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ABSTRACT

Introduction: Chronic Heart Failure (CHF) occurs when the heart is unable to meet the body’s demands
adequately, resulting in reduced blood flow. The patient experiences dyspnea, fatigue, and an inability to
perform exercises that require greater effort. Neuromuscular electrostimulation (NMES) has been used as
a treatment to increase muscle strength, functional capacity, and quality of life. Objective: To review the
effectiveness of NMES on muscle strength, quality of life, and functional capacity in patients with heart
failure. Methods: This is a systematic review using the PICO strategy, with searches conducted in the PUB-
MED, SciELO, and LILACS databases using the descriptors: heart failure, transcutaneous electrical nerve
stimulation, quality of life, muscle strength, and functional status, combined with the boolean operators
‘AND’ and ‘OR’. Results: Eighteen studies were included after selection. NMES showed no statistically
significant difference on the functional capacity outcome (difference between means 12.06 meters; 95%
Cl, -2.55 to +26.66), but there was a statistically significant difference in quality of life (difference between
means 4.20 points; 95% CI, 2.79 to 5.62). The studies showed superiority in muscle strength for patients
with CHF who were exposed to NMES. Conclusion: Neuromuscular electrostimulation can safely be im-
plemented in patients with heart failure, positively impacting quality of life and muscle strength, but
without affecting functional capacity.

Keywords: heart failure; transcutaneous electrical nerve stimulation; quality of life; muscle strength; functional
status

RESUMO

Introducio: A insuficiéncia cardiaca cronica (ICC) ocorre quando o coragio se torna incapaz de atender
adequadamente as demandas do organismo, levando a redugio do fluxo sanguineo. O paciente apresen-
ta dispneia, fadiga e incapacidade de realizar exercicios que exigem maior esforco. A eletroestimulagio
neuromuscular (EENM) tem sido utilizada como tratamento para aumentar a for¢a muscular, a capacida-
de funcional e a qualidade de vida. Objetivo: Revisar a efetividade da eletroestimulagio neuromuscular
sobre for¢a muscular, qualidade de vida e capacidade funcional em pacientes com insuficiéncia cardiaca.
Métodos: Trata-se de uma revisao sistematica utilizando a estratégia PICO, com buscas realizadas nas
bases de dados PUBMED, SciELO e LILACS, utilizando os descritores: insuficiéncia cardiaca, estimula¢io
elétrica nervosa transcutinea, qualidade de vida, forca muscular e estado funcional, combinados pelos
operadores booleanos “AND” e “OR”. Resultados: Dezoito estudos foram incluidos apds o processo de
selecio. A EENM nio demonstrou diferenca estatisticamente significativa no desfecho capacidade fun-
cional (diferenca entre médias de 12,06 metros; IC 95%, -2,55 a +26,66), porém houve diferenca estatisti-
camente significativa para qualidade de vida (diferenca entre médias de 4,20 pontos; IC 95%, 2,79 a 5,62).
Os estudos demonstraram superioridade na forca muscular em pacientes com ICC submetidos 3 EENM.
Conclusao: A eletroestimulagido neuromuscular pode ser implementada com seguranca em pacientes com
insuficiéncia cardiaca, impactando positivamente a qualidade de vida e a for¢a muscular, porém sem efei-
to sobre a capacidade funcional.

Palavras-chave: insuficiéncia cardiaca; estimulacio elétrica nervosa transcutinea; qualidade de vida; forca mus-
cular; estado funcional

\ J

Received: February 16, 2026; Accepted: May 27, 2026.

Correspondéncia: André Luiz Lisboa Cordeiro, andrelisboacordeiro@gmail.com




Rev Bras Fisiol Exerc 2026;25(1):e255658

Introduction

Heart failure (HF) is a clinical condition characterized by the heart’s inability
to pump blood efficiently, leading to symptoms such as fatigue, dyspnea, and fluid
retention. According to McMurray et al. [1], the prevalence of HF has been increasing
globally due to population aging and the improved survival of patients with car-
diovascular diseases. Despite therapeutic advances, HF is still associated with high
morbidity and mortality rates, necessitating the exploration of alternatives capable
of improving patients’ quality of life. Cardiovascular rehabilitation has established
itself as an important approach, and neuromuscular electrical stimulation (NMES)
has emerged as a promising intervention to optimize the muscular and functional
performance of patients with HF [2].

NMES uses electrical stimuli to induce muscle contraction and improve muscle
strength and endurance in individuals with neuromuscular dysfunction. In patients
with HF, peripheral muscle function is often compromised due to chronic physical
deconditioning, resulting in reduced functional capacity [3]. According to Barlow et
al. [4], NMES has shown potential in the rehabilitation of skeletal muscle—particu-
larly in the lower limbs, which are most affected by HF. This therapeutic modality is
capable of stimulating both slow- and fast-twitch muscle fibers, thereby promoting
improved muscle trophism and reducing the risk of atrophy [5].

Recent studies demonstrate that NMES can improve muscle strength, exercise
tolerance and quality of life in patients with heart failure [6,7]. The combination of
NMES with cardiovascular rehabilitation programs has been shown to be effective in
optimizing outcomes related to the functionality and global physical health of these
patients [7]. However, there are still disagreements regarding the most appropria-
te stimulation protocol, including frequency, intensity and duration of treatment.
Among these parameters, therapeutic individualization seems to be an essential fac-
tor to maximize the benefits of the intervention [8].

Based on current evidence, it is expected that the findings will provide su-
pport for the integration of NMES into the clinical practice of cardiovascular reha-
bilitation, offering more effective therapeutic alternatives for this population [9,10].
Given this scenario, the present systematic review aims to evaluate the effectiveness
of neuromuscular electrical stimulation on muscle strength, quality of life and func-
tional capacity in patients with heart failure.

Methods

Study type and registration

This systematic review was conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [11]. The ar-
ticle was registered in the International Prospective Register of Systematic Reviews
(PROSPERO) under number CRD42025637595.
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Eligibility criteria

This systematic review used the PICOS strategy [12]. The study population
was made up of patients with heart failure undergoing neuromuscular electrical sti-
mulation. The control group consisted of patients who did not undergo electrical sti-
mulation. The outcomes evaluated were related to muscle strength, quality of life and
functional capacity. Randomized clinical trials were included, without restrictions
on language or year of publication.

Information sources

An electronic search was carried out in the databases Web of Science, Latin
American and Caribbean Literature in Health Sciences (LILACS), PubMed, Cochrane
Central Register of Controlled Trials (CENTRAL) and OVID. Additionally, the referen-
ce lists of previous systematic reviews and clinical trials eligible for this review were
examined. The search for articles was completed in November 2024.

Search

The search was based on the previously described PICOS strategy and the bo-
olean operators AND and OR. The search strategy used in PubMed is presented in
Chart 1.

Chart 1 - Search strategy

(“Heart Failure”[Mesh] OR “heart failure”[tiab] OR “cardiac failure”[tiab] OR “congestive heart
failure”[tiab]) AND (“Electric Stimulation Therapy”[Mesh] OR “neuromuscular electrical stimu-
lation”[tiab] OR “NMES”[tiab] OR “electromyostimulation”[tiab] OR “muscle electrical stimula-
tion”[tiab]) AND (“Muscle Strength”[Mesh] OR “muscle strength”[tiab] OR “muscle force”[tiab]
OR “Quality of Life”[Mesh] OR “quality of life”[tiab] OR “Exercise Tolerance”[Mesh] OR “functio-
nal capacity”[tiab] OR “exercise capacity”’[tiab]) AND (“Randomized Controlled Trial”’[Publication
Type] OR “randomized”[tiab] OR “randomised”[tiab]

Study selection

This systematic review included randomized controlled trials involving pa-
tients with heart failure. To be eligible, clinical studies had to allocate patients with
heart failure to treatment with neuromuscular electrical stimulation. Studies invol-
ving participants of both sexes were also included.

Neuromuscular electrical stimulation (NMES) consists of the application of
low or medium frequency electrical current through electrodes positioned on the
skin, with the aim of stimulating a specific muscle. Studies involving other types of
interventions combined with NMES were excluded.

Data collection process

The extraction of selected articles went through the following stages: scre-
ening of titles (first stage), analysis of abstracts (second stage) and reading of full
texts (third stage). Subsequently, an exploratory reading of the selected studies was
carried out, followed by a selective and analytical reading. The data extracted from
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the articles were synthesized according to authors, periodical, year of publication,
title and conclusions, aiming to gather relevant information for the research.

The methodological quality of the studies was assessed by three independent
reviewers. When disagreements arose, the article was read in full for reassessment.
If disagreement remained, a fourth reviewer evaluated the study and made the final
decision.

Data items
Two authors independently extracted data from the published reports using a
standard data extraction method, considering the following aspects:

1. Study population characteristics, such as mean age, sex, number of patients, and diagnosis;
2. Intervention details, including sample size, type of neuromuscular electrical stimulation,
presence of supervision, intensity, frequency, and duration of each session;

3. Follow-up;

4. Loss to follow-up;

5. Outcome measures;

6. Reported results.

Quality of each study

The methodological quality of the studies was assessed using the PEDro scale
[13], an instrument widely used to analyze the methodological quality of randomi-
zed clinical trials in health research. The scale is composed of 11 criteria that evaluate
aspects related to the methodological design and risk of bias, including eligibili-
ty criteria, random allocation, allocation concealment, initial comparability betwe-
en groups, blinding of participants, therapists and evaluators, adequate follow-up,
analysis by intention to treat, comparisons between groups and presentation of spe-
cific and variability measures. Each item receives a score of presence (1) or absence
(0), with a maximum score of 10 points, since the first item, referring to the eligibility
criteria, is not counted in the final score. The methodological assessment was carried
out independently by the reviewers, allowing the analysis of the methodological ro-
bustness and internal quality of the studies included in this systematic review

Synthesis of results

The presence of heterogeneity was evaluated using the X2 test and the 12 sta-
tistic. This statistic illustrates the percentage of variability in effect estimates from
heterogeneity rather than sampling error.

Statistical assessment

The difference between group means and their respective 95% confidence in-
tervals were calculated and used to quantify the effect of continuous outcomes. In
meta-analyses in which studies used the same assessment scales, results were presen-
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ted as mean difference (MD) and 95% confidence intervals. In cases where different
scales were used, the effects were calculated using the standardized mean difference
(SMD) and respective 95% confidence intervals. The effect size of the interventions
was defined as small if DM < 10% of the scale or DMP < 0.4, moderate if DM = 10% to
20% of the scale or DMP = 0.41 to 0.7, or large if DM > 20% of the scale or DMP > 0.7.

Results

Study selection and characteristics

According to the data presented in the study selection flowchart (Figure 1),
the database search identified a total of 1,980 articles, 43 of which were duplica-
tes. Initially, 1,870 studies were excluded after screening titles and abstracts. Subse-
quently, after reading the full texts, 49 articles were excluded because they combined
neuromuscular electrical stimulation (NMES) with other interventions. Thus, 18 stu-
dies met the eligibility criteria and were included in this systematic review.

Identification of studies via databases and registers
Records removed before
c screening:
g Duplicate records removed
é Records identified from: - (n=43)
] Databases (n = 1980) g Records marked as ineligible
i by automation tools (n = 0)
Records removed for other
reasons (n = 0}
Records screened Records excluded™™
—
(n=1937) (n=1870)
Reports sought for retrieval .| Reports not retrieved
= (n=67) "l (n= 0)
E
@
: :
@
Reports assessed for eligibility
i —_—
(n=87) Reports excluded:
NMES with other
interventions (n = 50)
¥
Studies included in review
(n=1T7)
Reports of included studies
(n=17)

Figure 1 - Flowchart for study selection

Methodological quality results

According to the PEDro scale, six studies were rated as having low methodo-
logical quality, eleven as moderate, and two as high. The criteria evaluated by the
PEDro scale, and the scores obtained by each study are presented in detail in Table I.
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Table I - Classification of articles on the PEDro Scale

1 2 3 4 5 6 7 8 9 10 11 Total
Dobsak et al. [14] X X X X 4
Deley et al. [15] X X X X X 5
Deley et al. [16] X X X X 4
Eicher et al.[17] X X 2
Harris et al.[18] X X X X X 5
Karavidas et al. [19] X X X X X X 6
Aratjo et al.[20] X X X X X X X 7
Banerjee et al.[21] X X X 3
Karavidas et al. [22] X X X X X 5
Karavidas et al.[23] X X X X X X 6
Nuhr et al. [24] X X X X X X 6
Quittan et al.[25] X X X X X 5
Groehs et al. [26] X X X X X 5
Sacilotto et al. [27] X X X X X X 6
Kucio et al.[28] X X X X X X 6
Forestieri et al. [29] X X X X X X 6
Kadoglou et al. [30] X X X X 4
Ennis et al.[31] X X X X X X X X 8

PEDro Scale Items: 1) Eligibility criteria were specified (*- This item is not used to calculate the PEDro
score); 2) Subjects were randomly allocated to groups; 3) Allocation of subjects was concealed; 4)
Groups were initially similar with regard to important prognostic indicators; 5) All subjects were blin-
ded to the study; 6) All therapists who administered the therapy were blinded; 7) All assessors who
measured at least one key outcome were blinded; 8) Measurements of at least one key outcome were
obtained from more than 85% of subjects originally allocated to groups; 9) All subjects for whom out-
come measurements were presented received the treatment or control condition as allocated, or if this
was not the case, the data were analyzed for at least one outcome using intention-to-treat analysis; 10)
Results of between-group statistical comparisons were reported for at least one key outcome; 11) The
study presents both measures of precision and measures of variability for at least one key outcome.
Methodological Quality Classification: a. High methodological quality; b. Moderate methodological
quality; c. Low methodological quality.

Participants

A total of 292 patients received the intervention in the studies included in
this review. The participants” ages ranged between 18 and 66 years old, with a pre-
dominance of males, representing 195 individuals (66%) of the total sample. Other
demographic and clinical data are presented in Table II.

Table I1I presents the main parameters used for the application of neuromus-
cular electrical stimulation (NMES) in the studied population



Table II - Summary of the characteristics of the articles analyzed

Year

Deley et al. EUA
2008 [15]

Author/ Country Sample Participants

44

Patients with sta- Conventional 5 weeks

ble chronic heart
failure

Control

aerobic training
programmes.

Intervention

of exercise
training with electrical
myostimulation (EMS)

Mensure

Functional
capacity

Rev Bras Fisiol Exerc 2026;25(1):e255658

Results

Both training protocols induced significant improvements in
the distance walked in 6 min (+ 13.8% in EMS and + 16.5% in
control, p <0.001).

Dobsik et Czech 30

Patients with sta-

8 weeks of ex-

8 weeks of home-based

Functional

Distance walked in 6 minutes (LFES group: from 398 + 105 m

al. [14] Republic. ble chronic heart ercise  bicycle low-frequency electri- capacity and to 435+ 112 m, P < 0.05; bicycle group: from 425 + 118 m to 483
failure, NYHA training cal stimulation (LFES)  quality  of +120m, P <0.03)
class I1-111 life
Deley et al. France 24 Patients with sta- Conventional EMS consisted of stim- Function- Both training protocols have induced significant improve-
2005 [16] ble CHF aerobic training ulating both quadri- al capacity ments in the distance covered in 6 min ( + 11.9%, P < 0.01. in
programmes. ceps and calf muscles and muscle EMS and + 15.3%, P < 0.001 in conventional exercise.
using two portative du- strength The strength measured on the knee extensors increased by
al-channel stimulators 9.9 and 10.6% for the left lower limb after EMS and conven-
tional exercise, respectively (P < 0.05) and by 9.5 and 12% for
the right lower limb (P < 0.05).
Eicher et Franca 24 Patients with sta- Classical bicycle Electrical stimulation of Functional Distance walked in 6 minutes improved significantly in both
al. [17] ble CHF training pro- inferior limb muscles  capacity groups. It improved more in the EMS group (+ 72m) than in
gram the bicycle group (+ 29m)
Harris etal. UK 46 Stable NYHA Class 6-week training Electrical stimulation of Function- Significant increases were seen in 6-min walk (44.6 m, 95%
[18] 11/111 heart failure programme us- the quadriceps and gas- al capacity, confidence interval (CI) 29.3-60.9 m) and similar significant
ing either a bicy- trocnemius muscles. quality  of increases were seen following training for 6-min walk (40.6
cle ergometer life and mus- m, 95% CI 28.2-53.0 m),
cle strength Maximum leg strength (5.32 kg, 95% CI 3.18-7.45 kg) and
maximum leg strength (5.35 kg, 95% CI 1.53-9.17 kg
Quality of life scores improved following training when the
bicycle and stimulator groups were considered together, but
not when considered separately (—0.43, 95% CI —8.13 to —0.56).
Karavidas Greece 30 Patients with Placebo training 6-week FES training Functional A significant improvement in 6-minute walked distance (F =
et al. 2013 chronic HFpEF,  program program capacity and 21.61, P = .001), Kansas City Cardiomyopathy Questionnaire
[19] quality  of summary (F = 8.68, P = .006), Minnesota Living with Heart
life Failure Questionnaire (F = 6.43, P =.017)
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Table II - Continuation

Control Intervention Mensure Results

Author/ Country

Sample Participants

Year

Araujo et Brazil 30 Patients hospital- Did not receive Underwent convention- Functional Distance covered in meters on the 6MWT by patients under-
al. J20] ized in the ward NMES al rehabilitation and capacity going NMES before: 372.9 + 62.4 and after: 500 + 68, p < 0.001.
for the treatment NMES for 60 minutes The control group patients had before: 379.7 + 43.5 and after:
of heart failure at (20 Hz wave frequency, 372.9 + 46.9
a tertiary cardiol- 20 us pulse duration),
ogy hospital. twice a day, on consec-
utive days until hospital
discharge
Banerjee et UK 18 Stable CHF from 8-week control 8-week EMS training Funcion- 6MWT and quads strength compared with both baseline val-
al. [21] left  ventricular period during program al capacity ues and the control response
systolic dysfunc- which they and muscle
tion with New maintained their strength
York Heart Asso- habitual activity
ciation Class II-1II level
symptoms
Karavidas Greece 30 Patients with sta- Placebo 6-week FES training Funcional A significant improvement in KCCQ functional (F = 76.666, p
et al. 2008 ble CHF program capacity and b 0.001), KCCQ overall (F = 41.508, p b 0.001) was observed in
[22] quality  of the FES group compared to placebo.
life Patients in the FES group had also asignificant increase in
6MWT (F =19.413, p b 0.001) compared to placebo.
Karavidas Greece 24 Patients with a Received current 6-week training pro- Funcional Asignificantimprovementon the 6-min walk test (7.5 +3.3%)
et al. 2006 left  ventricular input up to the gramme of FES capacity and and Minnesota Living Score (18.2 + 8.6%) was observed only
[23] ejection fraction sensory thresh- quality  of in the FES-treated group.
of less than 40% old without life
and New York muscle contrac-
Heart Association tions.
class II-1II symp-
tom
Nuhr et al. Austria 32 Patients with a di- NMES up to the NMES that generated Funcional The quality of life score decreased in the intervention group
[24] agnosis of chronic sensory thresh- muscle  contractions; capacity and (53+20, P<0.001), while the control group remained un-
heart failure old without (Pulse width of 0.5 ms quality of changed (66+22, ns).
muscle contrac- and frequency of 15 Hz) life In the 6-minute walk test (6MWT), a significant difference

tions

was observed: Intervention group (227+138 m vs 299+137 m).
Control group (237+132 m vs 243145 m)
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Author/ Country Sample Participants

Year

Quittan et Austria 42
al. [25]

Patients with sta-
ble disease pro-
gression listed for
transplantation

Control

NMES up to the
sensory thresh-
old without
muscle contrac-
tions.

Intervention

The patients received
daily NMES sessions,
twice a day, for 8 weeks,
with a frequency of 50
Hz and a duty cycle (on/
off regime)

Mensure

Muscle
strenght and
quality  of
life

Rev Bras Fisiol Exerc 2026;25(1):e255658

Results

Muscle strength increased by an average of 22.7 for the knee
extensor muscles and 35.4 for the knee flexor muscles. The
Control Group remained unchanged or decreased by -8.4 in
extensor strength. Cross-sectional area increased by 15.5 in
the Stimulation Group and 1.7 in the Control Group. Activi-
ties of daily living and quality of life improved in the Stimu-
lation Group, but not in the Control Group.

Groehs et Brazil 30

al. [26]

Patients hospital-
ized with decom-
pensated  heart
failure.

Electrical stim-
ulation with an
intensity <20 mA

Functional electrical

stimulation consisted of al

stimulating the lower
limbs with a frequency

Function-
capaci-
ty, muscle
strength,

of 10 Hz, pulse width of and quality
150 ms, and intensity of of life

70 mA for 60 minutes/
day over 8 to 10 consec-
utive days

Both the FES group and the control group showed an in-
crease in the results of the walking test (p < 0.001 and p =
0.001, respectively). However, the distance covered was great-
er in the FES group than in the control group (p < 0.001).
Knee extensor muscle strength increased in the FES group (p
< 0.001), but not in the control group. Comparisons between
the groups revealed that the quality of life score was higher
in the FES group than in the control group (p < 0.001).

Sacilotto et Brazil 28 Patients with se- The application The stimulation was Quality of The distance covered in the 6-minute walk test (6MWT) in-
al. [27] vere heart failure of the current applied, inducing visi- life and creased immediately after the completion of the NMES proto-
did not induce ble muscle contraction, functional col when compared to the distance covered before the NMES
muscle contrac- twice a week for a peri- capacity treatment: 324 + 117 m Vs 445 + 100 m, p = 0.02. The placebo
tion. od of 7 days per week, 50 group showed no differences in the sSMWT values before and
minutes (pulse frequen- after the treatment. In the NMES group, there was a signif-
cy of 50 Hz, rise/fall icant reduction in the scores obtained through the Quality
time of 2/2 seconds, and of Life Questionnaire (QQV), indicating an improvement in
contraction/relaxation quality of life (64 £ 22 vs 45+ 17, p < 0.01)
time of 3/9 seconds, re-
spectively).
Kucio et al. Poland 72 Patients with sta- Received solely Administered NMES Quality of Three weeks of rehabilitation induced significant increases
[28] ble CHF pharmacologi- life and (p < 0.05) in the distance covered in the 6-minute walk test
cal and exercise functional andimproved quality of life in all groups, but between group
treatment capacity differences were not significant (p > 0.05).
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Author/ Country Sample Participants

Year

Forestieri Brazil
et al. [29]

Patients  hospi-
talized with ad-

Control

They did not re-
ceive NMES, only

Intervention

Mensure

Hz, pulse duration of capacity

A biphasic current of 40 Functional

10
Rev Bras Fisiol Exerc 2026;25(1):e255658

Results

Regarding functional capacity, the groups were homoge-
neous at baseline, and a significant improvement in the dis-

vanced  decom- standard care 400 ys, ‘on-time’ mode tance covered in the 6-minute walk test was observed in both
pensated  heart of 10 seconds and ‘off- groups post-protocol compared to baseline values (p < 0.05).
failure time’ of 20 seconds, with However, the EMS group showed a significantly greater in-
a maximum amplitude crease compared to the control group after the protocol ap-
of 60 mA, was increased plication (p < 0.001), relative to baseline (p < 0.001)
according to the pa-
tient’s tolerance until a
muscle contraction was
observed. The treatment
lasted for 2 weeks, twice
a day, for 60 minutes.
Kadoglou Greece With stable Lower intensity Visible muscle contrac- Functional éMWT was significantly improved in the FES group (treat-
et al. [30] (without recent stimulation (5 tions by arranging the capacity ment effect on 6MWT change 41.8, 95% CI 34.6-48.9
decompensation) Hz), not leading delivery of a direct elec-
CHF (NYHA class to visible or pal- trical current at 25 Hz
I1/111 and left ven- pable  contrac- for 5 seconds followed
tricular ejection tions. by a 5-second rest by
fraction <40%) each stimulator.
Ennis et al. UK Randomised fea- Very low level of Rhythmical  contrac- Function- Non-significant improvements after LF-EMS (8week time
[31] sibility trial into stimulation (LF- tions in the leg muscle al  capaci- point) and sham groups were observed in 6 min walk dis-

the effects of
low-frequency
electrical muscle
stimulation in ad-
vanced heart fail-
ure patients.

EMS) (frequen-
cy: 99Hz, pulse
width: 150 ps,
maximum cur-
rent amplitude:
7.3 mA)

groups

ty, muscle
strength and

Quality
life

of

tance (6MWD) with a mean increase from baseline of 24m
(p=0.13) in the LF-EMS group

No significant differences between groups in the change
from baseline for muscle strength.

There was a non-significant improvement in quality of life in
both groups.

EMS = electrical myostimulation; LFES = low-frequency electrical stimulation; NYHA = New York Heart Association; CHF -=Chronic Heart Failure; HFpEF = Heart Failure pre-
served ejection fraction; FES = Functional Electrical Stimulation; 6MWT = 6 minute walk test; KCCQ - Kansas City Cardiomyopathy Questionnaire
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Table I1I - Characteristics of the NMES intervention in the studies included in the review

Duration
wks

Intensity Current Frequency = Muscles Pulse Width ~ Time m/ Freqll(lency
/W

day d

Deley et al. 2008 [15] Maximum tolerated Biphasic 10 Hz QDC/CM 0.2 ms 60 5 5

Dobsik et al. [14] 1 to maximum of 60 mA Biphasic 10 Hz QDC/CM 200 ms 60 7 8

Deley et al. 2005 [16] Maximum tolerated Biphasic 10 Hz QDC/CM 0.2 ms 60 5 5

Eicher et al. [17] NA NA 10 Hz QDC/GM 200 ms 30 7 3.5

Harris et al. [18] Visible muscle contraction NA 25 Hz QDC/GM NA 30 6 6

Karavidas et al. 2013 Visible muscle contraction NA 25 Hz QDC/GM NA 30 5 6

[19]

Aratjo et al. [20] NA Biphasic 20 Hz QDC 200 ps 120 7 2

Banerjee et al. [21] Maximum 300 mA NA 4 Hz QDC/HAM/ NA 60 5 8

GLUT/CM

Karavidas et al. 2008 Visible muscle contraction NA 25 Hz QDC/GM NA 30 5 6

[22]

Karavidas et al. 2006 Visible muscle contraction NA 25 Hz QDC/GM NA 30 5 6

[23]

Nuhr et al. [24] 25%-30% of maximum voluntary  Biphasic 15 Hz QDC/HM 0.5 ms 240 7 10

contraction symmetric
Quittan et al. [25] 25%-30% of maximum voluntary  Biphasic 50 Hz QDC/HM 0.7 ms 2wk:30; 5 8
contraction symmetric then 6
wk: 60

Groehs et al. [26] Visible muscle contraction Biphasic_ 10 Hz QDC/HM 150 60 7 10
symmetric

Sacilotto et al. [27] Visible muscle contraction Biphasic_ 50 Hz QDC NA 50 2 7
symmetric

Kucio et al. [28] Visible muscle contraction Biphasic 35 Hz QDC/TS NA 40 6 3
symmetric

Forestieri et al. [29] Maximum tolerated Biphasic_ 40Hz QDC 400-Us 60 2 length of
symmetric hospital

stay

Kadoglou et al. [30] visible muscle contractions Biphasic 25 Hz Gastrocne-  NA NA NA 6
symmetric mius

Ennis et al. [31] produce rhythmical contractions Biphasic_ 4-5Hz Leg muscle 620 ps NA NA 8
symmetric groups

NA = Not informed; QDC = Quadriceps; TS = triceps surae; GM = gastrocnemius; HAM = hamstrings; GLUT = gluteal
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Functional capacity

Sixteen studies [14-29,31] analyzed the impact of neuromuscular electrical
stimulation (NMES) on functional capacity. For the meta-analysis of this compari-
son, a random effects model was used (12 = 74%; df = 15; p = 0.00001), indicating subs-
tantial heterogeneity between studies. The results did not demonstrate a statistically
significant difference between the group undergoing NMES and the control group
in relation to functional capacity (difference between means = 12.06 meters; 95% CI:
-2.55 t0 26.66; Figure 2).

Quality of life

Nine studies [14,18,19,22,24,26-28,31] analyzed the impact of neuromuscular
electrical stimulation (NMES) on quality of life. For the meta-analysis of this compa-
rison, a random effects model was used (12 = 97%; df = 8; p = 0.00001), indicating high
heterogeneity between the included studies. The results demonstrated a statistically
significant difference between the group undergoing NMES and the control group in
terms of quality of life (difference between means = 4.20 points; 95% CI: 2.79 to 5.62;
Figure 3), suggesting the benefit of the intervention for this outcome.

( NMES Control Mean Difference Mean Difference \
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Araljo et al. 500 68 10 373 47 10 4.9% 127.00([75.77,178.23] —
Banerjee et al. 455 55 10 394 48 10 5.7% 61.00 [15.75, 106.25] _—
Deley et al. 2005 116 5 12 112 10 12 12.1% 4.00 [-2.33, 10.33) T
Deley et al. 2008 487 58 22 512 47 22 7.9% -25.00 [-56.19, 6.19] —
Dobsak et al. 435 112 15 483 120 15 2.5% -48.00 [-131.07, 35.07] ¢
Eicher et al. 480 56 12 497 29 12 7.1% -17.00([-52.68, 18.68] B
Ennis et al. 312 52 29 318 49 22 B.6% -6.00[-33.88, 21.88)] e
Forestieri et al. 293 35 24 266 49 25 9.3% 27.00[3.23, 50.77)
GCroehs et al. 304 25 15 320 22 15 10.7% -16.00 [-32.85, 0.85] I
Harris et al. 531 25 22 540 23 24 11.2% -9.00 [-22.92, 4.92] —

Karavidas etal. 2006 487 91 16 454 79 8 3.2% 33.00[-37.60, 103.60]

Karavidas et al. 2008 498 97 20 454 79 10 3.6% 44.00 [-20.84, 108.84] +
Karavidas etal. 2013 401 67 15 345 74 15 5.0% 56.00 [5.48, 106.52] —_————*
Kucio et al. 465 70 18 482 86 18 4.9% -17.00([-68.23, 34.23]
Nuhr et al 299 137 15 243 145 17 1.9% 56.00 [-41.76, 153.76)
Sacilotto et al. 445 100 15 353 159 9 1.4% 92.00 [-23.55, 207.55])
Total (95% CI) 270 244 100.0% 12.06 [-2.55, 26.66] e
[Ty 2 . 2 L2 L L 1 I
e T S S0 15 < 00000 -7 T o T
k g . . Favours [experimental] Favours [control] J
Figure 2 - Forest plot of the results of the meta-analysis
( NMES Control Mean Difference Mean Difference \
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Dob3ak et al. 31.4 4.8 15 27.3 6.3 15 12.4% 4.10 [0.09, 8.11) =
Ennis et al. 43.9 34.2 25 43.1 30.9 22 0.6% 0.80 [-17.81, 19.41]
Groehs et al. 43 3.8 15 25 2.5 15 37.7% 18.00 [15.70, 20.30] —
Harris et al. 25.5 4.6 22 31 3.7 24 33.9% -5.50[-7.93, -3.07] ——
Karavidas et al. 2006 17.1 11.9 15 37.9 16.5 15 1.9% -20.80 [-31.10, -10.50] +—m™
Karavidas et al. 2013 20 7.6 16 26.8 5.9 8 6.5% -6.80 [-12.33, -1.27] —_—
Kucio et al. 15.3 9.9 18 19.4 8.5 18 5.5% -4.10[-10.13, 1.93) e
MNuhr et al 53 20 15 66 22 17 0.9% -13.00[-27.55,155) ——
Sacilotto et al. 45 17 15 52 25 9 0.6% -7.00 [-25.46, 11.46]
Total (95% CI) 156 143 100.0% 4.20 [2.79, 5.62] ’
Heterogeneity: Chi* = 251.52, df = 8 (P < 0.00001); ¥ = 97% _2'0 _1'0 5 1=0 2I0
k Test for overall effect: Z = 5.83 (P < 0.00001) Favours [Control] Favours [NMES] j

Figure 3 - Forest plot of the results of the meta-analysis

Furthermore, a specific analysis was carried out, separating the effect of neu-
romuscular electrical stimulation (NMES) on functional capacity during hospitaliza-
tion and in phase 2 of cardiovascular rehabilitation (Figures 4 and 5).
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Functional capacity in hospital

Three studies analyzed the impact of NMES on functional capacity in hos-
pital settings. For the meta-analysis of this comparison, a fixed effects model was
used (12 =94%; df = 2; p < 0.00001), showing high heterogeneity between the included
studies. The results did not demonstrate a statistically significant difference between
the group undergoing NMES and the control group in relation to functional capacity
in the hospital environment (difference between means = 7.02 meters; 95% CI: -6.25
to +20.30; Figure 4).

( Experimental Control Mean Difference Mean Difference \
Study or Subgroup Mean SD Total Mean 5D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
Araljo et al. 500 B8 10 373 47 10 6.7% 127.00[75.77, 178.23] —t
Forestieri et al. 293 35 24 266 49 25 31.2% 27.00[3.23,50.77) —
Groehs et al. 04 25 15 320 22 15 62.1% -16.00 [-32.85, 0.85]
Total (95% CI) 49 50 100.0% 7.02 [-6.25, 20.30]
Heterogeneity: Chi* = 30.95, df = 2 (P < 0.00001); I* = 94% t } } |
Test m? ove::II effect: Z = 1.04 (P = t0 30 ] -100 -0 0 50 100
s ET - Favours [experimental] Favours [control]

N\ J

Figure 4 - Forest plot dos resultados da metanalise

Functional capacity in out-of-hospital scenario

Thirteen studies analyzed the impact of neuromuscular electrical stimulation
(NMES) on functional capacity in out-of-hospital settings. For the meta-analysis of
this comparison, a fixed effects model was used (1> = 53%; df = 12; p = 0.01), indicating
moderate heterogeneity between the included studies. The results did not demons-
trate a statistically significant difference between the group undergoing NMES and
the control group in relation to functional capacity in an out-of-hospital environ-
ment (difference between means = 2.12 meters; 95% CI: -3.20 to +7.45; Figure 5).

( Experimental Control Mean Difference Mean Difference \
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Banerjee et al. 455 55 10 394 48 10 1.4%  61.00 [15.75, 106.25] _—
Deley et al. 2005 116 5 12 112 10 12 70.8% 4.00 [-2.33, 10.33] i
Deley et al. 2008 487 58 22 512 47 22 2.9% -25.00 [-56.19, 6.19] +
Dobsak et al. 435 112 15 483 120 15 0.4% -48.00([-131.07, 35.07] +
Eicher et al. 480 56 12 4%7 29 12 2.2% -17.00[-52.68, 18.68] +
Ennis et al. 312 52 29 318 49 22 3.6% -6.00 [-33.88, 21.88]
Harris et al. 531 25 22 540 23 24 14.6% -9.00[-22.92, 4.92] —_— T

Karavidas et al. 2006 487 91 16 454 79 8 0.6% 33.00[-37.60, 103.60] +
Karavidas et al. 2008 498 97 20 454 79 10 0.7% 44.00 [-20.84, 108.84] Y
Karavidas et al. 2013 401 67 15 345 74 15 1.1% 56.00 [5.48, 106.52] _—

Kucio et al. 465 70 18 482 B6 18 1.1% -17.00 [-68.23, 34.23] +
Muhr et al 299 137 15 243 145 17 0.3% 56.00[-41.76, 153.76] +
Sacilotto et al. 445 100 15 353 159 9 0.2% 92.00[-23.55, 207.55]
Total (95% CI) 221 194 100.0% 2.12 [-3.20, 7.45]
Heterogeneity: Chi* = 25.76, df = 12 (P = 0.01): I = 53% —flfo _1'0 ) 110 2I0
K Test for overall effect: Z = 0.78 (P = 0.43) Favours [experimental] Favours [control] )

Figure 5 - Forest plot of the results of the meta-analysis
Discussion
Neuromuscular electrical stimulation (NMES) has been widely investigated

as a therapeutic tool to improve functional capacity, muscle strength and quality of
life in patients with chronic heart failure (CHF). This discussion analyzes the results
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of the included studies, which evaluated the impact of NMES in patients with stable
or decompensated CHF, addressing both the effectiveness of this approach and the
factors that may influence the observed outcomes.

The results of the reviewed studies consistently demonstrate that the distance
covered in the 6-minute walk test (6MWT) is a sensitive variable to the changes pro-
moted by NMES. Most studies reported significant improvement in patients’ func-
tional capacity, highlighting the work of Deley et al. [15] and Eicher et al. [17], who
demonstrated significant increases in the distance covered after using NMES. Deley
et al. [15], for example, observed an increase of 13.8% in the group undergoing NMES,
compared to 16.5% in the control group undergoing conventional exercise. Even more
impressive results were found by Sacilotto et al. [27], who identified an average incre-
ase of 120 meters in the distance covered after treatment with NMES.

This improvement can be explained by the ability of NMES to promote direct
muscle activation, without the need for significant voluntary effort. In patients with
significant muscle weakness, a common condition in advanced stages of CHF, electri-
cal stimulation allows activation of peripheral and respiratory muscles insufficiently
recruited during conventional physical activities, such as walking. Furthermore,
NMES can increase muscle efficiency, promote strength gains and reduce muscle fa-
tigue. This mechanism makes the intervention particularly relevant for individuals
who have difficulty activating muscles due to the limitations imposed by the disease.

Although both NMES and conventional exercise programs demonstrate be-
nefits on functional capacity, the impact of NMES appears to be more pronounced
in patients with reduced mobility or significant physical limitations. Studies such
as those by Groehs et al. [26] and Deley et al. [18] observed greater increases in the
6MWT after the application of NMES when compared to conventional interventions,
especially in individuals with advanced CHF or severe muscle weakness. These findin-
gs suggest that NMES may represent a more effective strategy for individuals unable
to perform traditional exercises adequately, contributing to reducing the functional
barriers imposed by the disease.

Despite the benefits observed in the preservation of muscle mass, muscle
strength and cardiorespiratory function, gaps remain related to the cellular and mo-
lecular mechanisms involved in the effects of NMES. The investigation of aspects
such as selective recruitment of muscle fibers, modulation of peripheral perfusion,
influence on tissue oxygenation and impact on metabolic and inflammatory pathwa-
ys may strengthen the scientific basis of this intervention. Furthermore, greater me-
chanistic understanding can contribute to the development of more specific thera-
peutic protocols, identification of subgroups of patients with greater potential for
benefit and greater safety in clinical application.

On the other hand, in patients with greater functional preservation and bet-
ter mobility, conventional training based on aerobic and resistance exercises, as des-
cribed by Dobsik et al. [14], presented results similar to or even superior to those of
NMES. The active mobilization provided by conventional exercise appears to be more
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efficient in maintaining and improving aerobic capacity and muscular strength in
individuals with less physical impairment. Therefore, although NMES may be parti-
cularly advantageous in patients with greater functional limitations, conventional
exercise remains a relevant strategy in patients with less advanced CHE. Thus, the
choice between NMES and conventional training depends mainly on the clinical sta-
ge of the disease and the physical limitations presented.

The variability of results observed between studies can be attributed to seve-
ral factors, particularly differences in NMES application protocols. Studies that used
higher stimulation frequencies, such as 50 Hz, as observed by Groehs et al. [26] and
Sacilotto et al. [27], showed better results related to muscle strength gains and im-
proved functional performance. Higher frequencies tend to produce more intense
and visible muscle contractions, enhancing relevant physiological adaptations. In
contrast, protocols with lower frequency or suboptimal intensity, such as those des-
cribed by Nuhr et al. [24] and Ennis et al. [31], showed reduced or non-significant ef-
fects. Therefore, the appropriate balance between frequency, intensity and duration
of stimulation seems to be crucial for maximizing therapeutic effects.

Additionally, the heterogeneity of NMES protocols identified among the in-
cluded studies, involving differences in stimulation frequency, session duration, cur-
rent intensity and total treatment time, makes it difficult to establish standardized
recommendations and may explain, at least partially, the divergent results found in
the literature.

Another factor potentially associated with results is the duration of the the-
rapeutic protocol. Longer protocols, such as those used by Karavidas et al. [22] and
Banerjee et al. [21], generally demonstrated more robust results. Continuity of stimu-
lation over weeks or months appears to be essential to promote sustained muscular
adaptations and lasting benefits. Short-term protocols can produce immediate ef-
fects, but they often do not maintain the gains obtained over time. Therefore, con-
sistent and prolonged use of NMES seems necessary to obtain more stable clinical
benefits in patients with CHF.

Improved quality of life also stood out as an important outcome identified in
the included studies. Although NMES has demonstrated a positive impact on func-
tional capacity, its effects on quality of life have shown greater variability. Studies
conducted by Groehs et al. [26] and Sacilotto et al. [27] observed a significant impro-
vement in this outcome, associated mainly with the reduction of symptoms such as
dyspnea and fatigue. These benefits may be related to improved muscular efficiency
and reduced functional overload. However, studies such as Harris et al. [18] and En-
nis et al. [30] did not identify significant differences between the groups, sugges-
ting that functional improvement alone may not be sufficient to promote significant
changes in psychological and emotional aspects, which often require a multidimen-
sional therapeutic approach.

Despite the promising results, some limitations must be considered. Many
included studies had a small sample size and high heterogeneity in stimulation pro-
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tocols, making direct comparisons between findings difficult [30,31]. Furthermore,
most investigations included patients in more advanced stages of heart failure, limi-
ting the generalization of results to populations with less clinical severity.

Therefore, future research should include more heterogeneous samples, cove-
ring different stages of heart failure, in addition to investigating ideal protocols for
intensity, frequency and duration of NMES. Additional studies should also explore
rehabilitation programs combining NMES and conventional exercise, seeking more
comprehensive and potentially more effective therapeutic strategies for this popula-
tion.

Conclusion

The results of this review indicate that neuromuscular electrical stimulation
(NMES) can provide benefits related to quality of life and, in some studies, promote
improvement in functional capacity, particularly in outcomes such as the 6-minute
walk test. However, when the data were grouped statistically, the impact on func-
tional capacity was not consistent between studies, showing divergence between
the narrative interpretation of individual findings and the results obtained through
quantitative analysis.

NMES appears to be particularly useful for patients with reduced mobility or
significant muscle weakness, offering therapeutic advantages not always achieved
through conventional exercise programs. However, NMES application protocols—
particularly regarding stimulation frequency and intensity—must be carefully ad-
justed to maximize potential clinical benefits. For patients with greater functional
preservation, conventional training remains an effective and valid strategy, and com-
bining it with NMES can enhance therapeutic outcomes. Thus, a multimodal appro-
ach—incorporating neuromuscular electrical stimulation, structured physical exer-
cise programs, and continuous monitoring of quality of life—may represent a more
comprehensive and appropriate strategy for the clinical management of patients
with chronic heart failure
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