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A b s t r a c t

The purpose of this study was to investigate if electrical stimulation of strength muscles could repre-
sent an alternative or a complementary way of rehabilitation in congestive heart failure (CHF). Twenty-
four patients with chronic stable CHF (NYHA class II-III) were randomly assigned to a rehabilitation 
program using either a classical bicycle training program (group 1; n=12) or an electrical stimulation of 
inferior limb muscles (group 2; n=12). Six-minute corridor walk-test and symptom-limited spiroergom-
etry were performed before and after the training program. After the end of rehabilitation a significant 
increase of distance walked in 6min, oxygen uptake (V

.
O2SL), maximal heart rate (HRmax) and maximal 

achieved workload (Wmax) were observed in both groups. There was a close correlation between improve-
ment of V

.
O2SL and increase in HRmax in the group 1 (r = 0.64; P < 0.05). A similar relationship was found 

between V
.
O2SL and the increase in Wmax (r = 0.65; P < 0.05), and between V

.
O2SL and the increase in 

exercise duration (r = 0.68, P < 0.02), but only in the group 1. The results showed that an improvement of 
exercise capacities can be achieved either by classical training method or by electrical stimulation. 

K e y  w o r d s
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A b b r e v i a t i o n s  u s e d

AV – arterio-venous, CHF – chronic heart failure, ES – electrical stimulation, HRmax – maximal 
heart rate, NO – nitric oxide, NYHA – New York Heart Association, V

.
O2SL – symptom-limited oxygen 

uptake, V
.
O2AT – oxygen uptake at anaerobic threshold, Wmax – maximal workload 

INTRODUCTION

Chronic heart failure is a complex metabolic syndrome with impaired left ven-
tricular function and high mortality (1). Several studies reported a strong rise of 
sympathetic activity, the onset of peripheral vascular remodeling and strength mus-
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cle metabolic alterations in response to exercise (2); exercise intolerance in CHF is 
mainly due to muscle deconditioning (3, 4). The exercise training has been shown to 
improve the functional capacity, quality of life and also the patterns of strength mus-
cles, and therefore should be considered as an integral part of therapeutic standards 
in such patients. (5–7). However, even rehabilitation based on physical exercise can 
improve both exercise capacity and symptoms, some patients may be too ill to ex-
ercise. Several studies reported the increase of oxidative capacity in skeletal muscle 
fibers, of enhancement of muscular regeneration and of the atrophy prevention by 
low-frequency electrical stimulation (ES) of strength muscles (8–10). Nevertheless, 
until now the muscle reconditioning by electrical stimulation (ES) has been studied 
in few small series, and the effects of this technique compared to classical training 
in a randomized trial has been poorly evaluated.

PATIENTS AND METHODS

The study population comprised twenty-four patients (5 women, 19 men, mean age 54 ± 9 years) 
with stable, chronic congestive heart failure. Four patients were in NYHA functional class II, 20 of 
them were in class III. The etiology of CHF was idiopathic dilated cardiomyopathy (17 subjects), 
ischemic heart disease (6 subjects), and valvular heart disease (1 subject). All patients gave informed 
consent. The patients were randomized to enter either a classical bicycle training program, or an elec-
trical stimulation program. Symptom limited spiroergometry was examined before and after training. 
The patients in the bicycle group (group 1) underwent 25 daily sessions of 20-minute bicycle exercise, 
at 60–80% of their maximal heart rate. In the electrical stimulation group (group 2), low-frequency (10 
Hz) ES was applied to both quadriceps and calf muscles, using ELPHA 2000 stimulators (Danmeter 
A/S, Odense, Denmark) programmed alternately 20 seconds on and 20 seconds off. Twenty-five daily 
ES sessions of 1 hour were achieved.

The following parameters were collected before and at the end of the rehabilitation program: 

distance walked in 6 minutes
symptom limited spiroergometry parameters
V
.
O2SL (symptom-limited V

.
O2)

V
.
O2AT (V

.
O2 at anaerobic threshold)

exercise duration
Wmax (maximal workload)
HRmax (maximal heart rate) 
using Doppler study of the common femoral artery flow:
mean velocity at rest
mean velocity after 15 minutes of electrically induced muscle exercise

Statistical analysis was performed using the Wilcoxon paired test, the Chi-2 test and the Friedmann 
test. The P value < 0.05 was considered as significant.

RESULTS

Distance walked in 6 minutes improved significantly in both groups. It improved 
more in the ES group 2 (+ 72m) than in the bicycle group (+ 29m; Tables 1, 2, 3 
and Fig 1).
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V
.
O2SL improved significantly, either by ES (+ 6%) or by bicycle training (+ 8%); 

the difference between groups is not statistically significant (Tables 1, 2 and 3).
V
.
O2AT improved non-significantly in the ES group (+ 10%), and significantly (+ 

19%) in the bicycle group 1; the difference between groups is significant (Tables 1, 
2, 3 and Fig 2).

Similarly, exercise duration increased non-significantly in the ES group 2 (+ 31s), 
and significantly in the bicycle group 1 (+ 82s – Tables 1, 2 and 3).

Spiroergometry examinations showed maximal workload, which increased sig-
nificantly in both groups, as did maximal heart rate (HRmax). The difference between 
groups is non-significant (Tables 1, 2 and 3).

Regarding the relationship between the increase in work load, V
.
O2SL and the 

increase in maximal heart rate (HRmax), a significant relationship was found in the 
bicycle group (r = 0.64; P < 0.05), but not in the ES group. A similar relationship 
was found between V

.
O2SL and the increase in exercise duration (r = 0.68; P < 0.02), 

and between V
.
O2SL and the increase in maximal workload (r = 0.65; P < 0.05), but 

in the bicycle group only.
Doppler study of the common femoral artery flow showed an improvement of 

vasodilative capacities (i.e. the difference between resting and post-exercise veloc-
ities) after rehabilitation, but statistical significance was reached only in the ES 
group (Tables 1, 2, 3 and Fig 3).

Table 1

Symptom limited spiroergometry parameters in the “bicycle” group 1 before and after 5 weeks of 
exercise training

Bicycle group (group 1) pre post P value

V
.
O2SL (ml.kg-1.min-1) 17.28 *18.83 < 0.03

V
.
O2AT(ml.kg-1.min-1) 11.32 *13.51 < 0.001

Wmax (watts) 96.67 *109.7 < 0.02
6-min walking test (m) 468.09 *497.09 < 0.005
Exercise duration (s) 545 *627 < 0.01
HRmax (beats.min-1) 144 *154 < 0.01
Blood flow velocity (cm.s-1) 21.52 30.23 NS

 
V
.
O2SL – symptom-limited oxygen uptake; V

.
O2AT – oxygen uptake at anaerobic threshold; Wmax – maxi-

mal workload; HRmax – maximal heart rate 
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Table 2

Symptom limited spiroergometry parameters in the “ES” group 2 before and after 5 weeks
of low-frequency electrical muscle stimulation

ES group (group 2) pre post P value

V
.
O2SL (ml.kg-1.min-1)  16.69 *17.67 < 0.05

V
.
O2AT (ml.kg-1.min-1) 10.93 12.05 NS

Wmax (watts) 90.83 *98.33 < 0.04
6-min walking test (m) 408.64 *480.18 < 0.001
Exercise duration (s) 516 547 NS
HRmax(beats.min-1) 148 152 NS
Blood flow velocity (cm.s-1) 29.09 *41.25 < 0.01

V
.
O2SL – symptom-limited oxygen uptake; V

.
O2AT – oxygen uptake at anaerobic threshold; Wmax – maxi-

mal workload; HRmax – maximal heart rate 

Table 3

Comparison of all symptom limited spiroergometry parameters in both groups after 5 weeks 
of the given type of rehabilitation

ES post Bicycle post P value

V
.
O2SL (ml.kg-1.min-1) 18.83 17.67 NS

V
.
O2AT (ml.kg-1.min-1) *13.51 12.05 < 0.001

Wmax (watts) 109.7 98.33 NS 
6-min walking test (m) *497.09 480.18 < 0.01
Exercise duration (s) 627 547 NS
HRmax (beats.min-1) 154 152 NS
Blood flow velocity (cm.s-1) 30.23 *41.25 < 0.01 

V
.
O2SL – symptom-limited oxygen uptake; V

.
O2AT – oxygen uptake at anaerobic threshold; Wmax – maxi-

mal workload; HRmax – maximal heart rate 
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DISCUSSION

The global hypo-perfusion and chronic hypoxia in CHF induces gradual damage 
in functional and metabolic integrity of strength muscle mass. Consequent massive 
production of variety of pro-inflammatory cytokines stimulates apoptotic pathways 
leading to fibers atrophy (11), loss of strength, reduction of total muscle mass, global 
over-expression of anaerobic white fibers (fast glycolytic), and the development of 
general cachexia (12, 13). Electrical stimulation of strength muscles in humans has 
been shown to be valuable therapeutic intervention in neurology (14, 15), in post-
surgery treatment and in the cases of long-term immobilization (16–18). However, 
the number of studies concerning the effects of LFES in cardiovascular rehabilita-
tion is still very limited; our trial belongs to a few clinical reports that have focused 
on the therapeutic potential of low-frequency electrical stimulation in chronic heart 
failure. Recently, Harris et al. (2004) and Nuhr et al. (2004) published the results 
of first randomized trials comparing the home-based low-frequency ES training and 
classical exercise training; the results demonstrated that both methods could sig-
nificantly influence the muscle strength, improve functional parameters including 
V
.
O2SL and V

.
O2AT, and improve also the quality of life in patients with CHF (19, 

20). These results are very similar to those observed in our present study; 5 weeks 
of ES or bicycle training led to significant increase of V

.
O2SL, Wmax, distance walked 

in 6 minutes, and of HRmax in both groups. Also the exercise duration and V
.
O2AT 

were increased in both groups, but the statistical significance was present only in 
the bicycle group. In the bicycle group, but not in the ES group, the improvement 
in V

.
O2SL seems to be mediated through the improvement in transport mechanisms, 

which itself appears to be the result of improved maximal workload and exercise du-
ration. Such a relationship was not found in the ES group, suggesting that electrical 
stimulation could act through a different mechanism. It is well known that exercise 
training induces a significant improvement of endothelial functions in patients with 
CHF (21, 22), and the contractions initiated by local electrical stimulation of the 
strength muscle may cause similar (or identical) vascular reactions as seen dur-
ing physical exercises, especially exercise-induced reactive hyperemia in working 
muscles (23, 24). An acute rise of blood volume increases the shear stress on the 
vessel wall, which promotes the NO production and liberation (25–27). It is pos-
sible to suppose that stimulation-induced changes of blood flow velocity are most 
probably related to the modification of endothelial functions by long-term electrical 
stimulation, and thus may be NO-dependent. The significant increase of the blood 
flow velocity in femoral artery during stimulation observed in our study may reflect 
the importance of achieved global vascular benefit for the peripheral muscle mass 
after 5 weeks of ES. Although (from the point of view of effectiveness) it seems 
that both types of rehabilitation could positively influence the functional capacity 
and increase the resistance to fatigue. It is important to point out the existing dif-
ferences between bicycle training and electrical stimulation. Electrical stimulation 
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Fig. 1
Comparison of the values of O2 uptake at anaerobic threshold (V

.
O2AT) in group 1 and 2 before and 

after 5 weeks of rehabilitation. Statistical significance Wilcoxon paired test

Fig. 2
Comparison of the values of V

.
O2 Peak uptake (V

.
O2AT) in group 1 and 2 before and after 5 weeks of 

rehabilitation. Statistical significance Wilcoxon paired test 
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concerns only a part of the skeletal muscle mass and its activity is rather local, 
whereas exercise training on bicycle challenges the entire body. During the periods 
of stimulation we did not encounter any harmful effects related to the ES applica-
tion, such as sudden blood pressure or heart rate changes; there were no complaints 
on muscular pain or skin burn (under the electrodes). Our results are encouraging 
but we take into account the existing limitations of the trial, first of all the limited 
number of patients included in the study. From the clinical point of view the most 
important conclusion resulting from our study is that a significant improvement of 
functional capacity could be achieved either by ES or by conventional bicycle train-
ing. Future investigations should bring more detailed data, especially about possible 
interactions between the central and peripheral hemodynamic parameters during 
ES application. It is suggested that clinical trials on larger groups of patients could 
be usefull before the full introduction of ES in cardiovascular rehabilitation. 

CONCLUSIONS

This study showed that:
Improvement of exercise capacities in patients with chronic heart failure can be 

achieved either by classical bicycle training or by electrical stimulation.

Fig. 3
Comparison of the values of distance walked in 6min (6min walking-test) in group 1 and 2 before 

and after 5 weeks of rehabilitation. Statistical significance Wilcoxon paired test
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Bicycle training improves more V
.
O2SL, whereas electrical stimulation is more 

effective on sub-maximal exercise capacities.
In the bicycle group, improvement of V

.
O2SL seems to be mainly obtained through 

the increase in maximal heart rate, and probably through the increased AV differ-
ence and improvement of muscle strength.

Electrical stimulation seems to be more effective on the improvement of vascular 
flow.

Therefore, these two methods may prove to be complementary and could be 
used in combination, possibly with better results, especially in very sick patients.
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REHABILITACE U CHRONICKÉHO MĚSTNAVÉHO SRDEČNÍHO SELHÁNÍ. SROVNÁNÍ 
DVOU METOD: BICYKLOVÉHO TRÉNINKU A ELEKTRICKÉ STIMULACE

Souhrn

Cílem této studie bylo zjistit, zda elektrická stimulace kosterního svalstva může být alternativou 
nebo doplňkem v rehabilitaci pacientů s chronickým srdečním selháním (CHSS). Dvacet čtyři pacientů 
s chronickým stabilizovaným CHSS (NYHA II-III) bylo randomizovaně rozděleno do dvou skupin. 
Skupina 1 (n = 12) prováděla klasický rehabilitační trénink na bicyklovém ergometru, skupině 2 (n = 
12) byla aplikována elektrická stimulace svalstva dolních končetin. Před ukončením rehabilitačního 
programu a po něm pacienti absolvovali 6-minutový “walk-test” a symptomy limitované spiroergomet-
rické vyšetření ke stanovení V

.
O2SL. Po ukončení rehabilitace došlo k signifikantnímu zvýšení ušlé 

vzdálenosti (6 min), hodnoty V
.
O2SL a hodnoty V

.
O2 při anaerobním prahu, doby trvání zátěže a pracov-

ního výkonu (Wmax) v obou skupinách. Byla zjištěna úzká korelace mezi zlepšením V
.
O2SL a zvýšením 

maximální tepové frekvence ve skupině 1 (r = 0.64, P < 0.05). Podobná korelace byla nalezena také 
mezi V

.
O2SL a Wmax (r = 0.65; P < 0.05), i mezi V

.
O2SL a dobou trvání zátěže (r = 0.68; P < 0.02), avšak 

rovněž pouze ve skupině 1. Výsledky prokázaly, že zlepšení funkční kapacity může být dosaženo jak 
klasickým tréninkem, tak i elektrickou stimulací.
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