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he heart failure (HF) syndrome is
T rapidly becoming one of the most

prevalent cardiovascular diseases in
recent years and has a high mortality rate.
Depending on the age group, the preva-
lence of HF may vary from 1-2% in persons
aged 55-64 to 7-10% for those >75 years of
age. One out of two HF patients usually dies
within 5 years from the onset of the sym-
ptoms.!

Prior to the late 1980s bed rest and re-
stricted physical activity were recommend-
ed for all stages and forms of HF. However,
prolonged bed rest and physical inactivity
can lead to skeletal muscle atrophy, pul-
monary embolism, venous thrombosis, and
a further reduction in exercise tolerance
and exacerbation of symptoms.? The con-
cept of exercise training (ET) in patients
with chronic HF developed in the late 1980s.
Coats et al, in the first randomised study of
training patients with stable HF, showed
that eight weeks of ET led to an increase in
exercise capacity and to an improvement of
the abnormal sympathovagal balance.® Re-
search over the past 15 years has expanded
our understanding and knowledge of the
role of ET in patients with left ventricular
dysfunction and HF. Exercise and physical
activity were completely readdressed and
revised in this setting.>*> The purpose of

this review is to provide a brief overview of
the beneficial effects of physical training
and to discuss the current developments in
the methodology of exercise prescription
for HF patients.

Beneficial effects of physical training

Exercise intolerance and peripheral skeletal
muscle myopathy are two of the most im-
portant clinical and physical symptoms of
HF syndrome and are primarily attributed
to peripheral limitations, such as endothe-
lial and vascular dysfunction, persistent in-
flammation, decreased metabolic and ox-
idative capacity of the skeletal muscles, and
reduced musculoskeletal blood flow and O,
supply to active tissues.®® In addition, auto-
nomic nervous system imbalance’ and weak-
ened central haemodynamics!® form the
pathophysiological basis of the impaired
cardiovascular function and decreased phy-
sical capacity of HF patients.

Physical training results in significant
peripheral adaptations and in limited but
important central haemodynamic chang-
es, which contribute to curbing or even
reversing the development of the HF syn-
drome. There follows a brief outline of
the beneficial effects of ET in chronic HF
(Figure 1).
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Figure 1. Beneficial effects of physical training in heart failure.

Vascular, metabolic and anti-inflammatory effects
(Table 1)

Systematic aerobic exercise training (AT) increases
capillary density, promotes the synthesis and release
of nitric oxide, improves angiogenesis, vasodilation
and endothelial function, reduces oxidative stress and
peripheral vascular resistance in active tissues, and in-
creases metabolic capacity and musculoskeletal blood
ﬂOW.6’7’]]

Exercise training of HF patients is associated with
lower blood lactate threshold and blood lactate con-

Table 1. Vascular, anti-inflammatory and metabolic effects of ex-
ercise training in heart failure.

® Decreased oxidative stress

® Improved vasodilatory capacity and endothelial function
® Reduced systemic vascular resistance

® Increased musculoskeletal blood flow

® Inhibition of elevation of proinflammatory cytokines

® Reduced skeletal myocyte apoptosis

® Increased IGF-1 expression in skeletal muscles

® Attenuation and/or reversal of skeletal muscle atrophy
® Increased mitochondrial volume density

® Increased citrate synthase activity

® Improved oxidative and metabolic muscle capacity
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centration at standardised submaximal workload lev-
els,'? reduced depletion and more rapid resynthesis of
phosphocreatine,® and increased citrate synthase ac-
tivity.” Following AT, the mitochondrial total volume
density is increased, mitochondrial enzymatic activity
and skeletal muscles’ oxidative capacity are enhanc-
ed.”'>13 In addition, recent data indicate that continu-
ous AT improves phase II O, kinetics, which are an
indirect index of muscle oxidative capacity.'* In some
studies, a shift from IIb to ITa muscle fibre type’ and a
modest increase in type I muscle fibres'® have been
reported. Combination training (CT), that is AT com-
bined with resistance training (RT), improves both
oxidative and glycolytic skeletal muscle capacity,'® in-
creases the cross-sectional area of both these muscle
types,'? and improves neuromuscular function, all
leading to a significant increase in muscle strength
and endurance.'®!’

It is believed that persistent inflammation may con-
tribute to skeletal muscle myopathy and the pathogene-
sis of chronic HF. Long-term physical training, as op-
posed to acute bouts of exercise, seems to have impor-
tant anti-inflammatory effects.®®!® Recent data indi-
cate that exercise has a potent downregulatory effect
on platelet-mediated inflammation, decreasing plas-
ma levels of soluble CD40 ligand and P-selectin in
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chronic HF patients." Physical training seems to modu-
late beneficially the immune responses of HF, as ex-
pressed by elevated circulating proinflammatory cy-
tokines.?’ This in turn results in increased anti-apo-
ptotic factors and pronounced sensitisation of insulin-
like growth factor-1 (IGF-1) activity, known to be asso-
ciated with reduced skeletal myocyte apoptosis and re-
versal of muscle atrophy.®?!

Molecular effects of exercise training

So far there are only a limited number of available stud-
ies that investigated the molecular effects of physical
training and the exercise-induced cardiac and skeletal
muscle cell remodelling in HF.

Animal studies demonstrated that ET attenuates
the extent of apoptosis and alters the expression of con-
tractile and heat shock proteins.?? Treadmill exercise
has been reported to activate the c-jun n-terminal ki-
nase (JNK) signalling pathway —a family of intracellu-
lar signalling molecules that are activated in response to
cellular stresses—in the rat heart.”? Systematic ET may
have the potential to reduce the expression of the atro-
phy-related ubiquitin-proteasome pathway, which is vi-
tal for the breakdown of contractile proteins.**

Physical training seems to improve muscle pro-
tein synthesis through activation of the P13K/Akt mole-
cular signalling pathway as a result of an increase of
IGF-1 expression in skeletal and cardiac muscles.” In
addition, ET may attenuate protein degradation by in-
hibiting fork-head transcription factors (FOXO),
which are related to proteolysis-mediated muscle at-
rophy.” Exercise training activates several favourable
signalling pathways that lead to increased peroxisome
proliferator-activated receptor gamma co-activator
(PGC-1a) expression in skeletal and cardiac muscles,
a transcriptional factor which in turn regulates mito-
chondrial biogenesis and fatty acid oxidation.?> Final-
ly, ET is associated with increased expression of vas-
cular endothelial growth factor (VEGF), promoting
angiogenesis and relieving hypoxia, to which cardiac
and skeletal muscles are prone in HE.”»

Impaired calcium cycling may underlie contrac-
tile dysfunction of the failing heart.?® However, little
is known about possible ET effects on sarcoplasmic
reticulum calcium regulation in HF. Elucidating the
mechanisms responsible for disturbed excitation-con-
traction coupling in the failing heart?® and under-
standing the signalling pathways of the exercise-in-
duced adaptations in skeletal and cardiac muscles
cells will probably contribute to the development of

novel molecular and genetic therapies for cardiac dis-
ease in the future.

Improvement of sympathovagal balance and
chronotropic response to exercise

Physical training results in a significant decrease of
muscle sympathetic activity, lower levels of circulating
catecholamines, increased vagal tone, and improved
baroreceptor sensitivity.*’ In addition, new evidence
indicates that the exercise-induced enhanced central
antioxidant mechanisms and improved endothelium-
depended vasodilation activate favourable biological
and genetic adaptations that may lead to a decrease
of sympathetic outflow and normalisation of autonomic
function.!?” Heart rate (HR), both at rest>*** and at
submaximum workload,>**3! declines, while the rate-
pressure product at submaximum workload increases
more gradually and to lower levels.>* The chronotrop-
ic response to exercise is improved: HR is higher at
maximum workload*>* and lower during recovery.**

Cardiac function

Most studies agree that the impact of ET on central
haemodynamics is either modest or unimpressive.’
Moreover, little correlation exists between functional
capacity and ejection fraction or other haemodynamic
indices at rest.” These underline the argument that the
peripheral vascular and metabolic adaptations are the
major priority in HF interventions. On the other hand,
central haemodynamics at peak effort correlate well
with exercise capacity and their improvement must also be
an important target for HF rehabilitation programmes.
Indeed, AT has been reported to improve cardiac per-
formance and to increase stroke volume and cardiac
output at peak effort.'>* In addition, AT may attenu-
ate or even reverse left ventricular remodelling, and im-
prove systolic and diastolic function.***** Recent data
are inline with these findings, indicating that AT de-
creases end-diastolic and end-systolic volumes and in-
creases left ventricular ejection fraction.!**37 Howev-
er, other reports have pointed out that the exercise-in-
duced increase in ejection fraction is either not signifi-
cant or absent.?*132

Increase in exercise capacity and peak 0, uptake

Exercise training prolongs phase I O, kinetics,'* which
are a valuable cardiodynamic index, and increases the
oxygen uptake efficiency slope, which is an objective
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measure of cardiopulmonary function reserve and has a
high prognostic value in chronic HF.*® Overall, AT,
alone or combined with RT, significantly increases ex-
ercise capacity and VO,peak.>? Indeed, there is accu-
mulating evidence that CT maximises the beneficial
effects of physical training on exercise capacity and
VO,peak.”!® The exercise-dependent increase in
VO,peak usually ranges from 10-30%°*" and rarely
rises to 40-45%." In addition, there have been reports
of significant increases in VO, at the anaerobic thresh-
old (up to 25%), in exercise time, and in maximum work-
load achieved (up to 40%).27**3%3233 Patients with dias-
tolic dysfunction may also benefit from ET; it was
shown recently that physical training improved their
functional capacity and increased VO, peak by 30%.%

Improvement of respiratory function

Aerobic training leads to a decrease of minute ventila-
tion (VE) at submaximum workload, a lower respira-
tory rate, a lower tidal volume, a lower ventilatory equi-
valent for CO, (VE/VCO,) slope value, and a rise in
the anaerobic threshold.”®?*3* In addition, CT of the
upper extremities improves ventilation during exer-
cise as well as respiratory muscle endurance, resulting
in relief of breathlessness.*’ Exercise training reduces
the perceived sense of dyspnoea both at rest and dur-
ing exercise.” Inspiratory training increases the inspi-
ratory muscles’ strength and endurance*' and improves
exercise capacity and quality of life.**

Psychosocial benefits

Exercise training is an effective therapeutic approach
to reducing the dyspnoea and pronounced muscle fa-
tigue of HF patients, promoting their sense of inde-
pendence and psychosocial health.>!* Such a response,
together with the markedly improved quality of
life,' 128303243 i5 associated with less chronic illness be-
haviour, less depression, and improvement of their
general sense of wellbeing. Recent findings show that
ET may also be beneficial for patients with dyspnoea
and diastolic dysfunction, significantly increasing
their functional capacity and improving their quality
of life.* The data so far indicate that exercise increas-
es the survival time and reduces the mortality of heart
failure patients.?®** It is hoped that the large, ran-
domised, multi-centre trial HF-ACTION, which is ne-
arly completed and will soon report its findings,*® will
confirm the early results and allay the reservations held
by some researchers.>*’
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It is worth stressing that most ET studies report
great benefits to one or more quality of life parame-
ters.** Morbidity, hospital admissions, length of stay,
and treatment costs are all significantly reduced for pa-
tients who participate in structured ET programs, com-

pared to those who receive the usual clinical care for
HE 434447

Exercise prescription

Patients with mild to moderate and stable HF, with an
exercise capacity >3 metabolic equivalents (METSs),
may participate in rehabilitation programmes (Tables 2,
3). The majority of exercising HF patients have VO,
peak 11-19 mlO,/kg/min, ejection fraction 20%-40%,

Table 2. Heart failure: relative criteria necessary for the initiation
of exercise training.’

® Compensated heart failure for at least 3 weeks

® Ability to speak without dyspnoea (respiratory rate <30 breaths/
min)

® Resting heart rate <110 bpm

® |ess than moderate fatigue

® Cardiac index 2.1 L/min/m? (for invasively monitored patients)

® Central venous pressure <12 mmHg (for invasively monitored
patients)

Table 3. Relative and absolute contraindications for exercise train-
ing in patients with stable chronic heart failure.”

Relative Contraindications

. =1.8 kg increase in body mass over previous 1 to 3 days

. Concurrent continuous or intermittent dobutamine therapy

. Decrease in systolic blood pressure with exercise

. New York Heart Association Functional Class IV

. Complex ventricular arrhythmia at rest or appearing with
exertion

6. Supine resting heart rate =100 bpm

7. Pre-existing comorbidities

I R S

Absolute Contraindications

1. Progressive worsening of exercise tolerance or dyspnoea at
rest or on exertion over previous 3 to 5 days

. Significant ischaemia at low rates (<2 METS, = 50 W)

. Uncontrolled diabetes

. Acute systemic illness or fever

. Recent embolism

. Thrombophlebitis

. Active pericarditis or myocarditis

. Moderate to severe aortic stenosis

. Regurgitant valvular heart disease requiring surgery

10. Myocardial infarction within previous 3 weeks

11. New onset atrial fibrillation

Rele BN B Y
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and usually belong to New York Heart Association
(NYHA) classes II-TIT.>*474

Exercise prescription should be individualised, tai-
lored to the outcome of a symptom-limited cardiopul-
monary exercise test and to the patient’s clinical status.
The main goals are the dynamic enhancement of car-
diorespiratory fitness and the improvement of muscle
strength and endurance, without excessive pressure or
volume cardiac overload (Table 4).>*°

All HF patients who are enrolled in rehabilitation
programmes undergo cardiopulmonary exercise testing,
based on protocols with gradually increasing intensity
and a duration sufficient to elicit a full range of meta-
bolic responses.”’ Cardiopulmonary exercise test mea-
surements are of particular importance for the assess-

Table 4. Heart failure: outline of exercise training.

Phase I: Adaptation to exercise

Hospitalisation (if necessary, acute heart failure)
Inpatient physical training under supervision
Respiratory physical therapy, inspiratory muscle training
3-15 min of exercise for 2-4 s/d, 2-3 METs, for 3-5 weeks

Phase II: Improvement of cardiorespiratory fitness

Outpatient physical training under supervision
Respiratory physical therapy, inspiratory muscle training
Flexibility - stretching exercises, main muscle groups,

2-4 repetitions for 10-20 seconds each, mild discomfort
Moderate aerobic training at 40-70% of VO,peak

20-40 min of exercise, 3-4 s/w, for 3-4 months.
Callisthenics - Mild strengthening exercises, 4-6 muscle
groups,

® 1-2sets of 10 repetitions each, at 40-50% of 1-RM

Phase III: Dynamic increase of physical capacity

Outpatient physical training - rehabilitation centre
Vigorous continuous aerobic training at 60-80% of VO,peak
Intense interval training at 70-90% of VO,peak

30-50 min of exercise, 4-5 s/w for 3-6 months

Flexibility - stretching exercises, main muscle groups,

3-5 repetitions for 15-30 seconds each

Moderate strengthening exercises, 6-10 muscle groups,
2-3 sets of 10-15 repetitions each, at 50-60% of 1-RM

Phase IV: Maintenance of the training effects

® Long-term community or home training - independent
exercise

Moderate aerobic exercise at 60-70% of VO,peak

30-40 min of exercise, 3-4 s/w

Moderate resistance training

Leisure time activities - recreational sports

MET - metabolic equivalent of the task, s/d — sessions per day; s/w
—sessions per week; 1-RM — one repetition maximum.

ment of ventilatory abnormalities, risk stratification, de-
finition of the symptoms that set the upper limit of the
exercise intensity, and precise determination of VO,peak
and HRpeak achieved.”! Treadmill exercise protocols
are frequently chosen for patients who are to be en-
rolled in a continuous AT programme, while in the case
of interval AT the Meyer’s bicycle steep ramp test” is
usually used.

Throughout the course of the programme, the six-
minute walk test is used as a simple and inexpensive as-
sessment of functional capacity and physical symptoms.
However, it is questionable whether the changes in six-
minute walk are reliably connected with changes in
VO,peak and/or changes in physical symptoms in all
categories of HF patients.”>>* Standardised question-
naires, such as the “Minnesota Living with Heart Fail-
ure”, the “Chronic Heart Failure Questionnaire”, the
“Kansas City Cardiomyopathy Questionnaire”, and the
“SF-36” are usually used to assess the changes in clini-
cal status and quality of life of HF patients.*>>> It must
be pointed out, though, that there are no comparative
evaluations of these instruments, no such instrument
has measured quality of life in HF trials in a reliable or
reproducible fashion, and their usefulness has been
hampered by a lack of sensitivity to changes in health
status.*8°

Dyspnoea is usually assessed with the American
Thoracic Society’s 5-grade scale, or with the 10-grade
Borg scale.”” However, the reproducibility and the abili-
ty of these scales to evaluate changes in symptoms reli-
ably is questionable. Recently, a new dyspnoea self as-
sessment instrument — the Provocative Dyspnoea Assess-
ment— has been proposed, which uses a five-point Lik-
ert scale to yield a final Dyspnoea Severity Score.*®

Most published ET programmes last 8-26 weeks,
and the mode of exercise employs aerobic activities of
continuous or interval type and often combines aero-
bic with resistance training.’~**! High intensity inter-
val AT versus moderate continuous AT,!! and CT
versus AT alone have been found to be more effective
in increasing VO,peak, muscle strength and endurance,
and to improve the overall functional capacity of HF
patients.”!%9%% The intensity of exercise in continu-
ous AT usually ranges from 60 to 80% of HRpeak,
or 50 to 70%, and more rarely up to 80% of VO, pe-
ak.*»%%1 When interval AT is chosen, exercise in-
tensity may be increased up to 90% of HRpeak,'' or
up to 70-80% of maximum short time exercise capa-
city,>*? as determined by Meyer’s steep ramp test. In
a number of studies, periods of intensive ET are
followed by long periods of moderate exercise in or-
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der to maintain the beneficial effects of physical train-
ing, 474961

Inpatient rehabilitation - phase |

Phase I involves heart failure patients who need hospi-
talisation. It commences immediately after their hae-
modynamic stabilisation in the intensive care unit and
continues in the hospital’s rehabilitation department.
Stable HF patients may also participate in a phase I ET
programme as outpatients, as a way of gradually adapt-
ing to exercise demands. By hospital discharge, patients
should demonstrate an understanding of physical activi-
ties that may be inappropriate, be counselled to identify
abnormal signs and symptoms suggesting the need for
medical review, and be educated in the management of
possible limitations in their daily life activities.

During phase I, the rehabilitation programme aims
to counter the deleterious effects of bed rest, improve
functionality, achieve a safe exercise capacity >3 METSs,
and prepare the patient for a safer return to daily life
activities. Exercise prescription must define the appro-
priate modes, intensity, duration, frequency and rate of
progress (Table 5):

® Modes of exercise include self-care activities, simple
voluntary exercises with increasing range of motion,
and aerobic activities, such as walking and mild inter-
val cycling.

® Exercise intensity ranges between 1-3 METs. The
HR during exercise must not exceed 20 bpm above
HRrest. The rating of perceived exertion, based on
the 6 to 20 Borg scale, should not exceed 11 (light ex-
ertion).”’

® The duration of exercise initially ranges from 3-5
minutes and increases progressively to 15 minutes.

® The frequency of exercise in the intensive care unit is
3-4 short lasting sessions per day, followed by 1-2 ses-
sions per day in the physical therapy department.’”*

Exercise is terminated immediately if HR increases
more than 20-30 bpm above HRrest, or on the appear-
ance of signs and symptoms that suggest cardiovascular
insufficiency and deterioration in the patient’s clinical
condition (Table 6).

Outpatient rehabilitation - phase Il

All HF patients who satisfy the criteria listed in Tables
2 and 3, who have met the (inpatient) phase I rehabil-
itation goals, and who have an exercise capacity >3-4
METs, may continue exercising in phase I1.%*
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Table 5. Phase I: Activity guidelines for hospitalised heart failure
patients at different Rate of Progress levels.

Level Activity

1 Bed rest, supplemental O,, continuous positive airway
pressure (CPAP) or biphasic positive airway pressure
(BiPAP).

2 Bed rest, respiratory physical therapy, positioning, re-
laxation techniques.

3 Bed rest, range of motion exercises, inspiratory muscle
training.

4 Chair, mild resistance and flexibility exercises.

5 Room ambulation.

6 Hallway ambulation, stationary cycling: + 2 METs, 1-5
min, 2 s/d.

7 Physical Therapy Dept, warm-up and cool-down exer-
cises, stationary cycling: = 2 METSs, 3-8 min, 2 s/d.

8 Physical Therapy Dept, stationary cycling: = 3 METSs,
3-10 min, 2 s/d, stretching and strengthening exercises.

9 Physical Therapy Dept, stationary cycling: 3-4 METs,
5-15 min, 2 s/d.
Climbing stairs (1 to 2 floors).
Management of possible limitations in daily life activi-
ties.
Understanding of physical activities that may be inap-
propriate.

10 Patient discharged, participation in phase II rehabilita-

tion program.

MET - metabolic equivalent of the task; s/d — sessions per day.

After a thorough and detailed evaluation, the par-
ticipants are trained, as outpatients, in an appropriately
organised and equipped rehabilitation department un-
der medical and clinical supervision. Medical supervi-
sion is strongly suggested, since apart from the patient’s
precarious clinical condition a variety of symptoms may
appear, including hypotension, arrhythmias, exercise-
induced angina, or other symptoms of cardiovascular

Table 6. Physical training in heart failure: criteria indicating the
need for exercise discontinuation.>%%3

® HR during exercise > HRrest + 20 bpm

® Plateau or decrease in SBP >10 mmHg

® Poor pulse pressure (<10 mmHg difference between SBP and
DBP)

® Respiratory rate of >40 breaths.min™ during exercise

® Development of an S; or pulmonary rales

® Increase in pulmonary rales

® Increase in the second component of the second sound (P,)

® Significant ventricular or atrial dysrhythmias

® Second or third-degree heart block

® Onset of angina, ischaemic ECG changes

® Marked dyspnoea or fatigue (=14 on Borg scale)

® Diaphoresis, pallor or confusion

DBP - diastolic blood pressure; HR — heart rate; SBP — systolic
blood pressure.
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decompensation.>% Medical supervision should com-
prise: pulmonary and cardiac auscultation; check for
body weight, peripheral oedema; monitoring of HR,
blood pressure, rhythm and symptoms (before and dur-
ing training); pulmonary and cardiac auscultation (after
training).%

The main goals of phase II rehabilitation are the
enhancement of cardiorespiratory and muscle fitness,
attainment of a safe exercise capacity >5-6 METS, limi-
tation of dyspnoea and early muscle fatigue, psychologi-
cal support and improvement of the patient’s quality of
life. The essential components of a systematic, individu-
alised exercise prescription include the following.

Modes of exercise

During warm up, range of motion and flexibility exer-
cises are used. Flexibility training involves stretching
the main muscle groups with 2-4 repetitions each, for
2-3 times per week, holding at a position of mild dis-
comfort for 15-30 5.°+% Throughout the dynamic phase
of the session, combined callisthenics and aerobic exer-
cises are prescribed. The use of a bicycle ergometer at
a power setting up to 60-75 W (4-5 METS) is the ideal
means of exercising for most HF patients, especially
when interval AT is chosen.>? Alternatively, walking on
a treadmill ergometer at a speed up to 6-7 km/h (4-5
METS) can be recommended. Mild strengthening exer-
cises, for 1-2 times per week, can be added as phase 11
progresses.

Other popular free activities, such as running or
intense outdoor cycling, are not advisable for HF pa-
tients, because they are associated with exaggerated
cardiovascular and metabolic responses, correspond-
ing to bicycle ergometer exercise at a power of 80-
150 W.2 Patients with chronic diastolic or systolic dys-
function should refrain from swimming and water ex-
ercises with head-out water immersion, since the
increased hydrostatic pressure results in left ventricu-
lar overload and in increased pulmonary capillary
wedge pressure.”%%60

Initially, patients with limited exercise tolerance
cannot exercise continuously for a satisfactory length of
time, and for this reason interval AT is suggested, with
the continuous method reserved for later. Although the
majority of published exercise trials use continuous
AT, it has been shown that intensive interval AT
causes a stronger peripheral muscle stimulus and a
more rapid improvement in VO,peak and in the
anaerobic threshold, without inducing excessive car-
diovascular stress.>!4%32

Intensity of exercise

During phase II, the intensity of effort in continuous
AT should range from 40-70% of VO,peak and/or 50-
70% of heart rate reserve (HRR).>*5160% I interval
treadmill exercise, intensity may increase up to 80% of
VO,peak or 80% of HRR for 3-5 min, followed by
walking periods of mild intensity (<50% of HRR).!!
The rating of perceived exertion, based on the 6 to 20
Borg scale, must not exceed 13 (somewhat hard).>*
Dyspnoea during exercise should not exceed +2 (mild,
some difficulty) on the five-grade dyspnoea scale,®’
while on the 10-grade scale it should be less than 3
(moderate).”’

The regulation of exercise intensity should prefer-
ably be based on VO,peak attained during cardiopul-
monary testing. Monitoring intensity based only on rat-
ing of perceived exertion or on sole HR measurements,
especially in patients who are taking beta-blockers,
should be avoided, since HF patients have a poor chro-
notropic response to exercise.”®’ The exercise intensity
must be prescribed with care, so that it will not lead to
myocardial ischaemia, a decrease in ejection fraction,
pulmonary capillary wedge pressure >20 mmHg, or ex-
ceeding the anaerobic threshold (Table 6).

In stationary cycling interval AT is recommended,
with an exercise/relaxation cycle of 30/60 s and an ex-
ercise intensity of 50-60% of the maximum short time
exercise capacity, based on Meyer steep ramp test.
During cool down the patient continues to exercise,
but at a very low intensity (10-15 W). This cycle can
be repeated 10 times in a 15-minute session. On the
treadmill, the patient can carry out interval AT ini-
tially with a 60/60s cycle, progressing to exercise cy-
cles of 2-10 min with relaxation periods of 1-2 min.
An indicative recommendation is a 60 s exercise cycle
at a speed of 4 km/h followed by another 60 s of low-
intensity exercise at a speed of 1.5 km/h. 2520

Duration and frequency of exercise

Heart failure patients may exercise 3-5 times per week,
for 20-40 min per session.’% Initially, the total dura-
tion of the session should not exceed 10 to 20 min
(moderate interval AT). The session duration is grad-
ually prolonged until continuous AT is given for 15-20
min, during the dynamic part of the session. Heart
failure patients tend to have slower cardiovascular
adaptation to exercise and slower recovery from a giv-
en work rate.’! Thus, the training plan should allow
for long warm-up and cool-down periods (8-12 min),
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in order to avoid blood pressure, ischaemic and car-
diac rhythm disturbances.®*®” In general, progression
of ET should be followed in the order: prolong the
duration, then increase frequency, then augment in-
tensity.

Phase II may last as long as 3-4 months. Usually,
the initial benefits in aerobic capacity and muscle
strength become apparent after the first month, while
the improvement in the patient’s functional capacity
peaks between the 16th and 26th week of the program-
me (phase IIT).%

Respiratory physical therapy in heart failure

Respiratory physical therapy is particularly useful and
supplements the treatment protocol during rehabilita-
tion phases I and II. The primary goals are the preven-
tion of pulmonary complications, an increase in the res-
piratory muscles’ strength and endurance, a lower res-
piratory rate, and the improvement of exercise capacity
with less dyspnoea.®® For outcome assessment, ratings
of dyspnoea during exercise, maximum inspiratory and
expiratory pressure should be measured before and af-
ter the training period.*” For this purpose, inspiratory
muscle training via the “threshold” device is prescribed
at an intensity of 15-60% of maximal inspiratory pres-
sure, with a duration of 20-30 min, for 3-5 sessions per
week, and for a period of 2-3 months.>%>% The pro-
gramme may be supported with expiratory muscle train-
ing,%® while in some centres yoga breathing has been
used successfully, with a controlled inspiration-expira-
tion rhythm and a respiratory rate of 15, 10, or 6 breaths
per minute.>%% Yoga exercises mobilise the dia-
phragm, abdominal and chest muscles in sequence.
This may help to improve awareness of breathing, de-
crease resting respiratory rate, increase tidal volume
and, as a consequence, help to diminish atelectasis.”

Outpatient rehabilitation - phases Il and IV

All stable HF patients who have met phase I and II re-
habilitation goals, with an exercise capacity >5-6 METs,
may continue exercising in phase III. The main goals
are the dynamic increase of cardiorespiratory and mus-
cle fitness and the further improvement of patients’
overall physical capacity.

In phase III, HF patients may be trained in reha-
bilitation centres outside hospital, under clinical su-
pervision. Flexibility and continuous and/or interval
AT with moderate strengthening exercises are used.*
The exercise intensity ranges from 60-80% of VO,peak,
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or 60-80% of HRR, when the continuous mode of
training is selected.’>"**% Interval AT in the form of
stationary cycling is also used, with an exercise/recovery
cycle of 15/60 s or 10/60 s 10-12 times in a 15 min ses-
sion, up to an intensity of 70-80% of the maximum
short time exercise capacity.>”" Horizontal cycling at 12-
13 km/h (4-5 METS) in normal weather conditions can
be prescribed in stable HF patients with an exercise ca-
pacity >7 METs.>® Exercise duration ranges from 30
to 50 min, 4-5 times per week.

Discontinuation of physical training, or return to
physical inactivity after completion of the ET program,
is followed by a rapid loss of the physiological and func-
tional benefits within several weeks or months.®’ In ac-
cordance with this, recent data indicate that the signifi-
cant anti-inflammatory effects of a 20-week ET pro-
gramme disappeared after one year without systematic
exercise."”

In phase IV, systematic exercise aims to maintain
the developed beneficial effects of physical training.
In case of community or home exercise programmes,
frequent communication with the treating physician is
essential, while transtelephonic electrocardiographic
monitoring may also be used. The HR during exercise
and the energy expenditure are monitored with stan-
dardised HR watches and walking pedometers.”" In
phase IV, 30-40 min of moderate exercise (brisk walk-
ing, callisthenics, stationary cycling and treadmill ex-
ercise) for 3-4 days per week and frequent bouts of
leisure time activities and recreational sports are con-
sidered adequate for the long-term maintenance of
the improved cardiorespiratory fitness and the in-
creased physical capacity developed in the previous
phases.

Resistance training in heart failure

Until the late 1990s, RT was contraindicated for HF pa-
tients, and the existing guidelines still view it with great
caution.>>!”"”> However, there is a growing body of evi-
dence that RT is indeed safe for most HF patients”!°
and may even be more effective than AT alone in re-
versing peripheral metabolic limitations and skeletal
muscle myopathy, and in increasing overall functional
capacity.!®0%% Patients with chronic, low-risk HF, in
NYHA classes I-I11, with moderate to good left ventric-
ular function, without angina or ischaemic ECG distur-
bances and dysrhythmias, and without uncontrolled hy-
pertension or moderate to severe aortic stenosis, may
follow a moderate RT program. Mild strengthening
exercises may be prescribed as soon as possible. How-
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ever, essential prerequisites, such as AT for at least sev-
eral weeks and an exercise capacity >5 METs, must be
satisfied before the initiation of a more dynamic and
structured RT programme for HF patients.'””?

The European Society of Cardiology suggests the
performance of rhythmic strengthening exercises using
short bouts of work phases, with small numbers of repe-
titions, and a work-recovery ratio of 1:2.> The rhythmic
sequence of the exercise, the unilateral activation of the
upper and lower limbs, and the involvement of prefer-
ably just one muscle group per activity, ensure the grad-
ual strengthening of the body without either marked in-
crements in systemic vascular resistance or a significant
reduction in left ventricular ejection fraction and stroke
work index indicating an acute overloading of the left
ventricle.>**® In addition, shortening the isometric and
lengthening the isotonic phase of the exercise may help
to avoid haemodynamic strain.”® For increased patient
safety, ECG, blood pressure and body weight must be
monitored during the first 4-6 weeks of RT.

Depending on NYHA class, the strengthening of 4-
10 muscle groups of the upper body, lower body and
the trunk is suggested. Resistance training consists of 1-
3 sets of at most 10-15 repetitions for each muscle group
(or weight station), a contraction duration of 4-6 s (2-3 s
for concentric, 2-3 s for eccentric phase), with adequate
rest intervals (1-2 min) between the series, at an intensi-
ty of 40-60% of 1-repetition maximum (1-RM).!6:17:6372
The RT session may last 10-30 min and be repeated on
2-3 days per week. It must be pointed out that during
effort breath holding (Valsava manoeuvre) must be
avoided. In addition, regulating the intensity of RT
based on maximum voluntary contraction should not be
used. This method of intensity monitoring is associated
with isometric training and requires a maximum iso-
metric contraction test.

Finally, it is worth noting that the use of neuro-
muscular electrical stimulation in HF patients seems
to improve muscular” and endothelial function,’* and
increase exercise capacity.”

Conclusions

Structured and systematic physical training must be
an essential part of the overall clinical care of chronic
heart failure syndrome. Long-term exercise results in
peripheral vascular, oxidative and metabolic adapta-
tions, in improvement of autonomic control, and in
limited central haemodynamic changes. These benefi-
cial effects may contribute to curbing and/or reversing
the pathophysiological mechanisms that lead to the

occurrence or the deterioration of HF syndrome. The
primary goal of exercise prescription is to develop an
individualised exercise programme combining aero-
bic with resistance training in order to enhance car-
diorespiratory and muscular fitness, increase total
physical capacity, and improve the quality of life of
HF patients. Exercise makes a decisive contribution
to reducing morbidity, hospitalisation, treatment costs
and a likely improvement in the patient’s survival ex-
pectancy and mortality.

References

1. Mosterd A, Hoes AW. Clinical epidemiology of heart failure.
Heart. 2007; 93: 1137-1146.

2. Working Group on Cardiac Rehabilitation and Exercise Physi-
ology and Working Group on Heart Failure of the European
Society of Cardiology. Recommendations for exercise training
in chronic heart failure patients. Eur Heart J. 2001; 22: 125-135.

3. Coats AJ, Adamopoulos S, Meyer TE, Conway J, Sleight P.
Effects of physical training in chronic heart failure. Lancet.
1990; 335: 63-66.

4. Corra U, Giannuzzi P, Adamopoulos S, et al. Executive sum-
mary of the position paper of the Working Group on Cardiac
Rehabilitation and Exercise Physiology of the European So-
ciety of Cardiology (ESC): core components of cardiac reha-
bilitation in chronic heart failure. Eur J Cardiovasc Prev Re-
habil. 2005; 12: 321-325.

5. Pina IL, Apstein CS, Balady GJ, et al. Exercise and heart fail-
ure: A statement from the American Heart Association Com-
mittee on exercise, rehabilitation and prevention. Circula-
tion. 2003; 107: 1210-1225.

6. Adamopoulos S, Parissis JT, Kremastinos DT. New aspects
for the role of physical training in the management of pa-
tients with chronic heart failure. Int J Cardiol. 2003; 90: 1-14.

7. Duscha BD, Schulze PC, Robbins JL, Forman DE. Implica-
tions of chronic heart failure on peripheral vasculature and
skeletal muscle before and after exercise training. Heart Fail
Rev. 2008; 13: 21-37.

8. Niebauer J. Effects of exercise training on inflammatory
markers in patients with heart failure. Heart Fail Rev. 2008;
13:39-49.

9. Negrao CE, Middlekauff HR. Adaptations in autonomic
function during exercise training in heart failure. Heart Fail
Rev. 2008; 13: 51-60.

10. Mezzani A, Corra U, Giannuzzi P. Central adaptations to ex-
ercise training in patients with chronic heart failure. Heart
Fail Rev. 2008; 13: 13-20.

11. Wisloff U, Stoylen A, Loennechen JP, et al. Superior cardio-
vascular effect of aerobic interval training versus moderate
continuous training in heart failure patients. Circulation. 2007;
115: 3086-3094.

12. Belardinelli R, Georgiou D, Scocco V, Barstow TJ, Purcaro
A. Low intensity exercise training in patients with chronic
heart failure. J Am Coll Cardiol. 1995; 26: 975-982.

13. Piepoli MF, Flather M, Coats AJ. Overview of studies of exer-
cise training in chronic heart failure: the need for a prospective
randomized multicentre European trial. Eur Heart J. 1998; 19:
830-841.

14. Roditis P, Dimopoulos S, Sakellariou D, et al. The effects of

(Hellenic Journal of Cardiology) HJC ® 275



G. Papathanasiou et al

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

exercise training on the kinetics of oxygen uptake in patients
with chronic heart failure. Eur J Cardiovasc Prev Rehabil.
2007; 14: 304-311.

Hambrecht R, Fiehn E, Yu J, et al. Effects of endurance train-
ing on mitochondrial ultrastructure and fiber type distribu-
tion in skeletal muscle of patients with stable chronic heart
failure. J Am Coll Cardiol. 1997; 29: 1067-1073.

Braith RW, Beck DT. Resistance exercise: training adapta-
tions and developing a safe exercise prescription. Heart Fail
Rev. 2008; 13: 69-79.

Williams MA, Haskell WA, Ades PA, et al. Resistance exer-
cise in individuals with and without cardiovascular disease:
2007 update: a scientific statement from the American Heart
Association, Council on Clinical Cardiology and Council on
Nutrition, Physical Activity and Metabolism. Circulation.
2007; 116: 572-584.

Adamopoulos S, Parissis JT, Kremastinos DT. Proinflammato-
ry cytokines and peripheral myopathy in patients with chronic
heart failure: the beneficial effects of physical exercise. Hellenic
J Cardiol. 2004; 45: 218-221.

Bjgrnstad HH, Bruvik J, Bjgrnstad AB, et al. Exercise train-
ing decreases plasma levels of soluble CD40 ligand and P-se-
lectin in patients with chronic heart failure. Eur J Cardiovasc
Prev Rehabil. 2008; 15: 43-48.

Adamopoulos S, Parissis J, Karatjas D, et al. Physical training
modulates proinflammatory cytokines and the soluble Fas/solu-
ble Fas ligand system in patients with chronic heart failure. J
Am Coll Cardiol. 2002; 39:653-663.

Hambrecht R, Schulze PC, Gielen S, et al. Effects of exercise
training on insulin-like growth factor-I expression in the
skeletal muscle of non-cachectic patients with chronic heart
failure. Eur J Cardiovasc Prev Rehabil. 2005; 12:401-406.

Siu PM, Bryner RW, Martyn JK, Alway SE. Apoptotic adap-
tations from exercise training in skeletal and cardiac muscles.
FASEB J. 2004; 18: 1150-1152.

Boluyt MO, Loyd AM, Roth MH, Randall MJ, Song EF. Ac-
tivation of JNK in rat heart by exercise: effect of training. Am
J Physiol Heart Circ Physiol. 2003; 285: H2639-H2647.

Jones SW, Hill RJ, Krasney PA, O’Conner B, Peirce N, Green-
haff PL. Disuse atrophy and exercise rehabilitation in hu-
mans profoundly affects the expression of genes associated
with the regulation of skeletal muscle mass. FASEB J. 2004;
18: 1025-1027.

Ventura-Clapier R, Mettauer B, Bigard X. Beneficial effects
of endurance training on cardiac and skeletal muscle energy
metabolism in heart failure. Cardiovasc Res. 2007; 73: 10-18.
Gregory KN, Kranias EG. Targeting sarcoplasmic reticulum
calcium handling proteins as therapy for cardiac disease. Hel-
lenic J Cardiol. 2006; 47: 132-143.

Belardinelli R. Exercise training in chronic heart failure: how
to harmonize oxidative stress, sympathetic outflow, and an-
giotensin II. Circulation. 2007; 115: 3042-3044.

Belardinelli R, Georgiou D, Cianci G, Purcaro A. Random-
ized, controlled trial of long-term moderate exercise training
in chronic heart failure: effects on functional capacity, quality
of life, and clinical outcome. Circulation. 1999; 99: 1173-1182.
Klecha A, Kawecka-Jaszcza K, Baciora B, et al. Physical
training in patients with chronic heart failure of ischemic ori-
gin: effect on exercise capacity and left ventricular remodel-
ling. Eur J Cardiovasc Prev Rehabil. 2007; 14: 85-91.
Giannuzzi P, Temporelli PL, Corra U, Tavazzi L. Antiremod-
eling effect of long-term exercise training in patients with sta-
ble chronic heart failure: results of the exercise in left ventric-

276 @ HJC (Hellenic Journal of Cardiology)

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

ular dysfunction and chronic heart failure (ELVD-CHF) tri-
al. Circulation. 2003; 108: 554-559.

McKelvie RS, Teo KK, Roberts R, et al. Effects of exercise
training in patients with heart failure: the Exercise Rehabili-
tation Trial (EXERT). Am Heart J. 2002; 144: 23-30.

van Tol BA, Huijsmans RJ, Kroon DW, Schothorst M,
Kwakkel G. Effects of exercise training on cardiac perfor-
mance, exercise capacity and quality of life in patients with
heart failure: a meta-analysis. Eur J Heart Fail. 20006; 8: 841-
850.

Belardinelli R, Georgiou D, Ginzton L, Cianci G, Purcaro A.
Effects of moderate exercise training on thallium uptake and
contractile response to low-dose dobutamine of dysfunctional
myocardium in patients with ischemic cardiomyopathy. Cir-
culation. 1998; 97: 553-561.

Myers J, Hadley D, Oswald U, et al. Effects of exercise train-
ing on heart rate recovery in patients with chronic heart fail-
ure. Am Heart J. 2007; 153: 1056-1063.

Hambrecht R, Gielen S, Linke A, et al. Effects of exercise
training on left ventricular function and peripheral resistance
in patients with chronic heart failure: a randomized trial.
JAMA. 2000; 283: 3095-3101.

Haykowsky MJ, Liang Y, Pechter D, Jones LW, McAlister FA,
Clark AM. A meta-analysis of the effect of exercise training on
left ventricular remodeling in heart failure patients. J Am Coll
Cardiol. 2007; 49: 2329-2336.

Giallauria F, Cirillo P, Lucci R, et al. Left ventricular remod-
elling in patients with moderate systolic dysfunction after my-
ocardial infarction: favourable effects of exercise training and
predictive role of N-terminal pro-brain natriuretic peptide.
Eur J Cardiovasc Prev Rehabil. 2008; 15: 113-118.

Gademan MG, Swenne CA, Verwey HF, et al. Exercise train-
ing increases oxygen uptake efficiency slope in chronic heart
failure. Eur J Cardiovasc Prev Rehabil. 2008; 15: 140-144.
Smart N, Haluska B, Jeffries L, Marwick TH. Exercise train-
ing in systolic and diastolic dysfunction: Effects on cardiac
function, functional capacity, and quality of life. Am Heart J.
2007; 153: 530-536.

McConnell TR, Mandak JS, Sykes JS, Fesniak H, Dasgupta
H. Exercise training for heart failure patients improves respi-
ratory muscle endurance, exercise tolerance, breathlessness
and quality of life. J Cardiopulm Rehab. 2003; 23: 10-16.
Weiner P, Waizman J, Magadle R, Berar-Yanay N, Pelled B.
Effect of specific inspiratory muscle training on dyspnoea and
exercise tolerance in congestive heart failure. Harefuah. 1999;
136: 774-777.

Laoutaris ID, Dritsas A, Brown MD, et al. Inspiratory muscle
training in a patient with left ventricular assist device. Hel-
lenic J Cardiol. 2006; 47: 238-241.

Austin J, Williams WR, Ross L, Hutchison S. Five-year fol-
low-up findings from a randomized controlled trial of cardiac
rehabilitation for heart failure. Eur J Cardiovasc Prev Reha-
bil. 2008; 15: 162-167.

Capomolla S, Febo O, Ceresa M, et al. Cost/utility ratio in
chronic heart failure: comparison between heart failure man-
agement program delivered by day-hospital and usual care. J
Am Coll Cardiol. 2002; 40: 1259-1266.

Piepoli MF, Davos C, Francis DP, Coats AJ; ExTra MATCH
Collaborative. Exercise training meta-analysis of trials in pa-
tients with chronic heart failure (ExTraMATCH). BMJ. 2004;
328:189-192.

Whellan DJ, O’Connor CM, Lee KL, et al. Heart failure and a
controlled trial investigating outcomes of exercise training (HF-



Physical Training and Exercise in Heart Failure

47.

48.

49.

50.

S1.

52.

53.

54.

S5.

56.

57.

58.

59.

ACTION): design and rationale. Am Heart J. 2007; 153: 201-
211.

Colonna P, Sorino M, D’Agostino C, et al. Nonpharmacolog-
ic care of heart failure: counselling, dietary restriction, reha-
bilitation, treatment of sleep apnea, and ultrafiltration. Am J
Cardiol. 2003; 91: 41£-50f.

Morgan K, McGee H, Shelley E. Quality of life assessment in
heart failure interventions: a 10-year (1996-2005) review. Eur
J Cardiovasc Prev Rehabil. 2007; 14: 589-607.

Kavanagh T. Chronic Heart Failure. In: American Associa-
tion of Cardiovascular and Pulmonary Rehabilitation. Car-
diac Rehabilitation Resource Manual. 4th ed. USA: Human
Kinetics; 2006. p. 141-147.

Piepoli MF, Corra U, Agostoni PG, et al; Task Force of the
Italian Working Group on Cardiac Rehabilitation Preven-
tion; Working Group on Cardiac Rehabilitation and Exercise
Physiology of the European Society of Cardiology. Statement
on cardiopulmonary exercise testing in chronic heart failure
due to left ventricular dysfunction: recommendations for per-
formance and interpretation. Part I: definition of cardiopul-
monary exercise testing parameters for appropriate use in
chronic heart failure. Eur J Cardiovasc Prev Rehabil. 2006;
13: 150-164.

Myers J. Principles of exercise prescription for patients with
chronic heart failure. Heart Fail Rev. 2008; 13: 61-68.

Meyer K, Samek L, Schwaibold M, et al. Interval training in
patients with severe chronic heart failure: Analysis and rec-
ommendations for exercise procedures. Med Sci Sports Ex-
erc. 1997; 29: 306-312.

Cheetham C, Taylor R, Burke V, et al. The 6-minute walk
test does not reliably detect changes in functional capacity of
patients awaiting cardiac transplantation. J Heart Lung Trans-
plant. 2005; 24: 848-853.

Ingle L, Rigby AS, Carroll S, et al. Prognostic value of the 6
min walk test and self-perceived symptom severity in older
patients with chronic heart failure. Eur Heart J. 2007; 28:
560-568.

Radford M, Arnold JM, Bennett S, et al. ACC/AHA Key da-
ta elements and definitions for measuring the clinical man-
agement and outcomes of patients with chronic heart failure.
A report of the American College of Cardiology/American
Heart Association task force on clinical data standards. J Am
Coll Cardiol. 2005; 46: 1179-1207.

Hak T, Willems D, van der Wal G, Visser F. A qualitative
validation of the Minnesota Living with Heart Failure Ques-
tionnaire. Qual Life Res. 2004; 13: 417-426.

Cahalin L. Cardiac Muscle Dysfunction. In: Hillegas E, Sad-
owski S, editors. Essentials of Cardiopulmonary Physical Thera-
py. 2nd ed. Philadephia: WB Saunders Co.; 2001. p. 106-180.
Pang PS, Cleland JG, Teerlink JR, et al. A proposal to stan-
dardize dyspnoea measurement in clinical trials of acute
heart failure syndromes: the need for a uniform approach.
Eur Heart J. 2008; 29: 816-824.

Lloyd-Williams F, Mair FS, Leitner M. Exercise training and

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

heart failure: a systematic review of current evidence. Br J
Gen Pract. 2002; 52: 47-55.

Meyer K. Exercise training in heart failure: recommendations
based on current research. Med Sci Sports Exerc. 2001; 33:
525-531.

Coats AJ. Exercise and heart failure. In: Balady G, editor.
Exercise in secondary prevention and cardiac rehabilitation.
Cardiology Clinics. 2001; 19: 517-524.

Green DJ, Watts K, Maiorana AJ, O’Driscoll GJ. A compari-
son of ambulatory oxygen consumption during circuit train-
ing and aerobic exercise in patients with chronic heart failure.
J Cardiopulm Rehabil. 2001; 21: 167-174.

Feiereisen P, Delagardelle C, Vaillant M, et al. Is strength
training the more efficient training modality in chronic heart
failure? Med Sci Sports Exerc. 2007; 39: 1910-1917.
American College of Sports Medicine. ACSM’s Guidelines
for Exercise Testing and Prescription. 7th ed. Philadelphia:
Lippincott Williams & Wilkins; 2006. p. 158-160 & 174-194.
American Association of Cardiovascular and Pulmonary Re-
habilitation. Guidelines for cardiac rehabilitation and sec-
ondary prevention programs, 4th ed. USA: Human Kinetics;
2004; p. 107-129 & 151-157.

Meyer K, Bucking J. Exercise in heart failure: should aqua
therapy and swimming be allowed? Med Sci Sports Exerc.
2004; 36: 2017-2023.

Braith RW. Exercise training in patients with CHF and heart
transplant recipients. Med Sci Sports Exerc. 1998; 30: S367-S378.
Mancini DM, Henson D La Manca J, Donchez L, Levine S.
Benefit of selective respiratory muscle training on exercise
capacity in patients with chronic congestive heart failure. Cir-
culation. 1995; 91: 320-329.

Oka RK, De Marco T, Haskell WL, et al. Impact of a home-based
walking and resistance training programme on quality of life in
patients with heart failure. Am J Cardiol. 2000; 85: 365-369.
Meyer K, Samek L, Schwaibold M, et al. Physical responses
to different modes of interval exercise in patients with chron-
ic heart failure — application to exercise training. Eur Heart J.
1996; 17: 1040-1047.

Smart N, Haluska B, Jeffriess L, Marwick TH. Predictors of
sustained response to exercise training in patients with chron-
ic heart failure: A telemonitoring study. Am Heart J. 2005;
150: 1240-1247.

Bjarnason-Wehrens B, Mayer-Berger W, Meister E, Baum K,
Hambrecht R, Gielen S. Recommendations for resistance exer-
cise in cardiac rehabilitation. Recommendations of the German
Federation for Cardiovascular Prevention and Rehabilitation.
Eur J Cardiovasc Prev Rehabil. 2004; 11: 352-361.

Nuhr MJ, Pette D, Berger R, et al. Beneficial effects of chronic
low frequency stimulation of thigh muscles in patients with ad-
vanced chronic heart failure. Eur Heart J. 2004; 24: 136-143.
Karavidas Al, Raisakis KG, Parisis JT, et al. Functional elec-
trical stimulation improves endothelial function and reduces
peripheral immune responses in patients with chronic heart
failure. Eur J Cardiovasc Prev Rehabil. 2006; 13: 592-597.

(Hellenic Journal of Cardiology) HJC e 277



