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Comparison of different intensity  
modes of neuromuscular electrical stimulation 
in the rehabilitation of elderly patients 
with decompensated chronic heart failure

Aim	 To compare effects of neuromuscular electrostimulation (NMES) with various intensity of induced 
muscle contractions on its tolerance and effect on physical work ability in elderly patients admitted for 
chronic heart failure (CHF).

Material and methods	 The study included 22 patients older than 60 years admitted for decompensated CHF. NMES was 
performed from the 2nd or 3d day of stay in the hospital to the discharge from the hospital. Patients 
choose the stimulation regimen themselves based on the result of the first session: the high intensity 
to achieve maximum tolerable muscle contractions (group 1) or the lower intensity to achieve 
visible / palpable muscle contractions (group 2). Prior to the onset and after the completion of the 
training, the 6‑min walk test (6MWT) was performed and the general condition of the patient was 
assessed with a visual analogue scale (VAS).

Results	 More patients, mostly women, chose the less intensive NMES (14 vs. 8). The groups did not differ in 
age, comorbidity, and functional condition. Both groups achieved considerable increases in the 6MWT 
distance (7.3 [5.6; 176] and 9.8 [7.0; 9.9] %, respectively, p>0.05) and VAS scores without a significant 
difference between the groups. Among the patients who were compliant with continuing NMES after 
the discharge from the hospital, 69 % were patients of the group of the less intensive stimulation.

Conclusion	 The less intensive NMES (with achieving visible muscle contractions) was characterized by better 
tolerance and better compliance in elderly patients with decompensated CHF compared to the more 
intensive NMES (with achieving maximum contractions), but the less intensive NMES was not 
inferior to the more intensive NMES in effectiveness.
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Introduction
Chronic heart failure (CHF) has both a poor prognosis 

and high prevalence. The increasing number of patients 
with CHF is primarily due to the aging population, with 
its prevalence reaching 10 % or more among people older 
than 70 years [1].

CHF is accompanied by reduced tolerance to exercise 
caused not only by a decrease in cardiac output but also 
by structural and functional changes in skeletal muscles 
[2–5]. Graduated exercise, which helps to improve 
physical performance, quality of life, and even prognosis, 
is the main recommended rehabilitation method [4]. 
However, exercises have some limitations, including 
lack of conditions, extremely low-stress tolerance, 
and unwillingness, particularly in more severe, older 
patients and those out of training. In addition, exercise is 

contraindicated in acute heart failure and decompensated 
CHF. Thus, neuromuscular electrical stimulation 
(NMES) is being studied as an alternative, additional, or 
initial method of cardiac rehabilitation, which requires no 
efforts from patients, bears no significant hemodynamic 
load, but is relatively similar to physical exercises in terms 
of effects on muscle strength and exercise tolerance 
according to several authors. However, there is no 
universal approach to NMES. The applied techniques 
vary in duration, muscle involvement, characteristics 
of electrodes and stimulation pulses, as well as muscle 
contraction intensity [4, 6, 7].

Aim
Compare NMES of different intensities of stimulated 

muscle contractions in terms of tolerance its and effects 
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on physical performance in elderly patients hospitalized 
with CHF.

Material and methods
The study included 22 (11 male and 11 female) patients 

hospitalized in the University Clinical Hospital  No. 1 of 
I. M.  Sechenov First Moscow State University. Inclusion 
criteria were decompensated CHF and age over 60 years. 
Exclusion criteria were acute infectious or inflammatory 
diseases, documented venous thrombosis, clinically 
significant obliterating atherosclerosis of lower limb 
vessels and severe leg swelling that prevented effective 
myostimulation. The study met the ethical principles 
of the Declaration of Helsinki of the World Medical 
Association. All patients signed the informed consent to 
participate in the study.

Starting from days 2–3 in the hospital and until discharge, 
NMES was conducted in addition to the best possible drug 
therapies using a STIMULUS-01 LF device developed in the 
Russian State Scientific Center in the Institute of Biomedical 
Problems of the Russian Academy of Medical Sciences. This 
device generated symmetrical bipolar rectangular electrical 
pulses (1±0.05, 25±1 Hz, cyclic mode; 1±0.1 s stimulation, 
2±0.1 s pause). The muscles of the front and back of both 
thighs and lower legs were stimulated simultaneously. The 
NMES technique has been described in detail in a previous 
article [8].

Prior to the beginning of NMES, the acting mechanisms, 
objectives of the examination, usefulness of achieving 
significant muscle contractions, as well as the gradual 
increase of the stimulation amplitude to achieve the effect, 
were explained to patients, who were instructed to inform 
the physician about any discomfort and possible alterations 
of health. If patients had no more questions, they signed 
the informed consent. They also were told that they might 
discontinue the training at any time.

In the first training session, the amplitude of NMES 
was selected individually, taking into account strength of 
muscle response and pain threshold. On patient request, 
the amplitude increase was discontinued. After additionally 
motivating the patients and eliminating the interfering 
factors, an attempt was made to gradually increase the 
amplitude until the maximum tolerated, painless, effective 
muscle contraction, which was palpable and visible. If 
necessary, the intensity was corrected in general or by 
individual muscle groups. In the following training sessions, 
the selected amplitude of contraction was used as the basis. 
Once the patient had adapted, amplitude could be further 
increased to maintain the highest possible level of muscle 
contraction. Additional increases in amplitude were possible 
depending on the patient’s capabilities; alternatively, it 
could be reduced to previous values at the first request. After 

the first session, the patient was asked to choose whether 
the amplitude of contractions would be increased in the 
following sessions according to the described pattern to the 
maximum tolerated level (Group 1) or would remain at the 
level of palpable and visible contractions without a further 
increase (Group 2).

The first training session consisted of a trial and lasted 
30 minutes. Blood pressure (BP) and heart rate (HR) were 
measured prior to commencing stimulation and 10 to 15 
minutes following the beginning of the session. At this point, 
the patient’s condition was monitored and the intensity of 
contractions corrected if any discomfort was reported. The 
training sessions took place 5 times a week with gradually 
increasing duration to 90 minutes (n=2). The other group 
of patients refused to participated in increased session 
durations of more than 1 hour.

Following the end of a training session, the tolerance 
and efficacy were evaluated by changes in 6‑minute walk 
distance (6MWD) and subjective assessment of the patient’s 
wellbeing using a visual analog scale (VAS) from 0 (best) to 
10 (worst).

The statistical analysis of the obtained data was 
performed using the SPSS Statistics version 23.0 software 
suite. The data are represented as mean and standard error 
(M±m) and median. The Mann–Whitney U-test was used to 
analyze differences in the independent samples. Changes of 
the variables were estimated using the Wilcox rank test. The 
differences were statistically significant at p<0.05.

Results
Eight patients chose a more intensive training routine 

(Group 1), while fourteen chose a less intensive training 
routine (Group 2). The main characteristics of the two 
groups are presented in Table 1. Group 2 consisted 
mainly of women and individuals with a higher body mass 
index; however, patients of the two groups did not differ 
significantly by these and other characteristics. Three 
patients in Group 1 and five patients in Group 2 refused 
to perform 6MWD due to inability to walk a distance 
because of severe symptoms of CHF, concomitant 
musculoskeletal and nervous system pathologies, asthma 
and deconditioning.

Most patients had 6 to 9 training sessions; the groups 
did not differ by this indicator and the mean total duration 
of NMES. Although the achieved stimulation amplitude of 
all muscle groups was predictably higher in Group 1, the 
differences were statistically insignificant (Table 2).

One patient in Group 1 refused to continue NMES 
after the first session due to muscle pain the day after the 
session. It should be noted that this patient had increased 
the stimulation intensity to the highest levels during the 
procedure; this was most likely due to a significant decrease 
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in pain sensitivity due to neuropathy. Two patients aged 
68 and 85 years from Group 2 also refused to continue 
due to muscle discomfort, even with minimal stimulation 
amplitude.

16 (72.7 %) patients agreed to continue the stimulation 
training after the discharge. Two more patients in Group 1 
and one patient in Group 2 did not continue NMES. Thus, 
the compliance with NMES was 62.5 and 78.5 % (p>0.05) 
in the higher-intensity and lower-intensity groups, 
respectively.

The BP and HR response to NMES did not differ in the 
two groups (Figure 1).

Patients in both groups significantly improved their 
functional performance and experienced better general 
wellbeing with longer 6MWD. Patients of the two groups 
did not differ significantly in the increase in distance 
traveled and the VAS score (Table 3). All bed-bound 
patients who did not perform 6MWD at admission were 
mobile, at least within the ward.

Discussion
The decreased physical performance in patients with CHF 

is associated not only with cardiovascular reserves but also 

Table 1. Clinical characteristics of CHF patients

Parameter

Maximum 
tolerable  

NMES  
(n=8)

Visible 
contraction  
of skeletal 

muscles  
in NMES  

(n=14)

p

Sex

Male 6 (75 %) 5 (35.7 %)
0.164

Female 2 (25 %) 9 (64.3 %)

Age, years 77.2 [67; 86] 77.8 [68.5; 78.5] 0.289

Weight, kg 80.0 [63.5; 102.5] 83.0 [76.5; 92.5] 0.234

BMI, kg/m2 28.0 [26.8; 31.7] 33.95 [22.5; 36.1] 0.172

AH 7 (87.5 %) 12 (85.7 %) 0.12

CAD 5 (62.5 %) 10 (71.43 %) 0.158

AF 3 (37.5 %) 4 (28.57 %) 0.13

NYHA FC III 6 (75 %) 11 (78.57 %) 0.1

NYHA FC IV 2 (25 %) 2 (14.28 %) 0.15

LVEF, % 32.3±3.5 30.8±6.1 0.1

Loop diuretics 8 (100 %) 14 (100 %) 0.16

ACE inhibitors/ 
ARBs 7 (87.5 %) 13 (92.86 %) 0.11

Beta- 
blockers 7 (87.5 %) 13 (92.86 %) 0.13

MRA 7 (87.5 %) 11 (78.57 %) 0.2

Statins 7 (87.5 %) 11 (78.57 %) 0.159

Systolic BP,  
median, mmHg

128.6  
[114.4; 135.7]

140.0  
[137.2; 141.7] 0.13

Diastolic BP, median, 
mmHg 81.8 [70.1; 86.8] 87.8 [86.8; 87.9] 0.18

HR,  
median, bpm 69.5 [65.5; 73.4] 65.1 [64.3; 65.1] 0.11

No 6MWD 3 (37.5 %) 5 (35.7 %) 0.27

6MWD  
before training, m 345 [305; 435] 410 [380; 440] 0.1

General  
welbeing before 
training, score

5.0 [4; 5.5] 7.0 [6.5; 7.0] 0.1

The data are presented in tables as the median and interquartile range 
and the absolute number (5) or the mean ± standard error.  
CHF – chronic heart failure; NMES – neuromuscular electrical 
stimulation; BMI – body mass index; AH – hypertension;  
CAD – coronary artery disease; AF – atrial fibrillation;  
FC – functional class; NYHA – New York Heart Association;  
LVEF – left ventricular ejection fraction; ACE – angiotensin-
converting enzyme; ARB – angiotensin II receptor blocker;  
MRA – mineralocorticoid receptor antagonist;  
BP – blood pressure; HR – heart rate;  
6MWD – 6-minute walk distance;  
VAS – visual analog scale.

Table 2. Characteristics of NMES training courses

Parameter

Maximum 
tolerable  

NMES  
(n=8)

Visible 
contraction  
of skeletal 

muscles  
in NMES  

(n=14)

p

Number of NMES 
training sessions 7.0 [6.5; 7.5] 9.0 [8.0; 9.5] 0.1

Total duration  
of NMES, min 480 [413; 560] 540 [525; 560] 0.13

Refused NMES 1 (12.5 %) 2 (14.3 %) 0.1

Would refuse  
if NMES  
could be continued

2 (24.5 %) 1 (7.7 %) 0.1

Compliance  
with NMES 5 (62.5 %) 11 (78.6 %) 0.14

Mean stimulation amplitudes by muscle groups, V

front left thigh 20.0 [17.4; 22.9] 22.7 [21.1; 23.4] 0.1

back left thigh 20.0 [15.6; 22.6] 19.6 [18.5; 21.1] 0.167

front left leg 23.8 [16.5; 24.9] 18.9 [21.0; 24.9] 0.1

back left leg 23.0 [15.0; 23.7] 19.8 [19.8; 21.3] 0.23

front right thigh 20.0 [15.2; 22.3] 19.7 [19.7; 21.1] 0.14

back right thigh 21.0 [15.0; 22.4] 22.0 [20.6; 22.2] 0.178

front right leg 23.0 [16.5; 23.7] 19.9 [19.3; 21.6] 0.13

back right leg 22.2 [16.2; 23.6] 19.7 [18.4; 21.6] 0.195
NMES – neuromuscular electrical stimulation.
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with the functional capabilities of skeletal muscles. Disturbed 
perfusion, the effects of neurohumoral factors and inflammatory 
cytokines in the skeletal muscles contribute to the development 
of myopathy characterized by the transformation of myosin 
fibers, enlargement of apoptosis nuclei, deformation and 
swelling of myofibrils, decreased enzyme activity, a shift of pH, 
reduction of effective mitochondria, capillaries and reduced 
total muscle mass. As a result, muscle strength and tolerance 
decrease, while deconditioning progresses over time from an 
inability to perform usual exercises to limitations in self-care. 
Muscle dysfunction contributes to higher sympathetic tone 
and thus worsens the course of CHF [9]. Most patients with 
CHF are old / senile, who experience age-associated sarcopenia, 
a degenerative loss of muscle, deterioration of the muscle fiber 
quality and reduced strength of muscle contraction, which 

contributes significantly to the development of myopathy. For 
decompensated CHF, hospitalized patients are under the most 
unfavorable conditions, rapidly losing muscle mass due to 
lack of training. The result is a dramatic decrease in functional 
performance despite successful treatment of the underlying 
disease [10, 11]. Thus, in addition to standard drug therapy, it is 
necessary to include patients with CHF in cardiac rehabilitation 
programs. Patients with a combination of age-associated 
sarcopenia and cardiac pathology are usually deconditioned 
and unable to perform even minimal exercises indicated as a 
part of secondary prevention. For such patients, NMES is a 
valid option.

This method was first used in sports medicine, neurology 
and traumatology, where high-frequency NMES proved 
highly effective [12]. In CHF, given better tolerance and higher 

Table 3. Changes in functional performance at end of treatment

Parameter
6MWD before  
the cessation 
of training, m

Δ6MWD before  
the cessation of training, 

% of the baseline

VAS before  
the cessation  
of training, m

ΔVAS before  
the cessation of training, 

% of the baseline

Maximum  
tolerable NMES (n=8) 380.0 [340.0; 452.5] + 7.3 [5.6; 17.6] 7 [5.5; 8.5] 50.0 [40.0; 7.5]

Visible contraction  
of skeletal muscles  
in NMES (n=14)

450 [417.5; 470.0] + 9.8 [7; 9.9] 8.0 [8.0; 8.5] 28.6 [21.45; 30.97]

p 0.13 0.125 0.1 0.15

NMES – neuromuscular electrical stimulation; 6MWD – 6-minute walk distance; VAS – visual analog scale.

SBP – systolic blood pressure; DBP – diastolic blood pressure; HR – heart rate.  
The mean values are given for all variables. The numbers of the training session are presented on the horizontal 
axis, and the blood pressure measurements are shown on the vertical axis. The differences betwee
n successive measurements and between the groups are statistically insignificant.
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Figure  1. Assessment of the cardiovascular system response after each training session in the group  
of maximal tolerable neuromuscular electrical stimulation and the group of visible skeletal muscle contractions
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compliance, it is mainly low-frequency NMES that has been 
studied. The efficacy of NMES was investigated in several 
uncontrolled studies and randomized controlled trials that 
compared the stimulation with lack of training or stimulation 
simulation and conventional physical training [13]. These 
studies show NMES to be comparable with conventional 
physical exercise in patients with CHF. Although it is inferior 
in terms of the effects on peak oxygen consumption, it is not 
inferior in terms of effects on muscle strength, 6MWD and 
quality of life [13–16].

The NMES techniques used by various authors are very 
diverse, differing both in terms of the technical characteristics 
of stimuli and stimulation intensity. It is suggested that more 
intensive stimulation may be more effective but is less tolerable 
to patients than moderate-intensity NMES. Tolerability issues 
are particularly relevant in older, fragile and less motivated 
patients.

We have not found any studies in the literature that compare 
two effective NMES techniques of different stimulation 
intensity. Therefore, we compared the tolerability and efficacy 
of short in-hospital courses of higher intensity NMES with 
the maximum tolerable muscle contraction achieved, as well 
as comparing lower intensity NMES with visible and palpable 
muscle contraction in elderly patients hospitalized with 
decompensated CHF. The functional performance of patients 
significantly improved in both groups in terms of subjective 
assessment of their wellbeing and increased 6MWD without a 
significant difference between the groups being identified. Here, 
it should be noted that the amplitude of stimulation pulses in 
the higher intensity stimulation group insignificantly exceeded 
those in the lower intensity stimulation group.

The satisfactory toleration of both stimulation modes, 
which did not cause significant responses of BP and HR, was 

consistent with the findings obtained by other researchers, such 
as Kondo et al. [16].

However, patients who had an opportunity to choose the 
intensity of NMES, mostly selected a lower-intensity regimen. 
As a result, the compliance with higher intensity and lower 
intensity regimens was 62.5 and 78.6 % (p>0.05). Among 
patients who were willing to continue NMES training following 
discharge, 69 % chose a lower-intensity regimen.

Conclusion
In older patients with decompensated chronic heart 

failure, neuromuscular electrical stimulation of lower 
intensity (until visible muscle contraction) may be better 
tolerated than neuromuscular electrical stimulation of 
higher intensity (maximum tolerated muscle contraction) 
and is not less effective. Applying neuromuscular electrical 
stimulation of lower intensity may be a way to increase 
compliance with the rehabilitation programs in patients with 
chronic heart failure.

Limitations
Given the objective of the study, which assumed a 

comparison of two effective stimulation modes, there was no 
control group or placebo. The efficacy of NMES in patients 
with CHF had been shown previously in placebo-controlled 
trials. The small number of patients and short treatment 
duration may have affected the significance of differences 
between the patient groups in this pilot. Further studies are 
planned to include more patients and a placebo group.

No conflict of interest is reported.
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