 
A nephropathy: a single-center observational study in Italy. J 
Hypertens. 2020;38(5):935–93. doi: http://doi.org/10.1097/
HJH.0000000000002354. PubMed PMID: 31977575.

18. Abdullah HM, Ullah W, Jafar MS, van Zyl M, Saeed R, Alam 
M, et al. Safety and efficacy of apixaban, rivaroxaban, and 
warfarin in end-stage renal disease with atrial fibrillation: 
a systematic review and meta-analysis. Cardiovasc Revasc 
Med. 2021;30:26–32. doi: http://doi.org/10.1016/j.carrev. 
2020.09.041. PubMed PMID: 34420589.

19. Rastogi A, Bhatt N, Rossetti S, Beto J. Management of 
hyperphosphatemia in end-stage renal disease: a new paradigm. 
J Ren Nutr. 2021;31(1):21–34. doi: http://doi.org/10.1053/j.
jrn.2020.02.003. PubMed PMID: 32386937.

20. Gutteridge DS, Tully PJ, Ghezzi ES, Jamadar S, Smith 
AE, Commerford T, et al. Blood pressure variability and 
structural brain changes: a systematic review. J Hypertens. 
2022;40(6):1060–70. doi: http://doi.org/10.1097/HJH.00000 
00000003133. PubMed PMID: 35703873.

21. Gibbons CH. Basics of autonomic nervous system function. 
Handb Clin Neurol. 2019;160:407–18. doi: http://doi.
org/10.1016/B978-0-444-64032-1.00027-8. PubMed PMID: 
31277865.

22. Limberg JK, Soares RN, Padilla J. Role of the autonomic nervous 
system in the hemodynamic response to hyperinsulinemia-
implications for obesity and insulin resistance. Curr Diab Rep. 
2022;22(4):169–75. doi: http://doi.org/10.1007/s11892-022-
01456-1. PubMed PMID: 35247145.

23. Farinatti P, Cordeiro R, Vogel M, Machado S, Monteiro W. 
Postexercise blood-pressure and autonomic responses after 
aerobic-exercise following anodal tDCS applied over the medial 
prefrontal cortex. Neurosci Lett. 2019;711:134444. doi: http://doi.
org/10.1016/j.neulet.2019.134444. PubMed PMID: 31445061.

https://doi.org/10.3897/pharmacia.68.e65501
https://doi.org/10.3897/pharmacia.68.e65501
https://doi.org/10.1097/01.NPR.0000615544.81303.9c
https://doi.org/10.1097/01.NPR.0000615544.81303.9c
https://pubmed.ncbi.nlm.nih.gov/31764241
https://doi.org/10.1093/ndt/12.3.519
https://pubmed.ncbi.nlm.nih.gov/9075134
https://doi.org/10.1093/ckj/sfx080
https://pubmed.ncbi.nlm.nih.gov/28979781
http://doi.org/10.1177/1073858418791763
http://doi.org/10.1177/1073858418791763
https://pubmed.ncbi.nlm.nih.gov/30047288
https://doi.org/10.1016/j.mrgentox.2018.08.005
https://doi.org/10.1016/j.mrgentox.2018.08.005
https://pubmed.ncbi.nlm.nih.gov/30249475
https://doi.org/10.1016/S0140-6736(16)30448-2
https://doi.org/10.1016/S0140-6736(16)30448-2
https://pubmed.ncbi.nlm.nih.gov/27226132
https://doi.org/10.1016/j.jpainsymman.2022.05.018
https://pubmed.ncbi.nlm.nih.gov/35640767
https://doi.org/10.1016/j.clinph.2016.10.087
https://doi.org/10.1016/j.clinph.2016.10.087
https://pubmed.ncbi.nlm.nih.gov/27866120
https://doi.org/10.1186/s12984-019-0581-1
https://doi.org/10.1186/s12984-019-0581-1
https://pubmed.ncbi.nlm.nih.gov/31730494
https://doi.org/10.1016/j.clinph.2018.09.019
https://doi.org/10.1016/j.clinph.2018.09.019
https://pubmed.ncbi.nlm.nih.gov/30384025
https://doi.org/10.1002/jnr.25062
https://pubmed.ncbi.nlm.nih.gov/35582757
https://doi.org/10.1007/s11255-022-03389-w
https://pubmed.ncbi.nlm.nih.gov/36308664
https://pubmed.ncbi.nlm.nih.gov/36308664
https://doi.org/10.4103/sja.SJA_559_18
https://doi.org/10.4103/sja.SJA_559_18
https://pubmed.ncbi.nlm.nih.gov/30930716
https://doi.org/10.1097/HJH.0000000000002843
https://doi.org/10.1097/HJH.0000000000002843
https://pubmed.ncbi.nlm.nih.gov/33710173
https://doi.org/10.1080/07420528.2018.1486850
https://doi.org/10.1080/07420528.2018.1486850
https://pubmed.ncbi.nlm.nih.gov/29947550
https://doi.org/10.1097/HJH.0000000000002354
https://doi.org/10.1097/HJH.0000000000002354
https://pubmed.ncbi.nlm.nih.gov/31977575
https://doi.org/10.1016/j.carrev.2020.09.041
https://doi.org/10.1016/j.carrev.2020.09.041
https://pubmed.ncbi.nlm.nih.gov/34420589
https://doi.org/10.1053/j.jrn.2020.02.003
https://doi.org/10.1053/j.jrn.2020.02.003
https://pubmed.ncbi.nlm.nih.gov/32386937
https://doi.org/10.1097/HJH.0000000000003133
https://doi.org/10.1097/HJH.0000000000003133
https://pubmed.ncbi.nlm.nih.gov/35703873
https://doi.org/10.1016/B978-0-444-64032-1.00027-8
https://doi.org/10.1016/B978-0-444-64032-1.00027-8
https://pubmed.ncbi.nlm.nih.gov/31277865
https://pubmed.ncbi.nlm.nih.gov/31277865
https://doi.org/10.1007/s11892-022-01456-1
https://doi.org/10.1007/s11892-022-01456-1
https://pubmed.ncbi.nlm.nih.gov/35247145
https://doi.org/10.1016/j.neulet.2019.134444
https://doi.org/10.1016/j.neulet.2019.134444
https://pubmed.ncbi.nlm.nih.gov/31445061



