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Application of neuromuscular electrical stimulation

of the lower limb skeletal muscles in the rehabilitation

of patients with chronic heart failure and chronic obstructive
pulmonary disease
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Increasing physical activity is a widely-known method of rehabilitation of patients with chronic heart failure (CHF)
and chronic obstructive pulmonary disease (COPD). However, what kind of procedure is to be applied if a patient suffers from
advanced heart or respiratory failure, cannot undertake physical exercise due to locomotor system disorders or is currently
undergoing respiratorotherapy? Recent research shows that neuromuscular electrical stimulation of the lower limb skeletal
muscles (NMES) may comprise an alternative to physical training in patients with CHF and COPD. The aim of this study is to sum-
marize the current state of knowledge on the use of NMES in cardiac rehabilitation of patients with CHF and pulmonary rehabili-
tation of patients with COPD. As demonstrated in recent research on the topic, NMES — due to forcing the muscles to activate
— increases exercise tolerance, muscle mass and endurance in patients with CHF and COPD. The beneficial effect of NMES on
blood circulation in the muscles, aerobic enzymes activity, functioning of the vascular endothelium, reduction of pro-inflamma-
tory cytokines concentration and increased quality of life has also been presented. It is to be accentuated that NMES treatment,
due to lesser physical exertion and, in turn, a decreased feeling of dyspnea are more comfortable for the patient than traditional
physical training. Moreover, NMES treatment, after foregoing training, can be applied at home. Potential side effects include
transient muscle pain and minor skin damage due to improper positioning of the electrodes. To summarize, NMES treatment is
well received by CHF and COPD patients and brings about increased exercise tolerance, as well as better quality of life. Devices
used for NMES therapy, due to progressive miniaturization, are easily accessible and relatively inexpensive.
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Background

Chronic heart failure (CHF) and chronic obstructive pulmo-
nary disease (COPD) have become a valid health problem on
a worldwide scale. The primary clinical symptoms of both CHF
and COPD, regardless of organ localization, etiology and patho-
physiology are a progressive decrease of exercise tolerance due
to the occurrence of dyspnea and fatigue during exercise. In the
first stage of the disease, these symptoms occur mainly dur-
ing strenuous physical exercise. As the disease progresses, the
symptoms begin to manifest during everyday activities, which
results in decreased self-reliance of the patients. Therefore, CHF
and COPD constitute a problem reaching far beyond the health
aspect, as the diseases affect the patients in their social func-
tioning, bringing about disability, lower quality of life and social
isolation. These factors, in turn, result in an increased number
of hospitalizations, which requires additional financial expendi-
ture.

Recently, in numerous publications, it has been suggested
that the application of physical training in the rehabilitation
of patients with CHF and COPD is safe and beneficial, with in-
creased physical endurance, as well increased oxygen consump-
tion at the peak of physical exertion, among the main benefits
[1, 2]. Physical training also increases the effects of ventilation.

This indicator may depend on decreased ergoreceptor activity
in the skeletal muscles and increased baroreceptor activity dur-
ing physical training [3]. Simultaneously, capillary placenta en-
largement in the skeletal muscles during physical training was
observed [4].

Physical training not only increases physical tolerance, but
also brings about a better quality of life, which is directly corre-
lated with health [5, 6]. The patients observe increased physical
fitness, mental well-being and perform their daily activities with
greater ease, which also results in a feeling of physical indepen-
dence and makes the symptoms of the disease less apparent.
However, it needs to be accentuated that in order for long-term
benefits of the therapy to manifest, the physical training and
therapy ought to become the patients’ lasting lifestyle change.

Allowedly, many patients with CHF and COPD also suf-
fer from locomotor disorders, which impede physical activity.
Moreover, patients with CHF and COPD cannot perform physi-
cal training due to advanced or exacerbated heart or pulmonary
failure. At times, patients also abort training due to discomfort
related to dyspnea.

Neuromuscular electrical stimulation (NMES) of skeletal
muscles consists in the application of an electrical current of ad-
equate characterization on skeletal muscles in order to invoke
specific reactions, such as:
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. increase in strength of a muscle,

e strengthening the muscle post-surgery or preventing
muscle atrophy or rebuilding the strength of a muscle
in cases of vast atrophy,

° re-education of motor control of a muscle,

e  gaining or increasing range of motion of a joint,

° increasing muscle endurance,

e changes in structure and function of a muscle.

Since the introduction of NMES in clinical practice, research-
ers have been looking for methods of application of this ther-
apy. Modern technology enables better choice and control of
stimulation parameters, and the devices become progressively
smaller, less expensive and more mobile. Therefore, increasing-
ly more research is being conducted on the application of NMES
in various diseases.

As suggested by current research, NMES of the skeletal mus-
cles of the lower limbs may provide a considerable alternative
to traditional physical training in patients with CHF and COPD in
periods of exacerbation of the disease or in patients with loco-
motor disorders who cannot undertake traditional movement
activities [7, 8].

Application of NMES in patients with chronic heart
failure

Research on the application of NMES in patients with chron-
ic heart failure was conducted on individuals with decreased left
ventricular ejection fraction with class Il or class Il NYHA symp-
toms. In rare cases, patients with class IV symptoms also par-
ticipated in the research. Some of the participants were either
after a heart transplant or qualified for heart transplant surgery
[9-20].

The research demonstrated that the application of NMES
in patients with CHF results in improvement of exercise toler-
ance indicators, such as: increased peak oxygen consumption,
increased anaerobic threshold, increased duration of exer-
cise tests and greater distance covered during the 6MWT test
[9-20]. After a series of NMES treatment sessions, increased
muscle endurance was also noted in patients with CHF [12]. The
strength of stimulated muscles increased by approx. 11-20% in
relation to the starting strength of the muscle. The observed
improvement of muscular strength applies to both isokinetic
[14, 21, 22] and isometric [21] contractions. It seems that these
changes are caused by the increase in aerobic enzyme activity
of skeletal muscles, which, in turn, leads to an increased oxida-
tive capacity [9, 12—14, 18]. Moreover, it was observed through
the biopsy procedure that due to the application of NMES, an
increase in type | muscle fibers occurs, which proves the evident
recalibration of the stimulated muscles in the direction of aero-
bic metabolism and endurance training [13].

Increased blood circulation in the stimulated muscle is an-
other effect of NMES [14]. This phenomenon may be related to
the improvement of the anti-inflammatory IL-10 cytokine to pro-
-inflammatory TNF cytokine relation observed after NMES ther-
apy, which may bring about beneficial, anti-inflammatory effects
in patients. Additionally, due to NMES treatment, a significantly
reduced number of distilled forms of adhesive molecules, such
as: intercellular adhesion molecule (sICAM-1) and vascular cell
adhesion molecule (sVCAM-1), occur as “end products” of the
interaction between active monocytes and endothelial cells. As
suggested by researchers, NMES is a method of training that im-
proves the endothelial function and increases exercise tolerance
in patients with CHF, thus breaking the vicious cycle between im-
proper peripheral inflammatory responses, nitric oxide metabo-
lism anomalies and vasculo-muscular dysfunction [9].

It is to be emphasized that neither increased concentration
of lactic acid nor increased activity of lactic dehydrogenase are
observed in the stimulated muscles [12]. On the other hand,
Dobsak et al. [15] have noted a minor, statistically insignificant
increase in creatine kinase and lactic dehydrogenase levels in

patients with advanced heart failure (with IV class NYHA symp-
toms) after the first week of stimulation. These changes, how-
ever, are suggested to be a reflection of the greater strain put
on untrained muscles in the beginning phase of NMES training,
similar to reactions taking place in healthy individuals during
physical exercise.

In the conducted research, large muscle groups of the low-
er limbs were stimulated. Simultaneous electrical stimulation
of the quadriceps and gastrocnemius muscles was performed
most frequently [9, 14, 18, 20, 21]. Simultaneous stimulation of
the quadriceps and the ischiotibial muscles [13, 22] or stimula-
tion of the quadriceps muscle exclusively was performed less
often [11, 21].

In all of the studied cases, an electric current of less than
50Hz was used, which is in accordance with the rules of per-
forming endurance training. Endurance training primarily af-
fects the slow-twitch, aerobic muscle fibers in patients with CHF.
The following values of electric current were used: 4 Hz [19], 10
Hz [10, 14, 16, 20], 15 Hz [13], 25 Hz [9, 12, 17, 18] and 50 Hz
[21, 22].

As far as endurance training is concerned, it is generally ad-
vised to perform short muscle contractions for high repetitions.
The contraction is then followed by a brief relaxation lasting
just as long as the contraction or 2-3 times longer. In patients
with CHF, the duration of muscle contraction was short and
amounted to approx. 2 seconds [13, 21, 22] or 56 seconds [9,
12, 17] with contractions lasting about 10 seconds [11] or even
20 seconds [14, 15] being used less often. The relaxation period
lasted as long as the contraction or 2-3 times longer at most
[13, 21, 22]. The treatment sessions were performed with vary-
ing frequency — at least 5 times a week [9, 16-19, 21, 22], up to
7 times a week in some cases [13-15,20]. A case was also noted
in which 2 sessions a day were performed [20] and one in which
the sessions were relatively less frequent — 3 times a week [11].

In two of the conducted meta-analyses, in which elec-
tric stimulation of the lower limbs and physical training using
a cycle ergometer or “supposed” electric stimulation on spe-
cific exercise tolerance indicators in patients with CHF were
compared, it was demonstrated that a lesser increase in peak
oxygen consumption (vozpeak), distance covered in the 6MWT
test and strength of thigh muscle contraction resulted from ap-
plying NMES in comparison to physical training. However, when
compared to “supposed” electric stimulation, NMES leads to
a greater increase of the abovementioned exercise tolerance in-
dicators. The results of both of the meta-analyses suggest that
NMES brings about improvement of exercise tolerance in pa-
tients with CHF, although not as significant as the improvement
resulting from traditional physical training [23, 24].

The conducted research also showed that the combina-
tion of classical cardiac rehabilitation (based on physical train-
ing) and NMES of skeletal muscles of the lower limbs does not
bring about significant improvements of exercise tolerance in
patients with CHF in comparison with traditional rehabilitation
[20]. These results may suggest that physical training is the most
important element of cardiac rehabilitation. Moreover, a con-
clusion can be drawn that NMES can be used as an alternative
form of rehabilitation in patients with advanced CHF (with class
IV NYHA symptoms) or in patients with CHF who cannot per-
form physical training due to disorders of the locomotor or ner-
vous system.

Application of NMES in patients with chronic
obstructive pulmonary disease

NMES of the lower limb skeletal muscles in patients with
COPD, as in the case of patients with CHF, is a relatively new
method of rehabilitation. NMES activates the muscles, forcing
them to contract, thus causing lower metabolic demand, which
puts less strain on the cardiovascular system than random ex-
ercise. This, in turn, causes lower ventilation demand, which
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reduces the risk of dyspnea. Patients with advanced COPD, as
well as patients suffering from temporary exacerbation of the
disease, experience intensified respiratory symptoms, such as:
dyspnea, coughing and decreased exercise tolerance, which are
one of the main factors causing the progression of the disease.
Exacerbation of the symptoms is also the main cause for abort-
ing physical training. Conventional training may be contraindi-
cated during exacerbation periods due to destabilization of the
respiratory system, decompensation of the circulatory system
and other dangerous clinical symptoms. In previous research
using electrical stimulation, it was proven that NMES is safe for
patients experiencing exacerbation of the disease, patients with
advanced COPD and even for patients undergoing respiratoro-
therapy [7].

Another important aspect of application of NMES is the re-
duction of anxiety experienced by the patients during and after
NMES treatment in comparison with traditional training sessions.
The reduction of anxiety enables the patients to break the emo-
tional barrier and eventually the spiral of inactivity, which, in ad-
vanced cases of COPD, often leads to disability or even death.

The number of clinical studies conducted heretofore is not
sufficient for unanimous conclusions to be drawn as far as the
role of NMES in pulmonological rehabilitation of patients with
COPD is concerned. However, the demonstrated results provide
a basis for implementing NMES in clinical practice in patients
with COPD [25-32].

The presented results do not allow for one particular pro-
tocol of NMES of skeletal muscles in patients with COPD to be
created. Assuming one uniform protocol for all cases of patients
with COPD remains impossible, as various electric current val-
ues tailored to the specific needs and reactions of a particular
patient need be determined in each case. Nevertheless, an out-
line of a general NMES protocol has emerged. The treatment
sessions were focused primarily on large muscle groups of the
lower body, in most cases the quadriceps muscles of both legs
[25, 28-30] or, simultaneously, the quadriceps and the triceps of
the calf [26, 32], the quadriceps and the glute muscles [27], the
quadriceps and the popliteus muscle [26, 31].

Biphasic, symmetric impulses lasting from 0.3 to 0.4 ms, ap-
pearing at a frequency of 35 and 50 Hz, were preferred. These
values were well tolerated by the patients. A minor span of du-
ration of a single impulse was used in the research. Impulses
ranging from 300-400 ps are recommended for stimulation of
large muscle groups, such as the quadriceps or the gastrocne-
mius muscles. In the presented research, an electric current of
50 Hz [25, 26, 28] and 35 Hz [27] was used. One of the studies
did not specify the value of the current applied [29]. The aim of
using these specific values was to change the muscle phenotype
through achieving maximal activation of slow-twitch, fatigue-
resistant muscle fibers.

Transient contractions of the muscles were evoked using
high repetitions in accordance with the rule in which the dura-
tion of the contraction in relation to the relaxation of the muscle
ought to be similar to the one occurring during classical endur-
ance training. Following a series of contractions, a pause ad-
justed to the level of fatigue of the patient occurred. A study by
Neder et al. [25], who applied a 2/8 second ratio for 15 minutes
during the first week, a 5/25 second ratio for 30 minutes during
the second week and a 10/30 second ratio for 30 minutes dur-
ing the third and following weeks, served as a model for other
authors. However, the acquired data does not point to which of
the abovementioned ratios of contraction and relaxation is op-
timal for reaching the desired effect without causing excessive
fatigue of the muscles.

A single session lasted, respectively: 15 minutes [25, 26],
25 minutes [28], 30 minutes [25, 26, 27, 29], 35 minutes [28]
and 60 minutes [26]. The sessions were usually performed 5
[25-29] or 4 [7] times a week. The total time of NMES applica-
tion amounted to 4, 5 or 6 weeks [25-32]. The value of electric
current used depended on the specific tolerance of the patient.
The aim was to achieve apparent, clearly perceptible contrac-
tion of the muscles.

Taking into account that about 80% of patients with an ad-
vanced stage of COPD suffer from muscle atrophy, resulting in
decreased exercise tolerance, electric stimulation may serve as
a method subsidiary to physical training, especially useful during
periods of exacerbation. The possibility to regain and develop
strength or endurance (depending on needs) with the use of this
method may result in increased exercise tolerance. Moreover,
a decreased feeling of dyspnea and fatigue is proven to be an-
other benefit of electrical stimulation. In three [25, 26, 28] of the
eight previous studies, electric stimulation did not result in in-
creased exercise tolerance, as opposed to the other five. Only one
of the studies linked NMES to pulmonological rehabilitation [29].

Summary

To sum up the information on the positive effects of apply-
ing NMES treatment in patients with CHF and COPD, it can be
assumed that NMES causes changes in exercise tolerance simi-
lar to those related to traditional physical training. However, it is
to be accentuated that NMES training requires less strict medi-
cal supervision and can even be performed by the patients at
home. NMES is well tolerated by patients, and the devices used
for NMES treatment are inexpensive and easily available. No
pain, skin damage or exacerbation of current health conditions
were noted during NMES treatment. No side effects, such as
disruptions of blood pressure or heart rate, were also observed
during treatment. Furthermore, NMES does not cause excessive
fatigue or damage of the muscle fibers.
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