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Objective: To confirm that electrical myostimulation is a 
good alternative to conventional aerobic training in patients 
with chronic heart failure and to compare the effects of both 
training programmes in patients with different exercise ca-
pacities. 
Patients and methods: A total of 44 patients with stable 
chronic heart failure underwent 5 weeks of exercise train-
ing, with electrical myostimulation or conventional aerobic 
training programmes. At baseline and after the training pe-
riod, patients performed a symptom-limited cardiopulmo-
nary exercise test and a 6-min walk test. 
Results: Oxygen uptake at the end of exercise (V

.
O2 peak) 

and at ventilatory threshold (V
.
O2 VT) increased after elec-

trical myostimulation (p< 0.001) and conventional aerobic 
training (p< 0.001) training programmes. The slope of the 
relationship between V

.
O2 and workload was reduced after 

electrical myostimulation (p< 0.05), but not after conven-
tional aerobic training. Recovery was improved after both 
training programmes (p< 0.05), and the distance walked in 
6 min was increased (p< 0.001). These improvements were 
not statistically different between electrical myostimulation 
and conventional aerobic training. Moreover, electrical myo-
stimulation induced greater improvements in patients with 
low exercise capacity, whereas conventional aerobic train-
ing induced improved performance in patients with average 
exercise capacity. 
Conclusion: Five weeks of electrical myostimulation and 
conventional aerobic training exercise training produced 
similar improvements in exercise capacity in patients with 
chronic heart failure. However, electrical myostimulation 
appears to be more effective in patients with low exercise 
capacity than in those with average exercise capacity. 
Key words: chronic heart failure, low-frequency electrical myo-
stimulation, conventional aerobic exercise training, exercise ca-
pacity.
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INTRODUCTION

Originally regarded as a contraindication by the Scientific 
Council on Cardiac Rehabilitation, physical activity has be-
come important in the management of patients with chronic 
heart failure (CHF) only during the last decade (1). Training 
programmes usually include aerobic activity alone or in combi-
nation with resistance exercise (2, 3) and their benefits are well 
established (4–7). However, other modes of rehabilitation, such 
as interval training and electromyostimulation (EMS), have 
been proposed for patients with CHF, regardless of severity 
(8–10). Two studies recently demonstrated that low-frequency 
EMS and conventional aerobic exercise training induce simi-
lar benefits in aerobic parameters, field test parameters, and 
muscle strength in stable patients with CHF (10, 11). However, 
the number of patients in these studies was small (24 and 30 
patients divided into 2 groups). The first aim of the present 
experiment was therefore to confirm these preliminary results 
with a comparison of the 2 methods with a larger patient 
population. Moreover, as suggested by Larsen & Dickstein 
(12), it is important to identify the CHF population that would 
benefit most from EMS. Thus, the secondary aim of this study 
was to compare the effects of EMS and conventional training 
in CHF patients with different exercise capacities. Therefore, 
a comparison was made of: (i) cardiorespiratory parameters 
during moderate to high workloads of exercise (i.e. oxygen 
uptake (V

.
O2) at ventilatory threshold (VT) and at the end of 

exercise, slope of the V
.
O2/workload relation and V

.
O2 during 

recovery); and (ii) submaximal field test parameters.

METHODS
Participants
Table I presents the baseline characteristics of the 44 patients enrolled 
in this study. They had stable CHF due to dilated or ischaemic cardio-
myopathy, an ejection fraction < 40% as measured by echocardiography 
and were in New York Heart Association (NYHA) classification II–IV. 
All patients were symptomatically stable and their medical treatment 
(angiotensin-converting enzyme (ACE) inhibitors, diuretics, beta-
blockers) was stable throughout the study. Exclusion criteria were 
obstructive valvular heart disease and pulmonary disease, acute coronary 
syndrome or myocardial infarction during the preceding 3 months and 
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evolutive ventricular dysrhythmia. Patients whose activity was limited 
because of factors other than fatigue and exertional dyspnoea, i.e. angina, 
arteriopathy, neurological or orthopaedic impairments, which could pre-
vent reliable performance of the exercise tests, were also excluded. The 
investigation conformed to the principles outlined in the Declaration 
of Helsinki. All patients gave their written consent after being clearly 
advised about the protocol, which was approved by the Institutional 
Ethics Committee.

Measurements and data analysis
At baseline (PRE) and after the training period (POST), patients 
underwent a symptom-limited cardiopulmonary exercise test and a 
6-min walk test (6-MWT). These tests were performed on separate 
days in order to avoid fatigue-induced limitation in performance 
(48-h delay). The symptom-limited cardiopulmonary exercise test 
was performed first in order to exclude patients presenting contra-
indications to the study. 

Symptom-limited cardiopulmonary exercise test. As previously 
described (10), the incremental exercise test was performed on an 
electromagnetically braked cycle ergometer (Lode, Groningen, The 
Netherlands). Following a 3-min rest and a 1-min warm-up at 20 
Watts (W), the work rate was increased by 10 Watts every min. The 
exercise test was terminated when the patient was unable to maintain 
the pedalling rhythm of 60 revolutions per min, limited generally 
by dyspnoea and/or leg fatigue. A 12-lead electrocardiogram (Case, 
General Electrics Medical Systems, UK) was monitored throughout 
the test and auscultatory blood pressure measurements were obtained 
every 2 min with a standard mercury sphygmomanometer. Gas ex-
change was measured breath-by-breath using a computerized system 
(CPX, Medical Graphics, St Paul, MN, USA). From this test, peak V

.
O2 

and peak heart rate were determined and VT was estimated using the 
method of Beaver et al. (13). The V

.
O2/workload slope was calculated 

using linear regression of data from VT to the end of exercise (14). V
.
O2 

was monitored during the recovery period and the time required for 
a 50% fall from peak V

.
O2 (T1/2 of V

.
O2) determined (15). When this 

occurred in the middle of 2 sampling points, T1/2 was set to the second 
of these points. 

6-minute walk test (6-MWT). A therapist blinded to the exercise test 
results administered this test. It was performed in a 50-m long unob-
structed corridor, using the protocol described by Lipkin et al. (16). 

Patients were asked to walk as far as possible in 6 min. Slow down 
and stops for rest were authorized. The total walking distance was 
measured in m at the end of 6 min. Neither encouragement, nor time 
information were given during the test. 

Exercise training
Following baseline assessment, all patients were blind randomized to 
receive either a conventional (CONV) or low-frequency EMS ambula-
tory training. Both training programmes consisted of 1-h sessions, 5 
days a week over 5 weeks. According to the recommendations of the 
European Society of Cardiology (17), patients undergoing conventional 
training had to perform aerobic exercise (treadmill, bicycle) with a 
global warm-up and cool-down. Exercise intensity was determined on 
an individual basis, so that the patient’s target heart rate corresponded 
to the heart rate at VT (obtained during the initial cardiopulmonary 
exercise test). During training, exercise intensity was also checked 
individually by the determination of perceived exertion rating using 
the Borg scale with a target range between 13 and 15 (10, 18).

The EMS programme was the same as used in our previous study 
(10). It consisted of a stimulation of both quadriceps and calf muscles 
using 2 portative dual-channel stimulators (Elpha 2000, Danmeter, 
Odense, Denmark). Each delivered a low-frequency 10-Hertz biphasic 
current, with pulse duration of 200 microsec. The stimulus was alterna-
tively on for 12 sec and off for 8 sec. The stimulation intensity for each 
muscle was increased throughout the training programme according to 
the patient’s tolerance, in order to be always at the maximum tolerated 
value (8). If the patient reached the maximum intensity deliverable by 
the stimulator, the training remained at this level.

Statistical analysis
All data are expressed as mean (standard deviation (SD)). The an-
thropometric and clinical values were compared between the 2 groups 
using a Student’s t-test. A two-way analysis of variance (ANOVA) with 
repeated-measures (group × time) was used to assess each parameter. 
After this primary analysis, each group was divided into 2 subgroups 
in order to distinguish the effects of the 2 training modalities accord-
ing to exercise capacity. The cut-off value of 11 ml/min/kg for V

.
O2 

at VT (19, 20) was used to determine subgroups, termed “average” 
and “low”. A three-way analysis of variance was then used to assess 
each parameter.

When the p-value from ANOVA was significant, a post hoc  
Newmann-Keuls test was used. Significance was set at p < 0.05. 

RESULTS

Participants
Prior to rehabilitation, there were no significant differences 
between the 2 groups for any parameter. A total of 70 patients 
were screened, 46 were randomly assigned to the 2 groups, 
and 44 completed the training programme with no significant 
injury or muscle pain reported in either group (2 patients were 
excluded from the study due to their lack of compliance during 
the first 2 weeks of exercise training). Fourteen patients in the 
“EMS group” reached the maximum intensity deliverable by 
the stimulator (11 in the “average exercise capacity group” 
and 3 in the “low exercise capacity group”).

Changes after rehabilitation 
Electromyostimulation vs conventional exercise training. Table 
II presents the values measured during the symptom-limited 
exercise test and the 6-MWT, before and after both training 
modalities. 

Table I. Baseline data (mean (SD)) for the studied population

EMS
n = 22

CONV
n = 22 p-value

Sex, M/F 16 / 6 19 / 3
Age, years 55 (10) 56 (7) 0.6
Weight, kg 75.1 (15) 78.8 (15.4) 0.4
Height, cm 170.0 (6.7) 170.9 (6.9) 0.6
BMI, kg/m² 25.9 (3.8) 27 (7.1) 0.4
LVEF, % 23.7 (7.4) 23.2 (10.6) 0.9
NYHA II / III / IV, n 9 / 12 / 1 11 / 11 / 0
Dilated cardiomyopathy, n 13 14
Coronary artery disease, n 9 8
ACE inhibitors, n 21 21
Diuretics, n 20 20
Beta-blockers, n 11 11

EMS: chronic heart failure patients under low-frequency electrical 
myostimulation rehabilitation programme; CONV: chronic heart 
failure patients under conventional rehabilitation programme; ACE: 
angiotensin-converting enzyme; M: male; F: female; BMI: body 
mass index (weight/height²); LVEF: left ventricular ejection fraction; 
NYHA, New York Heart Association. p-value, EMS vs CONV 
(Student’s t-test). 
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Peak oxygen uptake was increased by 12.2% after EMS 
(p < 0.001) and by 16.8% after CONV (p < 0.001). V

.
O2 at VT 

was increased by 15.4% after EMS (p < 0.001) and by 17.4% 
after CONV (p < 0.001). These increases were not significantly 
different between EMS and CONV protocols.

The slope of the V
.
O2/WL relationship was decreased after 

EMS (–18.5%, p < 0.05). This parameter was not significantly 
modified by CONV (–3.4%, p = 0.9). 

T1/2 of V
.
O2 was decreased after both training protocols 

(– 14.1% after EMS and – 19.7% after CONV, p < 0.05). The 
training modality had no influence on this parameter. 

Both training protocols induced significant improvements in 
the distance walked in 6 min (+ 13.8% in EMS and + 16.5% 
in CONV, p < 0.001). These increases were not significantly 
different between EMS and CONV protocols.

Effects of exercise training in the subgroups. As mentioned 
above, patients from each group were subdivided according 
to V

.
O2 at VT. Patients with V

.
O2 at VT < 11 ml/min/kg were 

allocated to the low exercise capacity group and those with V
.
O2 

at VT > 11 ml/min/kg to the average exercise capacity group. 
Table III presents the number of patients in each subgroup 
and their baseline values measured for the symptom-limited 
exercise test and the 6-MWT. Fig. 1 presents the values of the 
PRE to POST ratios calculated for the different parameters 
measured during the symptom-limited exercise test (V

.
O2 

peak, V
.
O2 at VT, slope V

.
O2/WL and T1/2) and for the distance 

in the 6-MWT. 
After EMS (Fig. 1a), these ratios demonstrate that peak V

.
O2 

(p < 0.01), V
.
O2 at VT and 6-MWT distance were significantly 

increased both in average and low exercise capacity patients 
(p < 0.05). However, V

.
O2/WL and T1/2 decreased significantly 

only in the low exercise capacity patients (p < 0.05).
After conventional training (Fig. 1b), all patients demonstrat-

ed significant increases in peak V
.
O2, V

.
O2 at VT and 6-MWT 

distance (p < 0.05), whereas only average exercise capacity 
patients demonstrated a significant improvement in T1/2. The 
slope V

.
O2/WL was not significantly modified by conventional 

training in either subgroup.
Comparison of the percentage increase in average vs low 

exercise capacity patients suggests greater improvements in 
all parameters in low exercise capacity patients compared with 
average exercise capacity patients after EMS; whereas after 
CONV V

.
O2 peak, slope V

.
O2/WL and T1/2 showed a greater 

improvement in average exercise capacity patients. However, 
there was no significant difference.

DISCUSSION

Programmes of physical activity, either aerobic and/or strength 
exercises, are used as supplemental treatment for patients 
with CHF (5). However, these interventions are usually only 

Table II. Baseline (PRE) and post-training (POST) data (mean (SD)) registered during the tests

EMS CONV

PRE POST p-value PRE POST p-value
Peak heart rate, beat/min 136.7 (26.2) 137.7 (26.3) – 133.9 (21.8) 141.6 (20.3) –
Peak V

.
O2, ml/kg/min 16.4 (3.1) 18.4 (3.6) † 16.1 (4.7) 18.8 (5.7) †

V
.
O2 at VT, ml/kg/min 11.0 (2.1) 12.7 (2.7) † 10.9 (1.9) 12.8 (2.4) †

V
.
O2/WL, ml O2/W/min 9.7 (4.0) 7.9 (2.3) * 8.9 (1.9) 8.6 (2.0) –

T1/2, sec 114.0 (38.0) 97.9 (29.9) * 116.0 (28.9) 93.1 (17.9) *
Distance 6-MWT, m 428.0 (60.4) 487.1 (57.7) † 440.0 (52.1) 512.7 (46.5) †

p-value, PRE vs POST (Newman-Keuls post hoc): *p < 0.05, †p < 0.001.
EMS: patients under low-frequency electrical myostimulation rehabilitation programme; CONV: patients under conventional rehabilitation 
programme; peak V

.
O2: oxygen uptake at the end of the symptom-limited cardiopulmonary exercise test; V

.
O2 at VT: oxygen uptake at ventilatory 

threshold; V
.
O2/WL: slope of the oxygen uptake/workload relation above the ventilatory threshold; T1/2: time to recover half of peak V

.
O2; distance 

6-MWT, distance in the 6-minute walk test; SD: standard deviation. 

Table III. Baseline data (mean (SD)) registered in the 4 subgroups

EMS CONV

Average
n = 10

Low
n = 12 p-value

Average
n = 11

Low
n = 11 p-value

Peak V
.
O2, ml/kg/min 18.2 (2.3) 15.4 (3.1) † 18.1 (2.6) 15.1 (2.8) †

V
.
O2 at VT, ml/kg/min 12.6 (1.9) 9.5 (0.9) † 12.4 (1.4) 9.8 (1.2) *

V
.
O2/WL, ml O2/W/min 10.7 (2.6) 9.1 (3.0) – 9.5 (1.8) 8.8 (1.8) –

T1/2, sec 92.4 (23.2) 128.8 (36.8) † 112.1 (35.4) 120.4 (22.9) –
Distance 6-MWT, m 441.1 (38.8) 421.7 (45.0) – 460.0 (47.1) 425.8 (49.7) –

p-value, Average exercise capacity vs Low exercise capacity (Newman-Keuls post hoc): *p < 0.05, †p < 0.01. EMS: chronic heart failure patients 
under low-frequency electrical myostimulation rehabilitation programme; CONV: chronic heart failure patients under conventional rehabilitation 
programme; peak : V

.
O2 oxygen uptake at the end of the symptom-limited cardiopulmonary exercise test; V

.
O2 at VT: oxygen uptake at the 

ventilatory threshold; V
.
O2/WL: slope of the oxygen uptake/workload relation above the ventilatory threshold; T1/2: time to recover half of peak V

.
O2; 

distance 6-MWT: distance in the 6-minute walk test. 
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proposed for patients with moderate symptoms. Patients with 
severe CHF are often excluded due to excessive symptoms 
and dyspnoea. Interval training has therefore been proposed 
for patients with severe CHF, since it allows intense exercise 
stimuli to be delivered to peripheral muscles with minimal 
cardiac strain (21). In fact, EMS, in particular low-frequency 
EMS training, has been proposed as an interesting alternative 
to interval training, since it is simple, well-tolerated by patients 
with CHF, and produces an intense exercise stimulus to the 
peripheral muscles with low cardiac demand (8–11).

Our results demonstrate increases of peak V
.
O2 by 12.2% and 

16.8% after EMS and CONV, respectively (Table II). These 
results, in accordance with those of previous studies (8, 9, 
22), are of great interest, as peak V

.
O2 is considered a main 

predictor of death (23). However, peak V
.
O2 needs to be con-

sidered with other indices. VT is an interesting and objective 
parameter that can be derived from submaximal exercise. 
Although controversy exists concerning the mechanisms deter-
mining VT, adaptations at the peripheral level must be involved 
(24, 25). Thus, the 15.4% and 17.4% increases of V

.
O2 at the 

VT after EMS and conventional training are very interesting 
since both enhance the subjects’ capacity to perform sustained 
submaximal activities (25). 

In the present experiment, we were particularly interested 
in the effects of both training protocols on the slope of the 
V
.
O2/WL relationship and its relation to the T1/2 value. Indeed, 

it has been suggested that the lower the V
.
O2/workload slope 

value and the longer the T1/2 value, the more severe is the 
CHF (26–30). The inverse correlation between exercise V

.
O2/

workload and T1/2 value implies that CHF patients with a low 
V
.
O2/workload during exercise were not efficient, but rather 

were accumulating a large oxygen debt that was repaid after the 
completion of exercise. Our results reveal a significant decrease 
in the V

.
O2/workload slope after EMS and of T1/2 after both 

protocols (Table II). These results are similar to those found 
in our previous study (10) and suggest that after only 5 weeks, 
EMS induces intramuscular changes improving V

.
O2 kinetics 

(22). Indeed, if a decreased V
.
O2/workload slope, per se, could 

be considered as an aggravation of the pathology (29), when 
accompanied by a faster recovery, it suggests that muscles are 
able to work harder with less oxygen and without accumulating 
debt that results in a longer recovery from exercise. This more 
efficient kinetics of oxygen uptake during exercise could be 
explained by EMS training-induced modification of the myo-
typology (i.e. an increase in the relative distribution of type I 
myosin heavy chain isoforms and a decrease in type IIx myosin 
heavy chain isoforms (22)) since the motor recruitment pattern 
and percentage distribution of type IIx fibres are thought to be 
the main determinants of V

.
O2 kinetics above the VT (14). For 

a given workload, type I fibres are more efficient than type IIx 
fibres in terms of oxygen requirement (14, 31).

Walk tests have recently been demonstrated to directly evalu-
ate physical performance related to activities of daily living 
(32, 33). The present study found increased performance in 
the 6-MWT comparable to previous studies (8, 10), suggesting 
improved functional capacity. This result is very interesting, 
since it may relate to better autonomy, physical independence 
and increased quality of life for trained patients (34). 

As suggested by Larsen & Dickstein (12), low-frequency 
EMS is a very attractive intervention, but it is necessary to 
identify the population most likely to benefit from it. The sec-
ond aim of the present experiment was therefore to investigate 
the effects of both training modalities in patients differently 
deconditioned. The value of V

.
O2 at VT, and more precisely, 

the critical value of 11 ml/min/kg (19, 20), has been identified 
previously as able accurately to separate patients by fitness. 
Indeed, we thought that it was the most objective and accurate 
parameter to evaluate the patients’ exercise capacities and to 
separate patients with average and low exercise capacities. 

The results of this study show that the greatest improvements 
in all parameters after EMS occurred in patients with low ex-
ercise capacity. These results are not surprising regarding the 

Fig. 1. Pre to post ratio for oxygen uptake at the end of the symptom-limited 
cardiopulmonary exercise test (V

.
O2 peak) and at ventilatory threshold (V

.
O2 

VT), slope of the V
.
O2/workload relation (V

.
O2/WL), half -recuperation time 

of V
.
Oz (T1/2) and distance in the 6-minute walk test (6-MWT) in “average 

exercise capacity” () and "low exercise capacity" () patients. (a) After 
electromyostimulation (EMS). (b) After conventional training. Values 
are expressed as mean (standard deviation (SD)). *p    ≤ 0.05, **p < 0.01, 
differences of the PRE to POST ratio (Newman-Keuls post hoc).
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development of heart failure: the disease and the subsequent 
inactivity lead to deconditioning characterized by alterations at 
the peripheral level, such as skeletal muscle atrophy, changes 
of fibre-composition, reduced capillary density and reduced 
cytochrome oxidase activity (35, 36). Thus, a method mainly 
improving peripheral factors, such as EMS, seems to be of 
great interest and particularly effective to improve exercise 
capacities in low exercise capacity patients. Regarding patients 
with average exercise capacity, the results may be explained by 
an insufficient intensity of stimulation. Indeed, some patients 
reached the maximum intensity deliverable by the stimulator  
after only a few weeks and therefore trained during several 
weeks at a submaximal intensity. It is well known that EMS-
induced benefits are related to the stimulation intensity and 
that at least 4 weeks at the maximal tolerable intensity are 
necessary to induce significant modifications of the myoty-
pology (increased transcription of myosin heavy chain-I and 
decreased transcription of myosin heavy chain-IIx) and the 
enzyme activity (increased oxidative potential) (37).

Our results also show that after conventional training, im-
provements in most parameters (V

.
O2 peak, slope V

.
O2/workload 

and T1/2) were greater in patients with average exercise capacity. 
These results may also be due to the training intensity: in most 
patients from the low group, the exercise capacity at baseline did 
not allow training work rates in excess of approximately 40 W. 
As the patients were already accustomed to these intensities 
from activities of daily living, training at this level would 
probably have had only slight effects (e.g. 21). 

This could also explain the increased value of the slope 
V
.
O2/workload obtained after conventional training in patients 

with low exercise capacity (whereas this parameter was de-
creased in patients with average exercise capacity). Indeed, as 
suggested above, the motor recruitment pattern and percent-
age distribution of type IIx fibres are thought to be the main 
determinants of V

.
O2 kinetics above the VT (14). For a given 

workload, type I fibres are more efficient compared with type 
IIx fibres in terms of oxygen requirement (14, 31). While 
aerobic training performed at or above the VT induces an 
increase in skeletal muscles oxidative capacity (a shift from 
type II to type I fibres and an increase in total volume density 
of mitochondria, a lower training intensity is not sufficient to 
induce these modifications (38, 39). 

Study limitations 
One could argue that the results of this study are not new, since 
several groups have already reported similar findings (9–11). 
However, as mentioned above, there is a need for repetition 
of studies investigating the effects of this method in order to 
assemble a body of evidence regarding its effectiveness. The 
parameter chosen to separate average and low exercise capacity 
patients, i.e. V

.
O2 at VT, may also be questionable. However, in 

regards of the literature, authors were of the opinion that this 
parameter is more accurate than peak V

.
O2 (40), NYHA class 

or left ventricular ejection fraction (41, 42).
Conclusions about the effects of EMS and conventional 

training in the subgroups are based on comparisons of percent-

age increases for each parameter. A greater number of patients 
are needed to highlight statistical differences.

In conclusion, 5 weeks of low-frequency EMS or conven-
tional aerobic exercise training induce similar beneficial effects 
on aerobic variables (assessed across the moderate to high 
workloads and during recovery), and on field test parameters 
in stable patients with CHF. These results therefore confirm 
that EMS is not only a good alternative to conventional reha-
bilitation, eliciting improvements of peripheral factors, but also 
an interesting new method, opening the door of rehabilitation 
to the most severely affected patients. However, due to the 
small number of patients in each subgroup (and thus the low 
statistical power of this study), caution should be applied when 
considering the results. An extension of this work would be 
to assess the effects of EMS in a larger population of patients 
with severe heart failure.
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