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Introduction

Chronic heart failure (CHF) has both a poor prognosis

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).

The study included 22 patients older than 60 years admitted for decompensated CHE. 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).

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 6 MW'T
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.

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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contraindicated in acute heart failure and decompensated
CHFE. Thus, neuromuscular electrical stimulation

and high prevalence. The increasing number of patients
with CHEF 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

and unwillingness, particularly in more severe, older

of conditions, extremely low-stress tolerance,

patients and those out of training. In addition, exercise is
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(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 studyincluded 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 usinga 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+0.0S, 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
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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 S 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
(Mtm) 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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Table 1. Clinical characteristics of CHF patients

in pain sensitivity due to neuropathy. Two patients aged
68 and 85 years from Group 2 also refused to continue

Visible due to muscle discomfort, even with minimal stimulation
Maximum contraction .
tolerable of skeletal amplitude. ] ) ) )
Parameter NMES muscles 16 (72.7%) patients agreed to continue the stimulation
(n=8) in NMES training after the discharge. Two more patients in Group 1
(n=14) and one patient in Group 2 did not continue NMES. Thus,
Sex the compliance with NMES was 62.5 and 78.5% (p>0.05)
in the higher-intensity and lower-intensity groups,
Male 6 (75%) 5(35.7%) el
0.164 respectively.
Female 2 (25%) 9 (64.3%) The BP and HR response to NMES did not differ in the
Age, years 772[67;86]  77.8[68.5,78.5] 0289  two groups (Figure 1).
Patients in both groups significantly improved their
Weight, kg 80.0[63.5;102.5] 83.0[76.5;92.5] 0.234 . .
functional performance and experienced better general
BMI, kg/m? 28.0(268;31.7] 3395[22.5,361] 0172 ellbeing with longer SMWD. Patients of the two groups
AH 7(87.5%) 12 (85.7%) 0.12 did not differ significantly in the increase in distance
CAD 5 (62.5%) 10 (71.43%)  0.158 traveled and the VAS score (Table 3). All bed-bound
patients who did not perform 6MWD at admission were
AF 3(37.5%) 4(2857%) 0.3 . .
mobile, at least within the ward.
NYHA FC III 6 (75%) 11(78.57%) 0.1
NYHA FC IV 2 (25%) 2(1428%) 015 Discussion
LVEE, % 32.343.5 30.846.1 o1 The decreased physical performance in patients with CHF
is associated not only with cardiovascular reserves but also
Loop diuretics 8 (100%) 14 (100%) 0.16
ACE inhibitors/ 7 (87.5%) 13 (92.86%) 0.11 Table 2. Characteristics of NMES training courses
ARBs
Visible
Beta- 7 (87.5%) 13 (92.86%) 0.13 Maximum contraction
blockers P tolerable of skeletal
arameter NMES muscles P
0, 0
MRA 7(87.5%) 11(78.57%) 02 (n=8) RS
Statins 7 (87.5%) 11(78.57%)  0.159 (n=14)
Systolic BP, 128.6 140.0 . ?I“.m.ber of NMES 7.0[6.5;7.5] 9.0 [8.0;9.5] 0.1
median, mmHg [114.4;135.7]  [137.2;141.7] : raining Sessions
Diastolic BP, median Total duration . .
mmHg ' 81.8[70.1;868] 87.8[86.8;87.9] 0.18 of NMES, min 480[413;560]  540[525;560]  0.13
HR,
. 69.5[65.5;734] 65.1[64.3;65.1]  0.11 Refused NMES 1(12.5%) 2(14.3%) 0.1
median, bpm
No 6MWD 3(37.5%) 5(35.7%) 0.27 Would refuse
MWD if NMES 2 (24.5%) 1(7.7%) 0.1
before training, m 345 [305;435] 410 [380; 440] 0.1 could be continued
General Compliance
. 5(62.5% 11 (78.6% 0.14
welbeing before 5.0[4;5.5] 7.0[6.570] 0.1 with NMES (62.5%) (78.6%)
training, score Mean stimulation amplitudes by muscle groups, V
The data are presented in tables as the median and interquartile range front left thigh 20.0[17.4;22.9] 22.7[21.1;234] 0.1
and the absolute number (S) or the mean * standard error. :
k left thigh 20.0 | 15.6; 22. 19.6 [18.5;21.1 .1
CHEF - chronic heart failure; NMES — neuromuscular electrical backleft thig WO SEH2RE 96[18.5; 1 By
stimulation; BMI — body mass index; AH - hypertension; front left leg 23.8[16.5;24.9] 18.9[21.0;24.9] 0.1
CAD - coronary artery disease; AF — atrial fibrillation; back left leg 23.0[15.0;23.7] 19.8[19.8;21.3] 0.23
FC - functional class; NYHA - New York Heart Association; - -
LVEF - left ventricular ejection fraction; ACE — angiotensin- front right thigh 200[15.2;22.3] 19.7[19.7;21.1] ~0.14
converting enzyme; ARB - angiotensin II receptor blocker; back right thigh 21.0[15.0;22.4] 22.0[20.6;22.2] 0.178
MRA - mineralocorticoid receptor antagonist; . . .
BP — blood pressure; HR - heart rate; front right leg 23.0[16.5;23.7] 19.9[19.3;21.6] 0.13
6MWD - 6-minute walk distance; back right leg 22.2[16.2;23.6] 19.7[18.4;21.6] 0.195
VAS - visual analog scale. NMES - neuromuscular electrical stimulation.
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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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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.

Table 3. Changes in functional performance at end of treatment

6MWD before A6MWD before VAS before AVAS before
Parameter the cessation the cessation of training, the cessation the cessation of training,
of training, m % of the baseline of training, m % of the baseline
Maximum
tolerable NMES (n=8) 380.0 [340.0; 452.5] +7.3[5.6;17.6] 71[5.5; 8.5] 50.0 [40.0;7.5]
Visible contraction
of skeletal muscles 450 [417.5; 470.0] +9.8[7;9.9] 8.0 [8.0; 8.5] 28.6 [21.45; 30.97]
in NMES (n=14)
P 0.13 0.125 0.1 0.15

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

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
CHE 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
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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
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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 CHFE. Although it is inferior
in terms of the effects on peak oxygen consumption, it is not
inferior in terms of effects on muscle strength, 6SMWD 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 CHE. 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
asKondoetal. [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.

The article was received on 15/11/2020

REFERENCES

1. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS
etal. 2016 ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure: The Task Force for the diagnosis and treat-
ment of acute and chronic heart failure of the European Society of Car-
diology (ESC) Developed with the special contribution of the Heart
Failure Association (HFA) of the ESC. European Heart Journal.
2016;37(27):2129-200. DOIL: 10.1093/eurheartj/ehw128

2. Piepoli MF, Kaczmarek A, Francis DP, Davies LC, Rauch-
haus M, Jankowska EA et al. Reduced Peripheral Skeletal Mus-
cle Mass and Abnormal Reflex Physiology in Chronic Heart Fail-
ure. Circulation. 2006;114(2):126-34. DOI: 10.1161/CIRCULA-
TIONAHA.105.605980

3. Piepoli MF, Davos C, Francis DP, Coats AJ. Exercise training meta-
analysis of trials in patients with chronic heart failure (ExTraMATCH).
BMYJ. 2004;328(7433):189. DOL: 10.1136/bmj.37938.645220.EE

4. Arutyunov G.P., Kolesnikova E.A., Begrambekova Yu.L., Orlova Ya.A.,
Rylova A K., Aronov D.M. et al. Exercise training in chronic heart fail-
ure: practical guidance of the Russian Heart Failure Society. Russian
Heart Failure Journal. 2017;18(1):41-66. [Russian: ApyTionos I'I1.,
Koaecuuxosa E.A., Berpamb6exosa I0.A., Opaosa SI.A., Priaosa A.K.,
Aponos A.M. u Ap. PexoMeHAQLIUH ITO HAa3HAYEHUIO PUBNIECKUX Tpe-
HUPOBOK NAIIUEHTaM C XPOHHYECKOI CEPACYHOM HEAOCTATOYHOCTBIO.

28

Kypuaa Cepaeunas Hepocratounocrs. 2017;18(1):41-66.]. DOL:
10.18087/rhfj.2017.1.2339

5. Zizola C, Schulze PC. Metabolic and structural impairment of skele-
tal muscle in heart failure. Heart Failure Reviews. 2013;18(5):623-30.
DOI: 10.1007/s10741-012-9353-8

6. Sumin A.N. Local trainings using electrical stimulation of skel-
etal muscles in patients with CHF. Russian Heart Failure Jour-
nal. 2009;10(1):37-42. [Russian: Cymun A.H. Aokaabubie dusu-
JecKye TPeHHPOBKH C IPHMEHEeHHEeM SAKTPOCTHMYASIIIUU CKEAET-
Hpix Mpiny y 60oapabix XCH. XKypnaa Cepaeunast HepocTaTouHOCTS.
2009;10(1):37-42]

7. Sillen MJH, Speksnijder CM, Eterman R-MA, Janssen PP, Wa-
gers SS, Wouters EFM et al. Effects of neuromuscular electrical stim-
ulation of muscles of ambulation in patients with chronic heart fail-
ure or COPD: a systematic review of the English-language literature.
Chest. 2009;136(1):44-61. DOI: 10.1378/chest.08-2481

8. Poltavskaya M.G., Sviridenko V.P,, Kozlovskaya L.B., Brand AV,, An-
dreev D.A., Patchenskaya LV. et al. Comparison of the Efficacy of Neu-
romuscular Electrostimulation and Interval Exercise Training in Ear-
ly Rehabilitation of Patients Hospitalized with Decompensation
of Chronic Heart Failure. Human Physiology. 2018;44(6):67-78.
[Russian: IToatasckas M., Ceupupenxko B.IT., Kosaosckas U.B.,

ISSN 0022-9040. Kardiologiia. 2021;61(3). DOI: 10.18087/cardio.2021.3.n1457



§ ORIGINAL ARTICLES

Bpaua A.B., Auapees A. A., ITaruenckas H.B. u aop. CpaBHeHue a¢-
$EXTUBHOCTH HEMPOMBIIIEYHON SAEKTPOCTHUMYASILIUU ¥ HHTEPBAAb-
HBIX QpU3MIECKHIX TPEHUPOBOK B PaHHE peabHANTAIINY [TAIIUEHTOB, IO-
CIIUTAAHUSMPOBAHHBIX C AeKOMITEHCAI[Helt XPOHUIECKOM CepACIHOM He-
aocTarounoctH. Pusnosorus yeaosexa. 2018;44(6):67-78]. DOL:
10.1134/S0131164618060097

9. Arena R, Pinkstaft S, Wheeler E, Peberdy MA, Guazzi M, My-

10.

11.

ers J. Neuromuscular Electrical Stimulation and Inspiratory Mus-

cle Training as Potential Adjunctive Rehabilitation Options for
Patients With Heart Failure. Journal of Cardiopulmonary Reha-
bilitation and Prevention. 2010;30(4):209-23. DOI: 10.1097/
HCR.0b013e3181c56b78

Maggioni AP, Dahlstrém U, Filippatos G, Chioncel O, Cres-

po Leiro M, Drozdz J et al. EURODbservational Research Pro-
gramme: regional differences and 1-year follow-up results of
the Heart Failure Pilot Survey (ESC-HF Pilot). European Jour-
nal of Heart Failure. 2013;15(7):808-17. DOI: 10.1093/eur-
jhf/hft050

Sumin A.N. Cardiac Rehabilitation at the turn of the decade. Medical
business. 2011;4:43-9. [Russian: Cymun A.H. AKTyaAbHBIe BOPOCHI

ISSN 0022-9040. Kardiologiia. 2021;61(3). DOI: 10.18087/cardio.2021.3.n1457

12.

13.

14.

1S.

16.

u3HIEeCKOIT peabUANTALMH B KAPAMOAOTHH Ha py6eske AeCATHAETHIL.
Aeuebroe Aeno. 2011;4:43-9]

Nuhr M]J. Beneficial effects of chronic low-frequency stimulation

of thigh muscles in patients with advanced chronic heart failure. Europe-
an Heart Journal. 2004;25(2):136-43. DOI: 10.1016/j.hj.2003.09.027
Ploesteanu RL, Nechita AC, Turcu D, Manolescu BN, Stamate SC,
Berteanu M. Effects of neuromuscular electrical stimulation in pa-
tients with heart failure - review. Journal of Medicine and Life.
2018;11(2):107-18. PMID: 30140316

Cornelissen VA, Smart NA. Exercise Training for Blood Pressure:

A Systematic Review and Meta-analysis. Journal of the American Heart
Association. 2013;2(1):e004473. DOI: 10.1161/JAHA.112.004473
Ennis S, McGregor G, Hamborg T, Jones H, Shave R, Singh SJ et al.
Randomised feasibility trial into the effects of low-frequency electri-
cal muscle stimulation in advanced heart failure patients. BMJ Open.
2017;7(8):e016148. DOI: 10.1136/bmjopen-2017-016148

Kondo T, Yamada S, Tanimura D, Kazama S, Ishihara T, Shimojo M

et al. Neuromuscular electrical stimulation is feasible in patients

with acute heart failure. ESC Heart Failure. 2019;6(5):975-82. DOI:
10.1002/ehf2.12504

29



