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Exercise training combined with electromyostimulation in the rehabilitation
of patients with chronic heart failure: A randomized trial

Vladimir Soska?, Petr Dobsak®, Michal Pohanka®, Lenka Spinarova®, Jiri Vitovec, Jan Krejci¢, Petr Hude<, Pavel Homolka®,
Marie Novakova®, Jean-Christophe Eicher, Jean-Eric Wolf¢, Ladislav Dusek’, Jarmila Siegelova®

Aim. Both aerobic training (AT) and electromyostimulation (EMS) of leg muscles improve exercise tolerance in patients
suffering from chronic heart failure (CHF). It was speculated that combination of both methods might have an addi-
tive effect. This study was performed to evaluate the effects of a combination of AT and EMS in rehabilitation (RHB) of
CHF patients.

Patients and Methods. Patients (n=71; age 59+10.2 yrs, NYHA II/Ill, EF 32+7.1%) were randomized into 3 groups: a)
group AT, b) group EMS, and c) group AT+EMS. AT protocol included standard activity on bicycle 3x a week at the level
of individual anaerobic threshold. EMS (10Hz, mode 20s “on"/20s “off") was applied to leg extensors for 2 h/day. Total
time of given type of RHB was 12 weeks.

Results. Data analysis revealed statistically significant improvements of patients in all experimental groups (averaged
difference after 12 weeks of exercise as related to initial value: AVOZPeak: +12.9%, AVO,,: +9.3%, AWpeak: +22.7%). No
statistically significant difference among experimental groups was found. Quality of life (Minnesota Living with Heart
Failure - MLHF) global score was significantly improved in all 3 groups: AT (AMLHF: -27.9%; P=0.001), AT+EMS (AMLHF:
-29.1%; P=0.002), and EMS (AMLHF: -16.6%; P=0.008). MLHF score in EMS group showed the smallest time-related
improvement compared to AT and AT+EMS groups, and this difference in improvement between the groups was
statistically significant (P=0.021).

Conclusion. No significant difference was found between the two types of exercise training.and nor did, their combi-
nation have any significant additional improvement.
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INTRODUCTION adequate physical activity’. These measures are insepara-
bly related to cardiovascular rehabilitation (RHB), which

Congestive chronic heart failure (CHF) is a frequent,  effectively contributes to optimizing the entire treatment.
gradually progressing and life-threatening disease occur- Thus, RHB represents today the standard non-pharma-
ring in 2% of the adult population in developed countries.  cological strategy and aerobic exercise training (ET) is
Its incidence increases to 6-10% for populations above a generally accepted tool for improving exercise toler-
65 years of age!. General deconditioning and the func- ance and CHF patients’ prognosis'®'?. The first reports
tional limitations in CHF are the results of the increas- on the use of electromyostimulation (EMS) for RHB in
ing number of pathophysiological changes caused by = CHF patients appeared almost 15 years ago'’; at pres-
ventricular dysfunction and peripheral changes?3. These ent, there are sufficient arguments for using EMS as an
peripheral changes include extensive morphological and  alternative to classical training, in particular in patients
functional abnormalities of skeletal muscles, especially  with advanced stages of CHF (ref.!*). EMS and voluntary
loss of muscle mass, decreased number of type I (slow  muscular contractions (VMC) during bicycle training are
fibers), and reduced terminal microcirculation density**.  two different methods of activating muscle fibers. They
At the metabolic level, muscular abnormalities are char-  both cause a number of acute changes at the level of the
acterized by a decrease in the number of mitochondria  neuromuscular system (exercise training on bicycle is a
and decline in their oxidation capacity®s. Current treat- dynamic exercise, while EMS is a rather static exercise).
ment of heart failure (CHF) encompasses not only ap-  Therefore, long-term application of either type of muscle
propriate pharmacotherapy but also meticulous education  activation causes various types of resulting muscular adap-
consisting in changing patient’s life style and performing  tation. It can be presumed that using the combination of
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both types of exercise may lead to cumulative adaptation
in the given muscle, as well as to higher overall efficiency.
This presumption is confirmed by a few studies on the
combination of EMS and VMC, in the area of muscle
rehabilitation and regeneration after surgery'!'¢. From
this perspective, achieving a higher training benefit for
CHF patients would be of great importance, but to date
the effects of ET + EMS combination in these patients
have not been reported. The main purpose of this study
was to evaluate the effects of the combination of standard
aerobic training (AT) and the low-frequency EMS in the
rehabilitation of patients with CHF of moderate grade.

PATIENTS AND METHODS

Before inclusion into the study, all patients underwent
a spiroergometric test to evaluate their cardiopulmonary
performance. Peak oxygen consumption (VOzpeak) was
measured during gradually increasing load using a spi-
roergometric system (Power Cube, Ganshorn® Medizin
Electronic, Niederlauer, Germany) with an integrated
12-lead ECG (AT-104 PC, Schiller®, Baar, Switzerland)
and a bicycle ergometer (Ergoselect 200, Ergoline®,
Bitz, Germany). Spiroergometric test was done up to the
peak of individual functional capacity. A ramp protocol
was used. Patients were instructed to maintain a stable
RPM (60 rev.min™) and the workload was automatically
increased gradually from 0 to the tolerated maximum
(W.min'). HR was continuously and automatically record-
ed during the test, and BP was measured manually every
2 min. Standard ventilation and respiratory gas exchange
parameters (VO,, VCO,, ventilation - VE) were mea-
sured using the “breath by breath” method, VO, . was
expressed as the highest value of O, reached in the last 30

s of exercise. Peak HR (HRpeak) and peak workload (Wpeak)
were determined in the same way. Anaerobic threshold
(VO,,,) was determined by a standard method accord-
ing to Wasserman'’. The spiroergometer was calibrated
individually for each patient. Each test was performed
by a physician and a specially trained nurse. An identical
protocol for the spiroergometric test was also used after
completion of the RHB program. Eighty-six patients with
moderate CHF were enrolled. After recruitment and ini-
tial testing, eligible patients signed the informed consent.
Patients were randomly assigned to 3 groups: a) group
with aerobic training (AT); b) group with electromyo-
stimulation (EMS); and c) group with combination of
aerobic training and electromyostimulation (AT+EMYS).
The experimental design including randomization plan
was set up in statistical package SPSS (IBM Corporation,
2008). The final randomization procedure (3 arms, com-
plete random selection of cases) was customized in a local
table processor as random number generator. The study
protocol was approved by the local Ethics Committee and
conformed to the principles outlined in the Declaration
of Helsinki (revised 2008 in Seoul) and to the GCP guide-
lines of the European Community.

Inclusion criteria: symptomatic stability, NYHA II-III,
coronary stenosis identified by angiography, LVEF <40%,
and optimized pharmacological treatment (unchanged for
2 months before and throughout the study). Exclusion
criteria: unstable angina pectoris, cardiac pacemaker,
evolutive ventricular dysrhythmia, intermittent claudica-
tion, diabetes mellitus, and chronic broncho-pulmonary
disease.

Patients in the AT group (n=29) completed a stan-
dard AT on electromagnetically braked bicycle ergometers
(REHA E900, Ergoline®, Bitz, Germany) controlled by
computer program (ErgoSoft® AG, Switzerland). The

eligible subjects
n =286

excluded (n =0)

RANDOMIZATION (n = 86)
random start of RHB with
AT or EMS or AT + EMS

v
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Fig. 1. Flow chart show-
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domization procedure.
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training protocol included an initial warm-up phase (10
min), interval AT (40 min) and a cool-down phase (10
min). Interval training alternate pedaling with the deter-
mined load (1 min) and pedaling without load (2 min).
This training protocol was performed only during the ini-
tial 2 weeks. During the following 10 weeks, interval AT
was shortened to 20 min and 20 min of resistance training
(RT) were added. RT included 3 standard exercises: pulley
lifting, leg extension and bench press. Load intensity for
RT was always determined individually using 1-RM (one
repetition maximum) test. Before RT, all patients com-
pleted a practice session to learn how to use correctly the
exercise equipment and how to prevent Valsalva maneuver
during the exercise. Initial RT intensity was set to 30% of
1-RM; then, it was gradually increased to the final 60%
of 1-RM. Each of the RT exercises was always performed
in three sets of 10 repetitions each (with 1 min pause
between the series). AT was performed regularly three
times per week (Monday - Wednesday - Friday) during
the same time period from 10:00 to 12:00 AM for the
entire period of 12 weeks.

Patients in the EMS group (n=29) underwent trans-
cutaneous EMS of lower limb extensors at home. The
quadriceps and calf muscles of both legs were stimulated
using adhesive electrodes 80 x 130 mm (PALS® Platinum,
Axelgaard, Denmark) and portable battery-powered stim-
ulator (REHAB X-2, Cefar®, Malmo, Sweden). EMS was
always performed 2 x 60 min per day, 7 day per week for
the entire period of 12 weeks. Technical parameters of the
stimulation were selected as follows: two-phase electric
current with 10 Hz frequency, in “on-off” operation mode
(20 s of contraction, 20 s of relaxation) and maximal
amplitude of 60 mA. The first application of EMS was
performed in hospital under medical supervision. After
familiarization with the stimulation technique and the cor-
rect placement of electrodes, patients continued with the
EMS at home. The intensity of stimulation was progres-
sively increased to cause a visible contraction tolerable
by the patient (the stimulation intensity during the first
2 weeks was 30-40 mA, and then it was increased to the
target level of 60 mA which was not changed until the
end of rehabilitation period). Patients regularly (1x/week)
submitted the stimulators and electrodes for technical in-
spection at the clinic.

Patients in the AT + EMS group (n=28) performed
standard bicycle AT according to a protocol identical
to that of the AT group. In addition, these patients ap-
plied EMS using the technical equipment and stimulation
protocol identical to that of the EMS group. EMS was
performed at home only on the days without supervised
aerobic training on bicycle (4 times a week) for the total
period of 12 weeks.

The influence of the RHB program on the quality of
life (QoL) was evaluated using a Czech version of the
Minnesota Living with Heart Failure (MLHF) question-
naire (21 items). At the end of the rehabilitation period
(12 weeks), a new evaluation of all functional parameters
and the QoL identical to the initial assessment was car-
ried out.
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Statistical data analysis

The data were analyzed according to Eng'®. Frequency
analysis, estimates of arithmetic mean and standard error
were used as summary statistics describing primary data.
Prior to any parametric data processing, the normality
of sample distribution (Shapiro-Wilk’s test) and homoge-
neity of variance (Levene’s test) was verified. Pearson’s
correlation coefficient was used as a measure of mutual
correlation between original parameters as well as mea-
sure of correlation between the differences in values due
to experimental exercise. ML-x? test (categorical vari-
ables) and one-way ANOVA model (continuous variables)
were applied for comparison of initial patient character-
istics among experimental variants. Repeated measure
ANOVA model was applied as principal method evaluat-
ing outcomes of experiments with model design including
experimental groups (AT, EMS, AT+EMS as indepen-
dent, effect component) and sampling in different time
points (as dependent, pair-wise component). Statistical
significance of differences among experimental groups
was tested as independent component of rmANOVA
model. Greenhouse-Geisser correction was applied to cor-
rect violation of sphericity assumption in case of testing
repeated measures effect. For detailed mutual compari-
son of experimental variants with control group, Dunnet’s
post hoc test (independent comparisons) and pair-wise
t-test (pair-wise comparisons) were used. Patients were
considered as “responders” to exercise training if they
reached >10% increase in VOzpeak. Statistical analyses were
computed using SPSS 19.0.1 (IBM Corporation, 2010).
A value P<0.05 was accepted as boundary of statistical
significance in all applied tests.

RESULTS

A total of 86 patients were included in the study. Only
71 of them completed the 12-week rehabilitation train-
ing cycle. Evaluation was done for 26 patients in the AT
group (3 did not complete), 23 in the EMS group (6 did
not complete), and 22 in the AT + EMS group (6 did
not complete). A total of 15 patients finished the train-
ing program prematurely. The reasons for not completing
were: loss of motivation (7 cases), 6 patients admitted ir-
regular EMS application for a period longer than 1 week,
and 2 patients ended RHB due to a change of residence.
Patients in the EMS group and those with the combi-
nation AT+EMS who completed the entire training pro-
gram tolerated EMS very well. There were no reports of
muscle pains, dyspnea, nausea or dermatological prob-
lems caused by the electrodes. There was no statistically
significant difference between the three groups in any of
the initial characteristics (Table 1).

Functional parameters

The principal statistical analysis was based on repeat-
ed measures ANOVA model and on pair-wise compari-
son of changes within the experimental groups during 12
weeks of follow-up (Table 2).
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Table 1. The initial characteristics of patients in compared experimental groups.

Parameter' AT group EMS group AT + EMS group P
(N =26) (N=23) (N=22)
Age (years) 63.5(1.4) 57.3 (1.6) 60.8 (2.5) 0.079
Male sex N=24 (92.3%) N=15 (65.2%) N=17 (77.3%) 0.227
Weight (kg) 88.8 (2.4) 85.4 (2.6) 87.9 (3.4) 0.675
Height (cm) 174.4 (1.5) 173.9 (1.6) 174.5 (2.1) 0.966
NYHA II/II1 19/4 18/5 18/4 -
EF (%) 34.9 (1.4) 30.1 (1.3) 32.8 (1.9) 0.094
BMI 29.2 (0.7) 28.3(0.9) 28.8 (0.8) 0.747
Exercise duration (min) 8:21 (0:25) 8:00 (0:28) 9:15 (0:32) 0.189
MLHEF score 34.3 (3.5) 38.6 (4.9) 32.0 (4.0) 0.081
HR _ (beats/min) 68.5(3) 66.6 (4) 65.8 (3) 0.214
Systolic BP_, (mmHg) 110.2 (5.2) 114.9 (4.8) 112.8 (4.4) 0.303
Diastolic BP _ (mmHg) 65.3 (4.1) 68.2 (2.2) 70.8 (5.3) 0.154
Pharmacotherapy
ACE inhibitors 26 23 22 -
Beta-blockers 15 16 13 -
Diuretics 14 15 17 -
Digoxin 2 3 3 -
Statins 20 18 18 -
CHEF etiology
Coronary artery disease 21 16 16 -
Dilated cardiomyopathy 5 7 6 -

! Categorical data are described by absolute number and percentage of patients in given category; continuous variables are described by mean (S.E.)
2 Statistical significance of differences among groups was tested by ML-x? test for categorical data and by one-way ANOVA model for continuous

parameters.

Both dependent component (pair-wise changes in time
due to exercise) and independent component (main ef-
fect of experimental treatment) of variability were tested.
Comparing pair-wise reaction on exercise in key end-
points (VOzpeak, VO,,, and Wpeak) revealed statistically
significant improvement of patients in all experimental
groups. Changes over time in spiroergometric parame-
ters were expressed as percentages of the initial absolute
values (due to under- or overestimation of results) and
interpreted on the basis of valid recommendations®. The
changes induced by experimental training were quantita-
tively comparable in all three groups (averaged difference
after 12 weeks of the exercise as related to the initial value:
AVOzpeak: +12.9%, AVO,, : +9.3%, and AWpeak: +22.7%).
As a consequence, no statistically significant difference
among experimental groups was found for the main effect
component in the OrmANOVA model. Similar statisti-
cally significant pair-wise changes due to all three modes
of exercise were observed in the other examined param-
eters (VE/VCO, slope and HRpeak), again without statisti-
cally significant differences among experimental groups.
Furthermore, patients recruited in all three experimental
groups significantly improved exercise duration, on aver-
age by +12.9% as related to the initial value (P=0.001).
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At the end of RHB period there were no significant
changes in resting values of HR [group AT 68.2(4); group
EMS 66.3(3); group AT + EMS 68.8(3) beats/min], sys-
tolic BP [group AT 116.2(4.5); group EMS 115.1(5.1);
group AT + EMS 117.1(5.4) mmHg], and diastolic BP
[group AT 69.7(4.3); group EMS 71.8(4.1); group AT
a EMS 68.2(3.9) mmHg] compared to values at base-
line. Although the mean changes in all key end-points
due to experimental exercise regimes were statistically
significant, the variability of responses to the training
was increased due to occurrence of some proportion of
non-responders. Non-responders in all three experimen-
tal groups were defined as patients with <10% change in
parameter VOzpeak of its initial value, calculated over the
course of the experiment. There was no statistically sig-
nificant difference in the occurrence of non-responders
among the experimental groups. Table 3 summarizes pro-
portion of non-responders in all examined combinations.

Quality of life score

MLHF global score was significantly improved in
the AT group (AMLHF: -27.9% based on initial value,
P=0.001), in the group with combined training AT + EMS
(AMLHF: -29.1% based on initial value, P=0.001), and
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Table 2. The results of experimental testing for 12 weeks in three groups: AT (N = 28), EMS (N = 23)
and AT/EMS (N = 22).

Parameter Experimental results' Differences: T12 - T0?
Group Initial point (TO) 12th week (T12) Value % of initial values P

VO, .. (ml.kg'.min™)
A 17.8 (0.9) 20.6 (0.9) 2.7 (0.7) 15.2% 0.001
EMS 16.9 (1.0) 18.4 (0.9) 1.4 (0.3) 8.3% 0.001
AT+EMS 17.8 (0.9) 20.5 (1.0) 2.7 (0.5) 15.3% 0.001
P 0.405
VO,,, (mlkg'.min")
AT 11.4 (0.5) 12.5(0.7) 1.1 (0.6) 9.6% 0.043
EMS 10.9 (0.6) 11.6 (0.5) 0.7 (0.3) 6.4% 0.030
AT+ EMS 10.9 (0.5) 12.1 (0.5) 1.3(0.3) 11.9% 0.001
P 0.568
VE/VCO, slope
AT 33.4(1.2) 29.3(0.9) 4.1 (0.9) -12.3% 0.013
EMS 33.2(1.4) 30.2 (0.8) -3.0 (1.1) -9.0% 0.012
AT+EMS 31.4 (1.2) 28.5(0.7) 2.9 (1.1) 9.2% 0.016
P 0.314
W (Watt.kg")
AT 1.2 (0.1) 1.4 (0.1) 0.3 (0.0) 25.0% 0.001
EMS 1.1 (0.1) 1.3(0.1) 0.2 (0.0) 18.2% 0.001
AT+ EMS 1.2 (0.1) 1.5 (0.1) 0.3 (0.1) 25.0% 0.001
P 0.367
HRpeak (bpm)
AT 116.9 (3.3) 128.6 (2.7) 11.7 (3.1) 10.0% 0.001
EMS 120.0 (5.2) 125.9 (5.1) 5.9 (2.3) 4.9% 0.020
AT+EMS 126.0 (4.7) 136.9 (4.2) 10.9 (1.9) 8.7% 0.001
P 0.233
Duration of exercise (min)
AT 8:21 (0:25) 10:01 (0:26) 1:39 (0:24) 19.8% 0.001
EMS 8:00 (0:28) 8:46 (0:30) 0:45 (0:16) 9.4% 0.013
AT+EMS 9:15 (0:32) 10:15 (0:28) 1:00 (0:15) 10.7% 0.001
P 0.119
MLHEF score
AT 34.3(3.5) 24.7 (3.0) 9.6 (2.1) -27.9% 0.001
EMS 38.6 (4.9) 32.2(4.9) 6.4 (2.1) -16.6% 0.008
AT+ EMS 32.0 (4.0) 22.7 (3.5) -9.3(1.9) -29.1% 0.002
P 0.021

! Arithmetic mean and standard error (SE)

2 Pair-wise differences expressed as difference of arithmetic means (standard error) and as % of initial value

3 Significance level of independent component in rm ANOVA model

4Significance level of pair-wise (time-related) component in rm ANOVA model

also in EMS group (AMLHF: -16.6% based on initial
value, P=0.008). Analyzing the final values after the exer-
cise, the EMS group was significantly different from AT
group (final MLHF score was 24.7) and AT + EMS (final
MLHEF score 22.7; P=0.021).

DISCUSSION

Supervised ET performed in the context of a cardio-
vascular RHB program is traditionally considered to be
an integral part of the overall therapeutic strategy for
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CHF management. Improvement in functional capacity
and QoL, in particular, are the main positives®. The main-
tenance of physical fitness is a strong prognostic factor of
CHF, whereas reduced functional capacity, loss of mus-
cular strength and inactivity are (often underestimated)
the main risk factors?. Combined interval training (aero-
bic + resistance elements) is generally recommended - its
higher effectiveness in CHF patients has been proven,
especially improving VO2 ek and left ventricular func-
tion?>23, The results of this study do not deviate from the
generally good experience with the positive influence of
aerobic exercise training on the health status of CHF pa-
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tients'?, The resulting improvement in VOzpeak peak val-
ues in the groups with bicycle training (AT and AT+EMYS)
averaged +15.2%, which corresponds with previously pub-
lished experience from extensive clinical studies stating
average improvement between +10% and +26% (ref.") or
+21% (ref.?®). In the present study, a total of 38 (i.e. ca
54%) of the 71 patients who completed RHB program
were evaluated as “responders”, i.e. showing >10% im-
provement in VOZpeak' Also this finding conforms to the
data from the literature'. It is therefore evident that a
majority of CHF patients reacted positively to the 12-week
training by increasing values of VOzpealk as well as of VO, -
and Wpeak. The percentage occurrence of “non-respond-
ers” (VOzpeak <10%) in the groups with bicycle training
(AT and AT + EMS) ranged around 41%, on average,
while in the EMS group it was approx. 57%; this finding
corresponds also to the rather modest increase in AVOZP%‘k
(only +8.3% in EMS group). The higher number of “non-
responders” in the EMS group might indicate lower ef-
fectiveness when using of EMS only. However, it is
important that not in single case of a “non-responder”
significant deterioration in VOzpeak output values was ob-
served. The VE/VCO, slope parameter has been recently
considered as a very important prognostic factor in CHF
patients'>***". The relationship between VE and VCO,
expresses ventilation effectiveness during exercise, i.e.
records the amount of ventilated air which is necessary
to evacuate 1 L of COz. During exercise, VE and VCO2
increase linearly until reaching RER, when the increase
of VE sharply rises in comparison to VCO, (ref.**). In
CHEF patients, the VE/VCO, slope value increases - while
normal values range between 20 and 30, in CHF patients
they rise to as high as 80 (ref."”). VE/VCO, can be posi-
tively affected by aerobic training and - as shown - it rep-
resents greater prognostic value than VOZpeak (ref.?*3h). In
the present study, there was a significant decrease of VE/
VCO, slope in all three experimental groups, by -10.2%
after RHB program. In absolute numbers there was a de-
crease in the VE/VCO, slope to below 30 in both groups
with AT, while in the EMS group the final value was bor-
derline®. Overall, this outcome can be considered a very
positive shift from the perspective of prognosis for devel-
opment of the disease; moreover, the influence of all three
types of RHB protocol was comparable. The functional
parameters improvement in the EMS group was fully com-
parable to those of the groups with aerobic training. This
may seem surprising, if one considers the more or less
local effects of EMS (only thigh and calf muscles).
However, according to previously published findings, sig-
nificant improvement of performance can be achieved
even with local muscle exercise, and it is comparable to
the traditional “full-body” training?3*. Therefore, EMS
conforms to the criteria for achieving highly intensive
muscle work in the stimulated muscles. Quality of life
evaluation is among the primary indicators as to a training
program’s effectiveness and should be a part of any clini-
cal study for CHF patients. The average decrease in the
total MLHF score across all three groups was -24.6%
(statistically significant in all groups). However, MLHF
scoring was the only parameter where the rmANOVA
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model recognized significant differences among experi-
mental groups. The smallest, time-related improvement
(and thus the highest level of the final MLHF score) after
12 weeks of exercise was observed in the EMS group (fi-
nal score 32.2). Despite this, the overall result achieved
can be considered a positive impact of regular muscle
exercise on the QoL in CHF patients. This is in concor-
dance with previously published experiences*3%. The
physiological response to the increase of oxygen demand
during contraction caused by EMS is similar to that
caused by normal physical exercise. Banerjee et al.’® ob-
served in a group of sedentary, healthy people that VOzpealk
increased by a significant +10% and there was overall im-
provement in functional performance after 6-week EMS.
In the present study, the improvement in VO, = EMS
group was somewhat lower (+8.3%) but still statistically
significant to that for the other groups. In the past decade,
several studies focused on the EMS application in CHF.
In a pilot study, Maillefert et al.’” studied 14 patients with
CHEF. After 5 weeks of EMS (10 Hz), the authors ob-
served an increase ofVOzpeak(+14%) and VO,, | (+23.6%).
In a randomized study, Nuhr et al.*® compared the effects
of EMS with a control group. The protocol included 4 h
of direct stimulation of both quadriceps muscles daily (15
Hz); EMS was applied 7 days weekly for 10 weeks. The
authors found a significant increase of VOzpeak, VO2 AT and
increase in walked distance during a 6-min walking test in
stimulated group. Muscle biopsy in this study showed in-
creased citrate synthase activity, decreased glyceralde-
hyde-phosphate dehydrogenase activity, and increase of
myosin heavy chain isoforms. Another randomized study
from 2005, 24 patients were divided into 2 groups - group
with AT and EMS group?. The stimulation protocol in-
cluded EMS (10 Hz) of quadriceps and triceps surae
muscles. A nearly identical improvement in VOzpeak (+11%)
and VO, (+17%) was observed in both groups. Finally,
in a study from 2009, Banerjee et al.* recorded a signifi-
cant improvement of approx. +10% in VOzpeak in CHF
patients due to EMS. Muscle stimulation is accepted as
one of the traditional methods of rehabilitation and phys-
ical medicine. There are several advantages in EMS and
moreover its safety has been clinically proven. It can be
used for patients for whom the standard physical activity
cannot be prescribed due to the severity of disease and
presence of comorbidities*’. EMS causes no undesirable
changes in hemodynamic parameters, its overall tolerance
is good and patients do not complain of muscle pain,
nausea or skin problems. EMS improves the functional
characteristics of skeletal muscles not only in healthy vol-
unteers*? or post-injury situations* - its therapeutic effects
have been already used for affecting several chronic dis-
eases or for post-operative treatment in intensive care
units*. From a physiological point of view, the final dif-
ferentiation of mammalian muscle fibers into their indi-
vidual subtypes is directly dependent on the electrical
activity parameters of the driving motoneurons. EMS
simulates the electrical activity of the driving motoneu-
rons; setting up external electrical impulses at the appro-
priate frequency can substitute the original natural
activity and as a result this promotes a number of func-
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tional and metabolic changes in the muscle fibers* ¢, At
first glance, muscular contractions evoked by EMS have
similar acute effects on the neuromuscular system as vol-
untary muscular contractions (VMC), but during VMC
motor units (MU) are activated synchronously in the di-
rection from small to large depending on the intensity of
physical workload*. EMS, however, by-passes the physi-
ological hierarchy and the external electrical impulses
activate all MU at the same time. Thus, the muscle work
of maximal intensity can be achieved almost immediately.
Despite the differences mentioned, EMS and VMC in
combination can be considered as two mutually support-
ing stimuli of a different character and which, with a view
to the longer term (e.g. as parts of an RHB program),
might influence the resulting effectiveness of training both
from the qualitative and quantitative perspectives®. In a
2008 study Paillard* demonstrated in detail the muscular
adaptations with a long-term combination of EMS + AT
(or EMS only) in healthy individuals, active sportsmen
and patients after knee surgery. Combined training had
greater efficacy than voluntary exercise alone, which was
interpreted as a cumulative effect in the processes of mus-
cular adaptations. In the context of RHB, it was also
shown that EMS was an ideal complement to voluntary
exercise. In the early stage of RHB it increased muscular
strength, necessary for carrying out the classical training
activities. In our study, the AT + EMS group had a higher
rate of improvement in the absolute values of those pa-
rameters which are generally considered to be main crite-
ria for evaluating the effectiveness of rehabilitation - VO2peak
and VO, , . (an improvement of maximal and submaximal
performance). This might be seen as confirmation of the
study presumption that the greatest training benefit was
expected to result from the combination of AT and EMS.
Statistical evaluation, however, did not confirm significant
differences between the three groups. In other words, all
three training methods had approximately the same posi-
tive effect on the functional performance and QoL of
CHF patients.

Study limitations

There are several reasons which might explain the fact
that greater benefit from AT + EMS combination was not
objectively demonstrated in our study. First, it must be
taken into account that a large percentage of those studies
in which the combination of classical training and EMS
brought greater benefit were done in patients after ortho-
pedic and surgical interventions or entirely healthy indi-
viduals and active sportsmen. The pathophysiology of the
functional and metabolic changes in CHF is so complex
that the resulting effect of the combined training need not
significantly have manifested itself. Another question re-
lates to the stimulation protocol used. Although the 10Hz
frequency is well-established in clinical practice, it cannot
be ruled out that a higher rate of improving performance
might be achieved using other frequencies (e.g. 25, 35, or
50Hz). Another factor which could significantly affect the
final results was the number of patients undertaking the
AT + EMS combination (only 22 persons from the origi-
nal 28 completed the training). Finally, the authors were
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limited in their possibility to check-up the frequency and
regularity of EMS application at home. The only sources
of information were the stimulated patients themselves;
only 6 patients admitted irregular use of EMS (leading to
their elimination from the study). These limitations do
not, however, in any way decrease the significance of EMS
which should be regarded as a very attractive and effective
method of cardiovascular rehabilitation. The use of EMS,
howeyver, is still sporadic, even though it has proven to be
very useful in improving the functional RHB outcomes
in CHF patients.

CONCLUSION

The main aim of this study was to evaluate the ef-
fectiveness of combination of classical ET and EMS in
patients with a less advanced form of CHF. The results
confirmed the performance improvement using EMS
alone or its combination with standard exercise training
in patients with heart failure. However, the results of the
three studied RHB training protocols did not differ statis-
tically significantly. It can be stated that aerobic ET com-
bined with EMS adds no statistically significant benefit.
Nevertheless, a very important positive fact needs to be
emphasized - all the studied training methods improved
the parameters of functional fitness and quality of life
in CHF patients. Further research is needed in order to
determine the optimal protocol of EMS and its combina-
tions with other exercise training techniques in the reha-
bilitation of heart failure.
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