Indonesian Journal of Cardiology

Indonesian ] Cardiol 2026:47

pISSN; 2830-3105 / elSSN: 2964-7304

doi: 10.30701/ijc. 1997

Review Article

Utilization of Neuromuscular Electrical Stimulation as a
Rehabilitation Strategy in Heart Failure with Reduced Ejection
Fraction: A Systematic Review and Meta-Analysis of

Randomized Controlled Trials

Bima Diokta Alparisi!, Samira Amanda?, Daniel Herman?,

'Research Assistant in Department of
Cardiology & Vascular, RSUD Arifin
Achmad, Pekanbaru, Indonesia.
Medical Education Program,
Faculty of Medicine Universitas Riau,
Pekanbaru, Indonesia.

3Clinical Clerkship, RSUD Arifin
Achmad, Pekanbaru, Indonesia.
“Staff in Department of Cardiology
& Vascular, RSUD Arifin Achmad,
Pekanbaru, Indonesia.

Correspondence:
Bima Diokta Alparisi,

Research Assistant in Department of
Cardiology & Vascular, RSUD Arifin
Achmad, Pekanbaru, Indonesia.

Email: bimadiokta2 | @gmail.com

Rosmaliana?, Irwan?, Haryadi*

Abstract

Heart Failure with Reduced Ejection Fraction (HFrEF) is associated
with substantial functional impairment, and many patients are unable
to participate in conventional exercise-based cardiac rehabilitation.
Neuromuscular Electrical Stimulation (NMES) has been proposed as
an alternative rehabilitation treatment, but its clinical effectiveness
remains uncertain. This review aims to evaluate the effectiveness
of NMES in improving cardiac function and exercise capacity in
patients with HFrEF. A systematic review and meta-analysis of
Randomized Controlled Trials (RCTs) was conducted in accordance
with Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. Studies comparing NMES with
standard medical therapy, exercise training, or no intervention in
adult patients with HFrEF were identified through major electronic
databases. Risk of bias was assessed using the Cochrane RoB 2.0
tool. Pooled effects were calculated as Mean Differences (MD) with
95% Confidence Intervals (Cls) using Review Manager (RevMan)
version 5.4. Twelve RCTs involving 636 participants were included.
NMES significantly improved peak oxygen uptake (VO, peak) (MD
2.03 mL/kg/min; 95% CI 1.21 to 2.84; p < 0.00001), systolic blood
pressure (MD —2.02; 95% Cl —3.97 to —0.06; p = 0.04), Left
Ventricular Ejection Fraction (LVEF) (MD —1.38%; 95% CI —2.73
to —0.03; p = 0.05), and Heart Rate (HR) (MD 2.19 beats/min; 95%
Cl 0.44 to 3.95; p = 0.01). A borderline significant improvement
was observed in the Six-Minute Walk Test (6MWT) distance (MD
—11.40 m; 95% Cl —23.04 to 0.24; p = 0.05). No significant
effects were found for diastolic blood pressure (MD —0.12; 95%
Cl —3.30 to 3.06; p = 0.94) or Minnesota Living with Heart Failure
Questionnaire (MLHFQ) scores (MD 1.97; 95% Cl —9.06 to 13.01;
p = 0.73). NMES is associated with meaningful improvements in
exercise capacity and selected parameters of cardiac function in
patients with HFrEF, supporting its role as a potential adjunct
rehabilitation treatment.
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Introduction

Heart with  Reduced  Ejection
Fraction (HFtEF) is a chronic clinical syndrome
characterized by impaired left ventricular systolic
function, resulting in insufficient cardiac output
and markedly reduced exercise tolerance. Beyond
central hemodynamic abnormalities, HFrEF is
accompanied by significant peripheral skeletal
muscle dysfunction, which contributes substantially
to functional decline, reduced quality of life, and
increased risk of recurrent hospitalization and
premature mortality."

Heart failure represents a major global health
burden, affecting an estimated 64 million individuals
wotldwide.” Approximately 40-50% of these cases
are classified as HFrEE, a subgroup associated
with particulatly high morbidity and mortality.*
In developed countries, heart failure accounts
for millions of hospital admissions annually, with
readmission rates approaching one-third within a
year.” Mortality among patients with heart failure
remains substantial, ranging from 10-15% annually,
while data from low- and middle-income countries
suggest an even higher burden. In addition to its
cardiovascular impact, HFrEF imposes profound
functional  limitations, with many patients
experiencing difficulty performing daily activities
such as walking, climbing stairs, and -carrying
loads, thereby reinforcing the need for effective
rehabilitation strategies.®”

Exercise-based cardiac rehabilitation is strongly
recommended for patients with HFrEF and has
consistently demonstrated improvements in exercise
capacity, quality of life, and hospital readmission
rates.® However, real-world participation in
rehabilitation  programs
suboptimal.® Advanced disease severity, frailty,
fatigue, comorbid conditions, and limited exercise
tolerance  frequently prevent patients
initiating or completing structured exercise training.
Consequently, a substantial proportion of patients
with HFrEF are unable to access the established
benefits of standard cardiac rehabilitation.’

Neuromuscular Electrical Stimulation (NMES)
has emerged as a clinically relevant alternative
rehabilitation strategy. By inducing involuntary
skeletal through
clectrical stimulation, NMES enables peripheral
muscle activation with minimal cardiovascular stress
and without requiring active patient participation."
These characteristics make NMES particularly
suitable for patients with advanced disease, severe
deconditioning, or limited mobility. Despite
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increasing clinical interest and
advances that have improved feasibility and safety,
evidence regarding the effectiveness of NMES
in HFtEF remains heterogeneous.”” Therefore,

technological

this systematic review and meta-analysis aimed to
evaluate the effectiveness of NMES in improving
cardiac function and exercise capacity in patients
with HFrEE.

Methods

Search Strategy

A comprehensive electronic literature search
was independently conducted by two reviewers
across PubMed, ScienceDirect, Google Scholar, the
Cochrane Library, Taylor & Francis, and LILACS
to identify Randomized Controlled Trials (RCTS)
evaluating NMES as a rehabilitation intervention
in patients with HFrEF Search strategies were
constructed using Boolean operators, combining
intervention-related terms (“neuromuscular
electrical stimulation” OR NMES), condition-
related terms (“heart failure with reduced ejection
fraction” OR HFrEF), and rehabilitation-related
terms (“rchabilitation” OR “cardiac rehabilitation”
OR “exercise therapy”).

The search was limited to randomized or
controlled clinical trials, with additional Boolean
filters applied. The literature search covered studies
published between January 2014 and May 2025, a
period selected to capture evidence generated under
contemporary guideline-directed management of
HFrEF and clinically relevant NMES protocols.
Standardized diagnostic criteria for HFrEF and
widely accepted functional outcomes, including peak
oxygen uptake and Six-Minute Walk Test (60MWT)
distance, were established during this timeframe
and remain applicable to current practice. The
complete database-specific Boolean search strings
are provided in Table 1. Only full-text articles
published in English or Indonesian were considered
eligible. This systematic review and meta-analysis
were conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines, and the protocol
was prospectively registered with PROSPERO
(registration number: CRD420251235578).
Eligibility Criteria

Eligible studies were selected based on predefined
criteria  encompassing study design, participant
characteristics, intervention, and comparator. Only
RCTs were included, as they provide the highest
level of evidence for evaluating intervention



effectiveness. Eligible articles were required to
be published in full text and written in English or
Bahasa Indonesia.

The study population consisted of adult
participants (=18 years) of both sexes diagnosed
with HFrEF, defined as a Left Ventricular Ejection
Fraction (LVEF) <40%, and classified as New
York Heart Association (NYHA) functional classes

Table 1. Search string.

II to IV. Studies were excluded if they enrolled
patients with implanted
clinically significant arrhythmias, peripheral arterial
disease, uncontrolled diabetes mellitus, unstable

cardiac  pacemakers,

angina pectoris, or chronic pulmonary disease, as
these conditions could interfere with the safety or
interpretation of NMES outcomes.

Database Search Field

Search String

PubMed Title/ Abstract + MeSH

(“Neuromuscular Electrical Stimulation”[Mesh] OR

“neuromuscular electrical stimulation”[Title/ Abstract] OR
NMES|Title/Abstract]) AND (“Heart Failure with Reduced
Ejection Fraction”[Title/ Abstract] OR HFrEF|Title/ Abstract])
AND (“Rehabilitation”[Mesh] OR rehabilitation|Title/ Abstract]
OR “exercise therapy”’[Mesh]) AND (randomized controlled
trial[Publication Type] OR randomized|Title/ Abstract])

ScienceDirect Title, Abstract, Keywords

(“neuromuscular electrical stimulation” OR NMES) AND

(“heart failure with reduced ejection fraction” OR HFrEF)
AND rehabilitation AND (randomized OR “controlled trial”)

Google Scholar All fields

“neuromuscular electrical stimulation” OR NMES AND

“heart failure with reduced ejection fraction” OR HFfEF AND

Cochrane Library  Title, Abstract, Keywords

rehabilitation AND “randomized controlled trial”
(“neuromuscular electrical stimulation” OR NMES) AND

(“heart failure with reduced ejection fraction” OR HFrEF)

Taylor & Francis All fields

AND (rehabilitation OR exercise)

(“neuromuscular electrical stimulation” OR NMES) AND

(“heart failure with reduced ejection fraction” OR HFrEF)

LILACS Title, Abstract

AND rehabilitation AND (randomized OR trial)
(“Neuromuscular Electrical Stimulation” OR NMES) AND

(“Heart Failure with Reduced Ejection Fraction” OR HFrEF)

AND rehabilitation

Selection Process

The reviewers conducted a duplication check
and screened titles and abstracts according to pre-
defined criteria in Figure 1.
Risk of Bias Assessment

The methodological quality of the included
RCTs was assessed using the Cochrane Risk of Bias
tool version 2.0 (RoB 2.0). Overall, most studies
were judged to have a low risk of bias across the
evaluated domains. Some trials exhibited minor
concerns, primarily related to deviations from
intended interventions and selective outcome
reporting, No study was considered to have a high
risk of bias in multiple domains. The detailed risk
of bias assessment for each study is presented in
Figure 2.
Effect Measures

Continuous outcomes, including peak oxygen
uptake  (VO, peak), 6MWT distance, LVEE

systolic blood pressure, and Heart Rate (HR), were
summatized as Mean Differences (MDs) with 95%
Confidence Intervals (Cls). Dichotomous outcomes,
such as all-cause mortality or hospitalization
events, were analyzed using Risk Ratios (RR) with
corresponding 95% Cls, where applicable. Statistical
significance was assessed using two-sided p-values,
and pooled estimates were presented graphically
using forest plots, with diamond symbols indicating
the overall effect across studies.
Synthesis Methods

Quantitative synthesis was planned using Review
Manager (RevMan) version 5.4, applying the inverse
variance method. A random-effects model was
prespecified as the primary analytical approach, with
fixed-effects models considered only in cases of low
statistical heterogeneity. Heterogeneity was to be
assessed using the 12 statistic. Continuous outcomes
were to be pooled as MD, and dichotomous

Indonesian | Cardiol Vol. 47 2026



Indonesian Journal of Cardiology

Records identified from{n =885) -
PubMed (n = 1 Records femoved before
m&umm) scroening:

Google Scholar (n = 234) »|  Duplicate records removed
Cochrane (n = 58) (n=78)

LILACS (n =32)
Taylor & Francis (n =290)

Records
(n=807) (n=782)

Reports sought for retrieval | Reports not retrieved

n=25) Tl (h=0)

Reports assessed for eligiblity Reports

(n=25) This study do not shed light on
the effectiveness and influence
of NMES on rehabilitation in
HFEF (n=13)

Studies included in review

(n=12)

Reports of included studies

(n=12)

Figure 1. Flow of literature search.
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Figure 2. Assessment of the risk of bias score using the Cochrane Risk of Bias Tool 2.0 (RoB 2.0).

Indonesian | Cardiol Vol. 47 2026



outcomes as RR, each with 95% Cls. Statistical
significance was evaluated using two-sided p-values,
and incomplete data were addressed by contacting
study authors where feasible.

NMES interventions were evaluated according
to predefined protocol characteristics, including
target muscle groups,
session duration, and intervention length. Control
conditions were defined as standard medical therapy,
exercise-based rehabilitation, sham stimulation, or
no additional intervention. Outcomes of interest

stimulation parameters,

included measures of exercise capacity, cardiac
function, health-related quality of life, and muscle
strength, assessed according to the follow-up
periods reported in each study.
Risk of Bias

The RoB 2.0 evaluation indicates that the majority
of the included studies exhibited a low risk of bias
across the majority of methodological domains.
However, a number of studies have highlighted
minor concerns in certain areas, particularly about
deviations from intended interventions and selective
reporting of outcomes, as illustrated in Figure 2.

Results
Study Selection

The systematic literature search identified a
total of 885 records across six electronic databases:
PubMed (n = 150), ScienceDirect (n = 121), Google
Scholar (n = 234), the Cochrane Library (n = 58),
LILACS (n = 32), and Taylor & Francis (n = 290).
After the removal of 78 duplicate records, 807
articles were screened based on titles and abstracts.
Of these, 782 records were excluded for failing to
meet the predefined inclusion criteria.

The full texts of 25 articles were subsequently
assessed for eligibility. Thirteen studies were
excluded following full-text review due to irrelevance
to NMES as a rchabilitation intervention in
patients with HFrEF or insufficient outcome data.
Ultimately, 12 RCTs met the eligibility criteria and
were included in the final qualitative and quantitative
synthesis. The study selection process is illustrated
in the PRISMA flow diagram Figure 1.

Study Characteristics

The final analysis included 12 RCTs conducted
between 2014 and 2022 across several countries,
including the United Kingdom, Japan, Switzerland,
Russia, Brazil, France, Greece, the Czech Republic,
and the Netherlands. Sample sizes ranged from
15 to 120 participants per study, with most study
populations consisting predominantly of older

adults, generally aged over 60 years. Both male and
female participants were included, and the severity
of heart failure ranged from NYHA functional class
II to IV.

Across all included trials, the intervention
consisted of NMES applied primarily to lower
limb muscle groups, the
quadriceps femoris, hamstrings, tibialis anterior,
and gastrocnemius muscles. The included studies

most commonly

evaluated a range of heart failure outcomes,
including measures of exercise capacity, cardiac
function, HR, and health-related quality of life.
Detailed characteristics of the included studies are
summarized in Table 2.

Meta-Analysis Results

A total of 12 RCTs were included in the
quantitative synthesis. Meta-analysis demonstrated
that NMES significantly improved exercise capacity
in patients with HFrEF. NMES was associated
with a significant increase in VO, peak compared
with control interventions (MD 2.03 mL/kg/min;
95% CI 1.21 to 2.84; p < 0.00001; I* = 47%). A
borderline but clinically relevant improvement was
also observed in the 6GMWT distance (MD —11.40
m; 95% CI —23.04 to 0.24; p = 0.05; I* = 23%).

Regarding cardiovascular parameters, NMES
was associated with a modest yet statistically
significant improvement in LVEF (MD 1.38%;
95% CI —2.73 to —0.03; p = 0.05). A significant
reduction in systolic blood pressure was observed
in the NMES group compared with controls (MD
—2.02 mmHg; 95% CI —3.97 to —0.06; p = 0.04; I*
= 50%), whereas no significant difference was found
in diastolic blood pressure (MD —0.12 mmHg; 95%
CI —3.30 to 3.06; p = 0.94; 1> = 80%). HR was also
significantly different between groups following
NMES intervention (MD 2.19 beats/min; 95% CI
0.44 to 3.95; p = 0.01; I* = 0%)).

Regarding cardiovascular parameters, NMES
was associated with a modest yet statistically
significant improvement in LVEF (MD 1.38%;
95% CI —2.73 to —0.03; p = 0.05). A significant
reduction in systolic blood pressure was observed
in the NMES group compared with controls (MD
—2.02 mmHg; 95% CI =3.97 to —0.06; p = 0.04; I*
= 50%), whereas no significant difference was found
in diastolic blood pressure (MD —0.12 mmHg; 95%
CI —3.30 to 3.06; p = 0.94; I* = 80%). HR was also
significantly different between groups following
NMES intervention (MD 2.19 beats/min; 95% CI
0.44 to 3.95; p = 0.01; I* = 0%)).
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Intervention Control

Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference
IV, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

Wou 2017 679 103 50 701 13 41 2.8% -2.20[-7.10, 2.70)

Poltavskaya 2018 123 0.78 8 10.35 1.08 B 77.0% 1.85[1.02, 2.88)

Saska 2014 682 2.2 23 €53 41 26 20.2% 2.90([1.09,4.71)

Total (95% CD 81 75 100.0% 2.03 [1.21, 2.84)

Heterogenehy: ChF = 3.78, df = 2 (P = 0.15); F = 47% ’-100 3 ) + 100:

Test for overall effect: Z = 4.87 (P < 0.00001) Favours [Control] Favours [Intervention]
Control Intervention Mean Difference Mean Difference

Study or Subgroup Mean SO Total Mean SD Total Weight IV, Fixed, 95% C1 IV, Fixed, 95% CI

Arenja 2021 293.6 1291 5 355 1873 4 0.3% -61.40[-277.03, 154.23)

Ennls 2017 220 147.1 30 257 125.1% 30 2.8% -37.00 -106.12,32.12) +

Groehs 2016 306 20 15 315 25 15 516X -9.00 [-25.20, 7.20) —& T

fioy 2017 513 106 41 524 101 S50 7.4%  -11.00 [-53.85, 31.85) —

Kodoglou 2017 237 140 &0 255 135 60 5.6% -18.00 [-67.21,31.21) — B

Pokavsiaya 2018 3095 33.16 B 305 16.56 8 20.6% 4.50 [-21.18, 30.18) —l

Pokavskaya 2022 236.82 54.73 23 2995 9105 22 7.0% -62.68 [-106.81, -18.55) +—

Sacioro 2017 353 158 9 445 100 15 1.0% =92,00 [-207.55, 23.55) ¢

Taraka 2022 173 81 16 155 9 15 3 18.00 [-42.41, 78.41)

Total (95% CI) 207 219 100.0% ~11.40 [-23.04, 0.24) -

Heterogeneity: Ch = 10.32, df = B (P = 0.24); F = 23X 5_100 r ) 50 loo’

Test for overall effect: Z = 1.92 (P = 0.05) Favours [Intervention] Favours [Control)
Control Intervention Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI C

Ennls 2017 126 17 30 118 16 30 55% 8.00 [-0.35, 16.35) [

Groehs 2016 106 5 15 111 6 15 245% -5.00 [-8.95,-1.05) -

ou 2017 1153 20 41 1098 188 S50 59% 5.50 [~2.54, 13.54)

Kodoglou 2017 125 15 60 126 15 60 13.3% =1.00 [-6.37, 4.37] o

Saciiotio 2017 103 16 9 115 66 15 0.3% -12.00 [-47.00, 23.00) [—

Soska 2014 112,02 52 26 1148 48 23 487%  ~-2.88 [-5.68, -0.08] B

Tanaka 2022 112 20 16 111 21 15 1.8%  1.00 [-13.46, 15.46) —_

Total (95% CI) 197 208 100.0%  -2.02 [-3.97, -0.06) L

Hewrogenelty: Ch = 12.05, df = & (P = 0.06); ¥ = 50% Hoo 0 50 100

Test for overall effect: Z = 2.02 (P = 0.04) Favours [Intervention] Favours [Control]
Control Interbention Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Rand 95% CI D

Arenja 2021 358 B8 5 346 46 4 21X 1.20 [-7.73, 10.13] ) e

Ennls 2017 21,7 12 30 39 11 30  4.4% -17.30[-23.13,-11.47] —

Forestierl 2017 0.25 003 25 0.27 004 24 23.8% =~0.02 [~0.04, <0.00]

oy 2017 294 6.7 41 319 44 50 13.97% =2.50 [-4.88, -0.11) 1

Kodoglou 2017 253 47 60 277 45 60 176X ~2.40 [-4.05, -0.75] b

Parissls 2014 28 25 15 273 3.2 15 153% 0.70 [-1.36, 2.76) 4

Soska 2014 31 14 26 305 13 23 221 0.10 [-0.66, 0.86)

Tanaka 2022 43.2 154 16 436 199 15 11X -0.40[-12.98,12.18] —

Total (95% CI) 218 221 100.0% -1.38 [-2.73, -0.03) [

Heterogenely: Tau* = 2.00; Ch¥* = 46.62, df = 7 (P < 0.00001); F = 85X oo =0 ) 50 100
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Figure 3. Results that have a significant effect of NMES on HFrEF rehabilitation. (A) VO, Peak, (B) 6
Minute Walking Test (60MWT), (C) Systolic Blood Pressure (SBP), (D) Left Ventricular Ejection Fraction
(LVEF%), (E) Heart Rate (HR).
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Figure 4. Results that have no significant effect of NMES on HFrEF rehabilitation (A) Minnesota Living
with Heart Failure Questionnaire (MLHFQ) Score, (B) Diastolic Blood Pressure (DBP).

Discussion

NMES confers significant benefits on exercise
capacity and selected cardiovascular parameters
in patients with HFrEE Pooled analyses showed
a robust improvement in peak oxygen uptake and
a borderline improvement in 6MWT distance,
alongside modest but significant improvements in
LVELF, systolic blood pressure, and HR. In contrast,
no significant effects were observed on diastolic
blood pressure or on health-related quality of
life, as assessed by the MLHFQ. These findings
indicate that NMES primarily improves objective
physiological and functional outcomes rather than
subjective patient-reported measutes.'**

The improvement in exercise capacity observed
with NMES highlights its key advantage in addressing
peripheral limitations that substantially contribute
to exercise intolerance in HFrEE. Beyond impaired
cardiac output, patients with HFrEF commonly
exhibit skeletal muscle atrophy, reduced oxidative
enzyme activity, and impaired peripheral perfusion,
all of which limit functional performance.** NMES
that
enhance muscle fiber recruitment, increase local
blood flow, and improve mitochondrial oxidative

induces involuntary muscle contractions

capacity, thereby improving aerobic efficiency
without imposing excessive cardiovascular stress."
This peripheral mechanism provides a plausible
explanation for the observed increases in VO, peak
and walking capacity. It supports previous evidence

suggesting that NMES can partially replicate the
physiological benefits of exercise in patients unable
to tolerate conventional training.”**

In addition to its peripheral effects, NMES
may exert favorable systemic and hemodynamic
influences. The observed reduction in systolic
blood pressure and modulation of HR suggest an
improvement in autonomic balance, particularly
through attenuation of heightened sympathetic
nervous system activity, which is a hallmark of
advanced heart failure.” Reduced sympathetic tone
may lower systemic vascular resistance and cardiac
workload, thereby indirectly supporting ventricular
performance.”® The modest improvement in LVEF
observed in this analysis likely reflects these indirect
neurohumoral and hemodynamic effects rather than
a direct inotropic action on the myocardium. The
absence of a significant effect on diastolic blood
pressure is consistent with the primary action of
NMES on muscle contraction and vascular tone
rather than ventricular relaxation dynamics.”

From a clinical standpoint, the findings of this
meta-analysis underscore the practical advantages
of NMES as an adjunct rehabilitation strategy
in HFrEEF. NMES can be delivered with minimal
physical effort, low cardiovascular strain, and high
feasibility across inpatient, outpatient, and home-
based settings. These characteristics make NMES
particularly valuable for patients with advanced
disease, frailty, or severe exercise intolerance
populations that are frequently excluded from
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conventional exercise-based cardiac rehabilitation
despite strong guideline recommendations.*>*’
While NMES should not be viewed as a substitute
for comprehensive cardiac rehabilitation, its ability
to improve objective functional and hemodynamic
parameters supports its selective integration into
individualized rehabilitation programs.”

Overall, this meta-analysis suggests that NMES
offers meaningful physiological and functional
benefits in patients with HFrEF, particularly
in improving exercise capacity and selected
cardiovascular measures. At the same time, its effects
on quality-of-life outcomes remain inconsistent.
These findings reinforce the role of NMES as a
supportive and accessible rehabilitation modality that
may help bridge the gap between guideline-based
recommendations and the real-world limitations of
rehabilitation in heart failure care.

Conclusion

NMES provides measurable benefits in patients
with HFrEF Based solely on pooled analyses, NMES
was associated with significant improvements in
peak oxygen uptake and a borderline improvementin
O6MWT distance. In addition, modest but statistically
significant improvements were observed in LVEE,
systolic blood pressure, and HR. No significant
effects were identified for diastolic blood pressure
ot health-related quality of life.

Taken together, these findings support the role
of NMES as a beneficial adjunct rehabilitation
intervention for patients with HFrEF, particularly
for those who are unable to engage in conventional
exercise-based rehabilitation.

List of Abbreviations
O6MWT Six-Minute Walk Test
CI Confidence Interval

HFrEF Heart Failure with Reduced
Ejection Fraction

HR Heart Rate

LVEF Left Ventricular Ejection Fraction

MD Mean Differences

MLHFQ Minnesota Living with Heart
Failure Questionnaire

NMES Neuromuscular Electrical
Stimulation

NYHA New York Heart Association

PRISMA Preferred Reporting Items for
Systematic Reviews and
Meta-Analyses

RCTs Randomized Controlled Trials

Indonesian | Cardiol Vol. 47 2026

RR
VO

2

Risk Ratio
Oxygen uptake

Ethical Clearance
Not applicable.

Publication Approval
All authors consent to the publication of this
manuscript.

Authors Contributions

All authors contributed substantially to the
conception, design, and intellectual development
of this systematic review and meta-analysis. BDA
led the study conceptualization, literature search
strategy, data extraction, statistical interpretation,
and manuscript drafting. SA and DH contributed
to data screening, risk-of-bias assessment, and
verification of extracted datasets. R and I supported
methodological validation and assisted in the
synthesis and interpretation of pooled outcomes.
H provided critical intellectual input, supervised the
overall research process, and revised the manuscript
for important scientific content and methodological
rigor. All authors critically reviewed and approved
the final version of the manuscript and agreed to be
accountable for all aspects of the work.

Acknowledgments

None.

Conflict of Interest

None.

Availability of Data and

Materials
Not applicable.

Funding

None.

Copyright/Permissions for
Figures

None.



Generative Al and Al-
Assisted Technologies in
the Writing Process

The authors acknowledge the use of generative
artificial intelligence (Al) tools solely for language
refinement and editorial  assistance  during
manuscript preparation. These tools were employed
exclusively to improve linguistic clarity, grammatical
accuracy, and academic tone. No Al-based system
was used to generate, interpret, or modify scientific
data, statistical analyses, or study conclusions. All
intellectual content, methodological
and interpretative analyses were independently
developed, critically evaluated, and validated by
the authors. The authors assume full responsibility
for the scientific integrity and accuracy of the

manuscript.

decisions,

References

1. Ziacian B, Fonarow GC. Epidemiology
and aetiology of heart failure. Nat Rev
Cardiol.  2016;13(6):368-78.  doi:10.1038/
nrcardio.2016.25

2. Heidenreich PA, Bozkurt B, Aguilar D, et
al. 2022 AHA/ACC/HFSA Guideline for
the Management of Heart Failure: A Report
of the American College of Cardiology/
American Heart Association Joint Committee
on Clinical Practice Guidelines. Vol 145.; 2022.
doi:10.1161/CIR.0000000000001063

3. James SL, Abate D, Abate KH, et al. Global,
regional, and national incidence, prevalence,
and years lived with disability for 354 Diseases
and Injuries for 195 countries and territories,
1990-2017: A systematic analysis for the
Global Burden of Disease Study 2017. Lancet.
2018;392(10159):1789-858. doi:10.1016/S0140-
6736(18)32279-7

4. MurphySP,IbrahimNE, Januzzi L. HeartFailure
with Reduced Ejection Fraction: A Review.
JAMA -] Am Med Assoc. 2020;324(5):488-504.
doi:10.1001 /jama.2020.10262

5. Jones NR, Roalfe AK, Adoki I, Hobbs FDR,
Taylor CJ. Survival of patients with chronic
heart failure in the community: a systematic
review and meta-analysis. Eur | Heart Fail
2019;21(11):1306-25. doi:10.1002/ejhf.1594

6. Niklasson A, Maher |, Patil R, et al. Living
with heart failure: patient experiences and
implications for physical activity and daily living.
ESC Hear Fail. 2022;9(2):1206-15. doi:10.1002/

8.

10.

11.

12.

13.

14.

15.

16.

ehf2.13795

Bozkurt B, Fonarow GC, Goldberg LR, et
al. Cardiac Rehabilitation for Patients With
Heart Failure: JACC Expert Panel. ] Am Coll
Cardiol. 2021;77(11):1454-1469. doi:10.1016/.
jacc.2021.01.030

Barriault A, Iftikhar U, Stone JA. Cardiac
Rehabilitation and Heart Failure with Reduced
Ejection Fraction: Pathophysiology, Benefits,
and Precautions. Can J Cardiol. 2024;41(3):443-
55. doi:10.1016/j.¢jca.2024.10.014

Epelde F. Optimizing Cardiac Rehabilitation
in Heart Failure: Comprehensive Insights,
Barriers, and Future Strategies. Medicina.
2024;  60(10):1583.https:/ /doi.org/10.3390/
medicina60101583

Saitoh M, dos Santos MR, Anker M, Anker
SD, von Haehling S, Springer J. Neuromuscular
electrical stimulation for muscle wasting in heart
failure patients. Int | Cardiol. 2016;225:200-205.
doi:10.1016/j.ijcard.2016.09.127

Kondo T, Yamada S, Tanimura D, et al
Neuromuscular electrical stimulation is feasible
in patients with acute heart failure. ESC Hear
Fail. 2019;6(5):975-82. doi:10.1002/ehf2.12504
Poltavskaya M, Sviridenko V, Giverts I, et al. In-
hospital electrical muscle stimulation for patients
early after heart failure decompensation: Results
from a prospective randomised controlled pilot
trial. Open Hear. 2022;9(2):1-8. doi:10.1136/
openhrt-2022-001965

Tanaka S, Kamiya K, Matsue Y, et al. Efficacy
and Safety of Acute Phase Intensive Electrical
Muscle Stimulation in Frail Older Patients with
Acute Heart Failure: Results from the ACTIVE-
EMS Trial. ] Cardiovasc Dev Dis. 2022;9(4).
doi:10.3390/jcdd9040099

Arenja N, Mueller C, Tomilovskaya E, Koryak Y,
Poltavskaya M, Saner H. Real-world experience
of feasibility and efficacy of electrical muscle
stimulation in elderly patients with acute heart
failure: A randomized controlled study. Int |
Cardiol. 2021;344(July):113-9. doi:10.1016/j.
ijcard.2021.09.062

Poltavskaya MG, Sviridenko VP, Kozlovskaya
IB, et al. Comparison of the Efficacy
of Neuromuscular Electrostimulation
and Interval Exercise Training in FEarly
Rehabilitation of Patients Hospitalized with
Decompensation of Chronic Heart Failure.
Hum Physiol. 2018;44(6):663-72. doi:10.1134/
S0362119718060087

1Ennis S, McGregor G, Hamborg T, et

Indonesian | Cardiol Vol. 47 2026



17.

18.

19.

20.

21.

22.

23.

24,

Indonesian | Cardiol

Indonesian Journal of Cardiology

al. Randomised feasibility trial into the
effects of low-frequency electrical muscle
stimulation in advanced heart failure patients.
BMJ] Open. 2017;7(8):1-8.  doi:10.1136/
bmjopen-2017-016148

Forestieri P, Bolzan DW, Santos VB, et al.
Neuromuscular electrical stimulation improves
exercise tolerance in patients with advanced
heart on
inotropic support use—randomized
controlled trial. Clin Rehabil. 2018;32(1):66-74.
doi:10.1177/0269215517715762

Iliou MC, Verges-Patois B, Pavy B, et al
Effects of combined exercise training and

failure continuous intravenous

electromyostimulation treatments in chronic
heart failure: A prospective multicentre study.
Eur ] Prev Cardiol. 2017;24(12):1274-82.
doi:10.1177/2047487317712601

Kadoglou NPE, Mandila C, Karavidas A, et al.
Effect of functional electrical stimulation on
cardiovascular outcomes in patients with chronic
heart failure. Eur | Prev Cardiol. 2017;24(8):833-
9. doi:10.1177/2047487316687428

Sacilotto MCB, Lavagnoli CFR, Silveira-
Filho LM, et al. A Simpler and Shorter
Neuromuscular Electrical Stimulation Protocol
Improves Functional Status and Modulates
Inflammatory Profile in Patients with End-
Stage Congestive Heart Failure. Int | Cardiovasc
Sci.  2017;30(6):484-95.  doi:10.5935/2359-
4802.20170064

Groehs R V., Antunes-Correa LM, Nobre TS,
et al. Muscle electrical stimulation improves
neurovascular control and exercise tolerance
in hospitalised advanced heart failure patients.
Eur J Prev Cardiol. 2016;23(15):1599-608.
doi:10.1177/2047487316654025

Parissis |, Karavidas A, Farmakis D, et al.
Efficacy and safety of functional electrical
stimulation of lower limb muscles in eldetly
patients with chronic heart failure: A pilot
study. Bur | Prev Cardiol. 2015;22(7):831-6.
doi:10.1177/2047487314540546

Soska V, Dobsak P, Pohanka M, et al. Exercise
training combined with electromyostimulation
in the rehabilitation of patients with chronic
heart failure: A randomized trial. Biomed Pap.
2014;158(1):98-106. doi:10.5507 /bp.2012.096
Méndez-Fernandez A, Fernandez-Mora
A, Bernal-Ramirez J, et al. Distinguishing
pathophysiological features of heart failure
with reduced and preserved ejection fraction:
A comparative analysis of two mouse models. |

Vol. 47 2026

25.

20.

27.

28.

Physiol. 2024;0:1-17. doi:10.1113/jp286410
Schwinger RHG. Pathophysiology of heart
failure. Cardiovasc Diagn Ther. 2021;11(1):263-
76. doi:10.21037/CDT-20-302

Blazevich AJ, Collins DEF Millet GY, Vaz
MA, Maffiuletti NA. Enhancing Adaptations
to  Neuromuscular Electrical Stimulation
Training Interventions. Exerc Sport Sci
Rew. 2021;49(4):244-252. doi:10.1249/
JES.0000000000000264

RI P, Ac N, Turcu D, Bn M, Sc S, Berteanu M.
Effects of neuromuscular electrical stimulation
in patients with heart failure - review Heart
failure and oxidative stress. ] Med Life.
2018;11(2):107-18. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC6101682/pdf/
JMedLife-11-107.pdf

Kucio C, Stastny P, Leszczyfiska-Bolewska B, et
al. Exercise-based cardiac rehabilitation with and
without neuromuscular electrical stimulation
and its effect on exercise tolerance and life
quality of persons with chronic heart failure.
J Hum Kinet. 2018;65(1):151-64. doi:10.2478/
hukin-2018-0045.



