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bstract

Chronic heart failure (CHF) is a complex syndrome characterised by progressive decline in left ventricular function, low exercise tolerance
nd raised mortality and morbidity. Regular exercise participation has been shown to be a safe and effective treatment modality in the
ajority of CHF patients, partially reversing some of the maladaptations evident in myocardial and skeletal muscle function, and resulting in

mprovements in physical fitness and quality of life, and perhaps reduced mortality. The volume and intensity of exercise that is recommended
epends on the syndrome severity, however in most patients it should consist of a combination of low-to-moderate intensity aerobic (endurance)
xercise on most days of the week and individually prescribed low-to-moderate intensity resistance (strength) training at least twice per week.

dditionally, all patients should be closely monitored prior to and during exercise for contraindications by an appropriately trained health
rofessional. The purpose of this statement is to inform and guide exercise practitioners and health professionals in the safe and effective
rescription and supervision of exercise for patients with CHF.

2010 Published by Elsevier Ltd on behalf of Sports Medicine Australia.
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. Background

This Position Statement provides evidence-based guide-
ines for exercise interventions in individuals with stable
hronic heart failure (CHF).
CHF is a complex clinical syndrome in which the ability
f the left ventricle to fill with or eject blood1 is impaired.
he diagnosis requires a combination of specific clinical
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eatures linked with an objective demonstration of abnor-
al left ventricular function. The overall prevalence of heart

ailure in general Australian population is approximately
.5% in people aged 55–64 to 8.2% in those aged 75 years
nd over.2 It is one of the most common reasons for hos-
ital admission and it is estimated that in Australia CHF
ccounts for a total of 100,000 hospitalisations per annum
ith 1.4 million days of hospital stay at a cost of >$1 bil-
ion annually.3 CHF is also extremely common in general (or
amily medicine) practice in Australia with a prevalence of
3.2% in consecutive consultations with patients over the age
f 60 years.4

rts Medicine Australia.
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Table 1
NYHA classification.

Class I No symptoms at rest, symptoms only at levels of exertion
that would limit healthy individual

Class II No symptoms at rest or mild exertion, symptoms on
moderate exertion
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lass III No symptoms at rest, symptoms at mild exertion
lass IV Symptoms at rest

The prognosis for patients with CHF remains poor in
pite of improved medical treatments.5 The two main causes
f heart failure are hypertension and coronary artery dis-
ase, where long-term exposure to raised pressure, or acute
nsult to the cardiac muscle, result in ventricular remod-
lling and dysfunction.6 The hallmark symptoms of CHF are
atigue7 and dyspnea,8 accompanied by decreased exercise
olerance,9 and strength.9,10 The severity of CHF symptoms
re commonly classified under the New York Heart Associ-
tion (NYHA) classification system (Table 1).1

Although reduced cardiac output defines the syndrome
f CHF, it is widely accepted that functional capacity and
ardiac function are poorly correlated and that peripheral
actors including impaired blood flow11 and skeletal muscle
ysfunction contribute to the exercise intolerance evident in
his group. Functional capacity, ideally measured as peak car-
iopulmonary oxygen uptake (V̇O2 peak), is more important
han ejection fraction and pulmonary artery wedge pressure
s a prognostic indicator in advanced HF, and V̇O2 peak
redicts survival better than changes in these haemodynamic
ndices.12,13

. Role of exercise for management of CHF

Physical inactivity is a risk factor for heart disease.14 The
mportance of adding exercise to the medical management
f patients with CHF has been demonstrated in many stud-
es. There is an inverse relationship between physical fitness
nd mortality.15,16 Even moderate improvements in physical
tness can improve health status,16 functional capacity and
uality of life and decrease hospitalisation and mortality.17,18

he recently completed HF-ACTION trial,19 the largest exer-
ise study in CHF to date, randomised 2331 heart failure
ubjects (NYHA II–IV, EF < 35%) to either usual care plus 12
eeks of supervised and ongoing home based aerobic train-

ng or usual care alone and reported no change in all-cause
ortality and CHF hospitalisations at a median follow up

f 30 months. However, after adjustment for predetermined
rognostic factors, exercise training was associated with a
tatistically significant 15% decrease in all-cause mortality
nd CHF hospitalisations. It is important to acknowledge that
his study yielded only modest overall gains in V̇O2 peak,

nd small increases in 6-min walk test (6MWT) distance.
lthough in the opinion of the authors of this statement the

xercise intervention was sound as it was comparable to other
maller studies that have reported improvements in exercise
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olerance,20–22 it is possible that adherence levels were lower
han intended and this may account for the lack of effect
n the primary endpoints. However, there are many smaller
andomised clinical trials showing clinically and function-
lly significant improvements in V̇O2 peak,20–22 which has
een closely linked to cardiovascular mortality in heart fail-
re patients.23,24 Alternatively, VE/VCO2 slope has also been
sed as a prognostic marker. It has been recommended that
ll data for an incremental exercise test from the initiation
f exercise to maximal exertion be included to calculate the
E/VCO2 slope.25 Arena et al.25 reported that 24 of 26 stud-

es found that the VE/VCO2 relationship was superior to
˙ O2 peak as a prognostic marker. It seems that V̇O2 peak
nd VE/VCO2 slope provide independent and complemen-
ary information for the study of interventions in HF, with
he latter perhaps better reflecting the overall, multi-system
athophysiology associated with HF.

Low aerobic power (V̇O2 peak) and exercise intolerance
re common in CHF patients26,27 with substantial evidence
inking low V̇O2 peak with poor prognosis.23,24 Aerobic
raining improves exercise capacity and V̇O2 peak in patients
ith CHF.14,28,29 It is estimated that over 50% of patients with
eart failure have preserved systolic function.30 Published
xercise training data suggest that patients with preserved
ystolic function will improve V̇O2 peak at least as much
s HF patients with reduced systolic function.31 Following
xercise training HF patients may expect an improvement in
˙ O2 peak in the order of 15%,18 however not all patients
espond to this extent. Possible reasons for low exercise
raining responses are low resting cardiac output,32 poor
dherence and autonomic neuropathy.33 As many patients
re sedentary and debilitated, average gains in aerobic power
f 20% are achievable in as little as 3–4 weeks34,35 and have
mportant implications for physical function and quality of
ife. Concerns regarding the potential for adverse myocardial
emodelling in response to exercise training have been allayed
y evidence that aerobic training results in small but signifi-
ant improvements (falls) in end-diastolic volume (EDV) and
nd-systolic volume (ESV),21 while other work has demon-
trated benefits in diastolic function,36 indicating modest
xercise-induced improvements in cardiac function. Exercise
raining in patients with CHF is generally safe, with no deaths
nd only 1 adverse event in 60,000 patient hours of supervised
raining documented in published trials, predominantly in
ubjects with NYHA Class ≤ III symptoms.18 Interval train-
ng has been trialled as a means for heart failure patients to be
ble to exercise at relatively high intensities.20,37 This may
ffer an effective alternative to moderate intensity continuous
raining. V̇O2 peak improved by 46% following high inten-
ity interval training, compared to 14% for moderate intensity
ontinuous training,20 with no reported adverse events and
ven small improvements in left ventricular end-diastolic
olumes and stroke volume.
CHF is associated with maladaptations in skeletal muscle
tructure and function. Resistance training is considered the
ost effective exercise modality to improve muscle mass,
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Table 2
Exercise recommendations for patients with CHF. The recommendations are based on the recommendations of the American College of Sports Medicine,47 as well as Volaklis and Tokmakidis41 and Braith
and Beck.40 The recommendations are also consistent with the authors’ collective and individual experiences, having designed and supervised for heart failure patients, exercise programs amounting to many
thousands of patient hours in four regions across Australia.

Type of exercise Class Frequency Intensity/volume Duration

Aerobic training (activities such as walking/running,
cycling and swimming)

NYHA I–II 4–7 days/week Exercise intensity should be below myocardial ischaemic threshold, if
applicable

Commence at 10–15 min at
target exercise intensity,
progressing gradually
according to patient’s
progress and tolerance to
45–60 min

RPE 11–14 (Borg 6–20 point scale), or Interval training is well
tolerated by CHF patients:
initial 1:1 exercise/rest ratio,
progressing to 2:1
exercise/rest ratio

40% to 75% of HRpeak where HRpeak is predetermined in a
symptom-limited graded exercise test, or
40–70% of V̇O2 peak
Higher intensities of exercise (up to 80% of V̇O2 peak) may be applied in
hospitals or exercise centres that have the equipment and personnel to
manage severe adverse events using advanced cardiac life support
Progression in exercise intensity is managed by falls in RPE or HR at the
same exercise intensity, with the new intensity remaining within the RPE
and HR bands

NYHA III–IV 4–7 days/week RPE ≤ 13, or See above
40–65% of HRpeak where HRpeak is predetermined in a symptom-limited
graded exercise test, or
40–60% of V̇O2 peak

Resistance (weight) training. Circuit weight
training. Theraband exercise. Body weight exercise

NYHA I–II 2–3 days/week RPE 11–15 Commence at 20 min at target
exercise intensities,
progressing gradually
according to patient’s
progress and tolerance to
45–60 min

6–15 repetition per set
Commence at 1 set per exercise, progressing to up to 3 sets
4–8 different exercises for the major muscle groups

NYHA III–IV 2 days/week RPE 10–13 See above
4–10 repetition per set
Commence at 1 set per exercise, progressing to up to 2 sets
3–4 different exercises for the major muscle groups

Flexibility NYHA I–IV 2–3 days/week Stretch the major muscle groups affecting the hips, knees, upper and lower
spine, chest and shoulders

5–10 min

HRR = heart rate reserve; RPE = Borg rating of perceived exertion 6–20 point scale.
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the exercise testing.

Heart failure patients exhibit impaired thermoregulatory
responses to heat exposure.49 Common medications such

Table 3
Absolute and relative contraindications for exercise training in patients with
CHF.

Absolute contraindications
1. Progressive worsening of exercise tolerance or dyspnoea at rest or on

exertion over previous 3–5 days
2. Significant ischaemia at low exercise intensities (<2 METS, or ∼50 W)
3. Uncontrolled diabetes
4. Acute systemic illness or fever
5. Recent embolism
6. Thrombophlebitis
7. Active pericarditis or myocarditis
8. Severe aortic stenosis
9. Regurgitant valvular heart disease requiring surgery
10. Myocardial infarction within previous 3 weeks
11. New onset atrial fibrillation
12. Resting heart rate >120 bpm

Relative contraindications
1. ≥2 kg increase in body mass over previous 1–3 days
2. Concurrent continuous or intermittent dobutamine therapy
3. Decrease in systolic blood pressure with exercise
4. New York Heart Association Functional Class IV
5. Complex ventricular arrhythmia at rest or appearing with exertion
6. Supine resting heart rate ≥100 bpm
7. Pre-existing co-morbidities
8. Moderate aortic stenosis
S.E. Selig et al. / Journal of Science

trength and power in healthy participants, with strength
nd even power needed to perform activities of daily liv-
ng. Further, knee flexor muscle strength is a strong predictor
f mortality outcomes in CHF.38 Evidence is accumulating
hat carefully prescribed and administered low-to-moderate
ntensity resistance exercise is safe for patients with CHF,
ith little evidence of adverse changes to LV structure and

unction or to central haemodynamics.39 Further, resistance
raining for CHF patients leads to improvements in exercise
olerance, cardiac and skeletal muscle function, sympathova-
al balance and quality of life.22,40–43

While crossover in fitness benefits have been identified
ith each mode of exercise,44 combined resistance and

erobic training is likely to optimise the benefits of both com-
onents of fitness by inducing central and peripheral benefits.

circuit training approach to combined aerobic and resis-
ance training minimises haemodynamic burden by focusing
n small muscle groups and maximising peripheral adap-
ations. This approach is considered safe39 and has proven
uccessful in CHF in terms of improving aerobic capacity,
keletal muscle and vascular function.45,46

. Exercise prescription – recommendations

Only patients with stable CHF, determined by a medical
ractitioner, should undertake an exercise program, espe-
ially for those with NYHA Class IV in whom exercise
raining is a relative contraindication. Patients with CHF
ften have multiple co-morbidities and take numerous med-
cations. As such, exercise prescription should be developed
n evidence-based guidelines and tailored to meet the indi-
idual’s functional and symptomatic status that should be
stablished using symptom-limited exercise capacity and
unctional testing before embarking on an exercise pro-
ram. Furthermore, although benefits of exercise training
o not appear to depend on the aetiology of CHF, it does
arrant consideration, especially in patients with CHF due

o ischaemic heart disease, severe hypertension or valvu-
ar disease. In general, any type of moderate intensity
hysical activity (aerobic, resistance, combined aerobic and
esistance, or circuit weight training) may have beneficial
ffects on clinical outcomes, functional capacity and qual-
ty of life.41,44 The recommendations for exercise training
or individuals with CHF outlined in Table 2 are based
artly on the recommendations of the American College
f Sports Medicine,47 as well as those of Volaklis and
okmakidis41 and Braith and Beck.40 The recommendations
re also consistent with the authors’ collective and individ-
al experiences, having designed and supervised for heart
ailure patients, exercise programs amounting to many thou-
ands of patient hours in four regions across Australia. It

s recommended that warm-up and cool-down (including
tretching) are incorporated in each training session. The
atter is important for reducing the risk of post-exercise
ypotension.
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. Special considerations and contraindications to
xercise

Table 3 includes absolute and relative contraindications
or exercise in patients with CHF.

Patients with CHF are generally prescribed a range of
edications to reduce myocardial load and disease progres-

ion. In general, angiotensin converting enzyme inhibitors,
ngiotensin receptor blockers, digoxin, diuretics and nitrates
end to improve tolerance to exercise in CHF patients, while
alcium channel blockers, statins, anti-arrhythmics and anti-
hrombogenics have little effect.47 Chronic beta-adrenergic
lockade has had an extraordinarily beneficial impact on both
ortality and functional capacity in CHF patients. While beta

lockers are mandatory in the management of CHF, they
lunt heart rate responses to exercise, and heart rates should
herefore not be used as the primary determinant of exer-
ise intensity in these patients.48 Exercise tolerance for CHF
atients may be affected by up- or down-titration of some
edications and exercise prescription may need to be mod-

fied when medications are changed. Generally is it is more
ractical to prescribe exercise intensities on the basis of rat-
ngs of perceived exertion or actual work rates determined
uring prior exercise testing, rather than percentages of max-
mal heart rate, even if the latter has been established during
. BP > 180/110 mmHg (evaluated on a case by case basis)

dapted from: Recommendations for exercise training in chronic heart
ailure patients. Working Group on Cardiac Rehabilitation & Exercise Phys-
ology and Working Group on Heart Failure of the European Society of
ardiology. Eur Heart J 2001;22:125–35.
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s beta blockers, anti-adrenergic agents and diuretics may
mpair the ability to regulate body temperature during exer-
ise. As a consequence, patients and supervisors should be
ware of the signs of heat illness and reduce the exercise dose
uring periods of high heat and/or humidity. Patients should
lso be encouraged to ensure appropriate hydration and cloth-
ng to aid cooling by evaporation, and exercising indoors is
dvised when the outside ambient temperature may cause
igh thermoregulatory demands on the patient.

It is highly recommended that the patient undergoes a
ymptom-limited graded exercise test prior to commence-
ent of exercise training. General recommendations for

he symptom-limited graded exercise test for HF patients
nclude the use of bicycle ergometer or treadmill, with small
orkload increments (based on evaluation of the patient’s his-

ory). A range of possible test protocols have been described
reviously50 however the authors believe that the Bruce 30
econd ramp protocol50 is ideal if using a treadmill, while
good test when using a bicycle ergometer is a 10 W/min

ncremental protocol. The starting point for the cycle protocol
s usually 20 W if equipment permits or unless the patient’s
ondition indicates a higher starting point. The patient should
ave close clinical and electrocardiographic monitoring in a
etting where resuscitation, including defibrillation, is avail-
ble. This testing, along with the clinical assessment and
easurement of left ventricular function, is used to deter-
ine whether a patient is safe to commence an unmonitored

xercise program. If the patient has been clinically stable, a
revious exercise test within the past 6 months is satisfactory
or safety purposes. Exercise testing is also helpful in exclud-
ng current myocardial ischaemia, determining ischaemic
hresholds for those in whom complete control of ischaemia
s not possible, excluding exercise-induced ventricular tachy-
ardia, determining ventricular rate control in patients with
trial fibrillation, assessing functional capacity, and mea-
uring both work rates and heart rates at sub-maximal and
aximal levels of exercise. Pre-program functional tests (e.g.

MWT, sit-to-stand) and tests for musculoskeletal strength
nd endurance are also useful for planning and evaluating an
xercise intervention.

Depending on the overall clinical status of the individual,
erobic,35 and low level resistance training may be under-
aken as little as 3 weeks51 after acute myocardial infarction
AMI). In those who have undergone early symptom-limited
xercise tests, training has been demonstrated to be safe
n patients only 2 weeks after larger Q-wave infarctions,
lthough it should be delayed to 5 weeks if the AMI was com-
licated by pulmonary oedema.52 Although a dose-response
elationship may exist between intensity of training and
hange in functional capacity, it needs to be recognised that
s exercise intensity increases, so does the haemodynamic
urden and the potential risk for adverse events. Most CHF

xercise training studies to date have been conducted in hos-
itals or exercise centres that have the equipment and the
ersonnel for close monitoring and the capacity to man-
ge acute adverse events (such as cardiac arrest and acute
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schaemia). We therefore recommend limiting exercise inten-
ity to moderate (see Table 2) outside of these hospital
nvironments.

It is important that the following assessments are per-
ormed prior to exercise sessions, and before the patient
eaves the exercise centre (see also Table 3): (a) blood
ressure: to screen for hypo- or hypertension. If resting sys-
olic blood pressure is greater than 180 mmHg or resting
iastolic blood pressure >110 mmHg, the exercise session
hould not commence. More commonly, CHF patients have
ow blood pressure, often linked to orthostatic hypotension
nd can exhibit post-exercise falls in blood pressure due to
ncreasing return of vagal activity. These are often accom-
anied by symptoms such as dizziness, and blood pressure
hould be closely monitored. (b) Heart rate: if tachycardia
>100 bpm) is evident at rest, the exercise session should
ot commence. (c) Body mass: an increase of more than
–2 kg in the previous few days may indicate fluid reten-
ion that can lead to acute pulmonary oedema. In addition
o these, it is recommended that clinical exercise physiolo-
ists ask clients if they have experienced new occurrences
f chest pain (angina), worsening orthopnea or exercise-
nduced dyspnoea, or any change in their physical (illness or
ever) or mental (depression, anxiety) wellbeing since their
revious exercise session.47 Where possible, ECG should
e used, particularly in the early sessions, to monitor for
achy- and brady-arrhythmias and myocardial ischaemia.47

ulse oximetry is useful in early sessions to monitor for
aemoglobin oxygen desaturation during exercise. Where
ossible, blood pressure should be monitored periodically
uring or very shortly after aerobic and strength exercises,
nd for at least 10 min during recovery before clients leave
he exercise facility.

The health professional should be capable of monitoring,
anaging and reporting signs and symptoms of worsening

eart failure, excessive shortness of breath or fatigue, and
asovagal signs and symptoms including bradycardia, exces-
ive sweating, dizziness, confusion and acute hypotension
hat may lead to syncope or rarely sudden death. If during
xercise, systolic blood pressure falls more than 10 mmHg
n response to an increase in workload, exercise should be
topped.47 All adverse events related to exercise or new
r unexpected occurrence of signs or symptoms indicat-
ng worsening condition must be reported promptly to the
rimary care medical practitioner or emergency medical per-
onnel.

Exercise for patients with implantable devices (pace-
aker, defibrillator) is considered safe, however, special

onsideration may be required in order to avoid pacing
omplications. It is recommended that exercise heart rates
each no higher than 10–15 beats below the implantable
ardioverter-defibrillator (ICD) tachycardia threshold.53 Fur-

hermore, upper body resistance exercise should be restricted
ntil 6 weeks after implantation to prevent dislodgement of
ewly implanted device leads and healing of the defibrillator
ite.
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. Summary

Chronic heart failure is a progressive life-threatening
yndrome characterised by declines in left ventricular func-
ion. While exercise training is not a cure for heart failure,
ppropriately prescribed exercise results in improvements in
xercise tolerance due to improvements in musculoskeletal,
espiratory, and autonomic function, with some evidence sug-
esting anti-remodelling benefits for the myocardium. All
f these help to improve both clinical and functional out-
ook and may reduce mortality and hospitalisations. Exercise
hould be seen as a vital strategy to reduce the progression of,
r even partly reverse, the maladaptations that occur in this
yndrome. Individually prescribed and carefully supervised
xercise testing and prescription, undertaken by appropriately
rained health professionals, can safely and effectively reduce
he burden of disease and improve prognosis and quality of
ife in medically stable CHF patients.
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