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Abstract
Heart failure is a condition which debilitates the patient in terms of physical activity and activities of daily living. In a per-
son with Heart Failure (HF), the heart is unable to cope up to the demands of the tissues, resulting in dyspnea. Dyspnea 
on performing activities of daily living, increases the fear of performing any more activities. However, recently it has been 
observed that exercises can be performed through a structured, supervised cardiac rehabilitation program safely and effec-
tively. It not only improves the activity tolerance but also improves the quality of life. In this article, the benefits associated 
with exercise training, exercise prescription and the safety concerns during cardiac rehabilitation of heart failure patients 
have been discussed.
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Introduction

Heart failure (HF) is a complex clinical syn-
drome that can result from any structural or 
functional cardiac disorder that impairs the 

ability of the ventricle to fill with or eject blood. It is 
characterized by specific symptoms, such as dyspnea 
and fatigue, and signs, such as those related to fluid 
retention. Heart failure is largely a clinical diagnosis 
that is based upon a careful history and physical ex-
amination.

In patients with heart failure (HF), the heart is un-
able to cope up to the demands of the tissues, resulting 
in dyspnea, may be at rest or exercise-induced. One of 
the first reason to seek medical help in these patients is 
inability to perform exercise or activities without dis-
comfort.

Cardiac Rehabilitation enables the patients to im-
prove the quality of life by improving the activity tol-
erance and improving the exercise capacity. Thus, the 
role of cardiac rehabilitation in these patients is cardi-
nal.

Classification and Pathophysiology of Heart 
Failure

Patients with heart failure are divided into two ma-
jor categories namely:

1.	 Heart Failure with reduced Ejection Fraction 
(HFrEF), is characterized by a normal LVEF, nor-
mal LV end-diastolic volume, and abnormal dia-
stolic function, often with LV concentric remodeling 
or hypertrophy, but sometimes with normal ven-
tricular geometry. Most authorities currently define 
HFpEF by Left Ventricular Ejection Fraction (LVEF) 
≥50 percent.

2.	 Heart Failure with preserved Ejection Fraction 
(HFpEF), is characterized by more profound abnor-
malities in systolic function than what are seen in 
HFpEF, usually with progressive chamber dilation 
and eccentric remodeling. HFrEF is now most com-
monly defined by LVEF ≤40 percent. [1]

There are two major cardiac mechanisms by which 
this can occur.
1.	 Systolic dysfunction (impaired cardiac contractili-

ty)
2.	 Diastolic dysfunction (abnormal cardiac relaxation, 

stiffness or filling)
The exercise capacity is affected even in patients 

with mild heart failure.  Although the cardiac output 
may be relatively normal at rest, it is usually unable to 
increase adequately with even mild exertion.

Previously, it was thought that the cardiac dysfunc-
tion was solely responsible for exercise limitation in 
patients with HF.  However, drugs that improve cardi-
ac output may not be enough to improve exercise tol-
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erance. [2–4]

Thus, factors in addition to the low cardiac output 
and reduced skeletal muscle blood flow contribute to 
poor exercise tolerance and fatigue. Also, significant 
biochemical and functional abnormalities have been 
reported in skeletal muscles of patients with heart fail-
ure, thus playing a large role in the exercise intolerance 
[5,6]  (Table 1).

Table 1
Sr. 
No.

Factors affecting exercise capacity in Heart failure.

1 Myocardial dysfunction
2 Impaired inotropic and chronotopic response to cat-

echolamines.
3 Systolic dysfunction leading to decreased blood flow to 

muscles.
4 Skeletal muscle cell apoptosis and impaired generation 

of ATP by mitochondria.

In the past, concerns have been raised regarding ex-
ercise training in heart failure patients as it could po-
tentially cause an exacerbation of heart failure and/
or an adverse cardiovascular or neurohemoral event. 
Recent evidence confirms the safety and efficacy of 
cardiac rehabilitation in patients with heart failure. 
Benefits of rehabilitation have been discussed in the 
sections below. [7]

Benefits
1.  Improving exercise capacity

Regular exercise training helps in improving both 
submaximal as well as the maximal exercise capaci-
ty. The improvement is assessed by exercise duration 
and more importantly, improved oxygen utilization 
and hence peak VO2. Various changes in the haemo-
dynamics, the neurohumoral changes, lead to the in-
crease in oxygen uptake during the exercise. The im-
provement in the skeletal muscle metabolism and de-
creased ventilation also correlate with increase in Peak 
VO2. [8]

2.   Haemodynamics
Exercise training reduces resting sympathetic tone 

and increases resting vagal tone. This change in the 
sympathetic and parasympathetic balance is associat-
ed with lower heart rate, blood pressure, minute venti-
lation at rest and also during peak exercise. Hence it re-
stores autonomic cardiovascular control towards nor-
mal. [8,9,10] Neurohumoral activity and resting levels of 
angiotensin, aldosterone, vasopressin, and natriuretic 
peptide are reduced with exercise training. [9,11,12] These 
changes permit the patient to perform their daily activ-

ities with fewer symptoms and lesser disability. [7]

3.   Decreased Ventilatory Threshold to Raised Lactate Levels
In patients with heart failure, there is excessive in-

crease in blood lactate and reduction in Peak VO2 re-
sulting in a disproportionate increase in ventilation at 
a submaximal workload.  

 Exercise training has the potential to delay the lac-
tate accumulation during the exercise and improve the 
ventilation perfusion ratio in the lung. This reduces the 
ventilatory response and thus helps in decreasing per-
ceived dyspnea. [8]

4.   Effect on Skeletal Muscle
Increase muscle oxidative capacity and reduction 

in the oxidative stress is seen with exercise training. 
Oxygen utilization is reduced with increased activity 
of oxidative enzymes and an increase in mitochondrial 
content in patients with HFrEF. [11]

These changes may improve the peak VO2 and de-
lay the onset of anaerobic metabolism. Patients with 
the worse function seem to benefit the most. This ob-
servation is encouraging and should be shared with 
patients who may be hesitant or afraid. [10] In addition, 
exercise training also reduces plasma levels of pro-in-
flammatory cytokines, including tumor necrosis factor 
alpha (TNF-α) and interleukin-6 and their soluble re-
ceptors; and apoptotic mediators. This results in im-
provement of the muscle function.
5.   Myocardial Adaptation

Improvement in exercise capacity after exercise 
training is mainly related to the peripheral adapta-
tions. However, there are favorable effect on myocar-
dium as well.

Improvements in cardiac output and exercise ca-
pacity with exercise may be related to improvements 
in diastolic function as manifested by increase in peak 
early diastolic filling rate of the LV at rest and during 
exercise. [13]

6.   Impact on Functional Status and Quality of Life
Exercise-based cardiac rehabilitation has a benefi-

cial effect on functional status and health-related qual-
ity of life in patients with HF as demonstrated by ran-
domized trials comparing one to six months of exercise 
training with no exercise program. [1,6,7,14,15] The bene-
ficial effects of exercise may be seen with high or low 
levels of training.

The benefits of cardiac rehabilitation were illus-
trated by an individual participant data meta-analy-
sis that included 13 randomized trials with a total of 
3990 patients with HF (97 percent with LVEF <45 per-
cent) comparing exercise-based cardiac rehabilitation 
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(for three weeks or more) with a no exercise control 
group [6]:
•	 At 12 months follow-up, there were significant im-

provements in six-minute walk test (mean increase 
21.0 m) and Minnesota Living with HF score (mean 
improvement 5.9). In the 7 trials assessing peak 
VO2, this was nominally increased with exercise 
training (mean 1.01 ml/kg per minute).

•	 Results were also similar for LVEF <45 percent and 
LVEF ≥45 percent.
In the largest included trial, HF-ACTION, 2331 pa-

tients with reduced LVEF (≤35 percent) and NYHA 
class II to IV HF were randomly assigned to a for-
mal exercise program versus a control program. [14] 
The peak improvement in peak VO2 was modest, al-
though statistically significant both at 3 and 12 months, 
as was the improvement in six-minute walk distance 
at three months. The six-minute walk improvement 
at three months was attenuated at 12 months. In addi-
tion, there was a significant improvement in health sta-
tus as measured by the Kansas City Cardiomyopathy 
Questionnaire, which occurred early and remained for 
the duration of the trial. [16]

7.    Effect on Depression
Depression is common in patients with heart fail-

ure. It has an adverse effect on the prognosis. [17,18]  In 
the HF-ACTION trial in which the Beck Depression 
Inventory II was administered to 2322 patients. [19] At 
entry, 28 percent of patients had scores of 14 or high-
er, which is considered clinically significant. Exercise 
training modestly improved the depression scores 
compared with the control group at three months with 
a smaller response at one year.

Based on the above evidence, rehabilitation may 
have a role in reducing HF related depression.
8.   Monitoring of Physical Condition

In addition to providing direct benefits, the clos-
er monitoring of symptoms afforded by a supervised 
program may allow detection and treatment of wors-
ening HF prior to those symptoms necessitating an 
emergency department visit or an admission, partic-
ularly if the cardiac rehabilitation team communicates 
with patients’ other care teams.

The frequent contact with the rehabilitation team 
may also identify medication issues such as side ef-
fects and questions about meals with medications, all 
of which impact adherence.

Indications
In our experience patients who may benefit from 

cardiac rehabilitation are:

1. 	Stable New York Heart Association (NYHA) func-
tional class II to III HF with reduced ejection frac-
tion (left ventricular ejection fraction [LVEF] ≤40 
percent; HFrEF).

2. 	Stable NYHA functional class II to III HF with pre-
served ejection fraction (LVEF ≥50 percent; HFpEF) 
or mid-range ejection fraction (LVEF 41 to 49 per-
cent).
Presently, there are not enough data at present to 

recommend cardiac rehabilitation for patients with 
class IV HF. However in our experience, a cardiac re-
habilitation consult will be helpful in teaching energy 
conservation techniques and help in teaching breath 
pacing while doing basic Activities of Daily Living.  

Components of Cardiac Rehabilitation
The Cardiac Rehabilitation team consists of 

Cardiologist, Physiotherapist, Nutritionist, Psycho-
logist, Nurse and a coordinator. The whole team works 
together with the patient to improvise the health and 
clinical condition of the patient.

A cardiac rehabilitation program for patients with 
HF should include all components of such programs, 
including medical evaluation and baseline patient as-
sessment, education concerning medication adher-
ence, risk factor reduction including dietary recom-
mendations, psychosocial support, exercise training 
and physical activity counseling. [7]

Exercise Prescription
Exercise prescription is based on the FITT 

(Frequency, Intensity, Type and Time or duration) 
principle.

A typical exercise prescription:
Frequency 3 days a week, (Structured, center 

based, supervised training pro-
gram)

Intensity 55-70% of Heart Rate Reserve 
(Heart Rate Reserve= Maximum 
heart rate- Resting heart rate) or 
RPE of 15-17.

Duration Each session about 30-40 minutes.
Type of exercise Aerobic exercises, resistance exer-

cise, inspiratory muscle training.

Initially, supervised exercise program helps to fa-
miliarize the patients with the sense of activity, im-
provement in quality of life and provides them with 
the safety limits while performing the exercises. 
Additionally, a center based rehabilitation program 
helps in getting a peer support, thereby improving the 
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motivation for performing the exercises with less fear.
The center based rehabilitation program must pro-

vide a telemetry monitoring during the sessions to 
monitor any adverse cardiac events during the exer-
cise and provide a safety limit of exercise to the patient.

An unsupervised home training program can over-
lap with supervised sessions and gradually become 
the preferred choice once the supervised program is 
complete. [14]

Exercise training in patients with compensated 
HFrEF reduces total and HF-related hospitalizations, 
improves exercise tolerance and health-related quality 
of life, and reduces symptoms of depression. [14]

Exercise training in patients with compensated 
HFpEF improves exercise tolerance and health-related 
quality of life. [7,20]

Types of Exercise
1.   Aerobic Exercises

In cardiac rehabilitation programs for patients with 
HF, evidence and experience is greatest for aerobic 
exercises. Hence aerobic training in these patients is 
dominant form of exercise. There are variety of aerobic 
training modalities like walking, cycling, cycle ergo-
meter, arm ergo-meter, etc which can be used. These 
activities may be interspersed with periods of rests if 
required. Progression of these exercises can be done by 
increasing the duration gradually and then the inten-
sity of exercises.
2.   Resistance Training  

Evidence for resistance training is limited. This type 
of training may help in patients who have lost their 
muscle mass. Resistance training needs to be individ-
ualized depending on the activity level and the goals 
of the patient. They need to be closely monitored for 
symptoms and blood pressure. It’s important to avoid 
Valsalva maneuver which may increase vascular re-
sistance. This can be done by teaching the patient to 
breathe during a resistance training activity.
3.   Inspiratory Muscle Training

Preliminary evidence suggests that inspiratory 
muscle training may improve exercise capacity in pa-
tients with chronic HF. Respiratory muscle weakness 
and deconditioning may worsen exercise tolerance and 
quality of life in patients with HF. Respiratory muscle 
training, or inspiratory muscle training, has improved 
muscle strength and endurance in patients with chron-
ic obstructive pulmonary disease.

Engaging the family in supporting the patient helps 
to improve compliance of these patients.

In the digital era, smartphone technology may be 
helpful both to monitor the patient’s activity and to 
assess changes in function. Technology tools may en-
hance patient participation in increased activity at 
home. More research is needed to assess the long-term 
benefits of technology as a substitute for center-based 
cardiac rehabilitation. [21]

Telerehabilitation was developed as a means of pro-
viding cardiac rehabilitation with remote electrocar-
diographic monitoring and telephonic communication 
with a medical team. This is particularly for patients 
who live far from rehabilitation centers or who have 
difficulty with transportation. [22] Patients are provid-
ed with exercise equipment to continue the program 
at home and used diaries, phone calls, and pulse mon-
itors to track adherence. [14,23]

Telehealth has become a more convenient method 
of patient visits in recent times. However in patients 
with heart failure the safety of exercise needs to be es-
tablished before adapting this approach for rehabilita-
tion. Further studies are needed to compare telereha-
bilitation with on-site, in-person visits. Health insur-
ance coverage is an important factor for implementa-
tion.

Conclusion
To summarize, Cardiac rehabilitation does play an 

important role in management of patients with heart 
failure. Patients with both HFrEF and HFpEF benefit 
with cardiac rehabilitation to improve their health sta-
tus.

For patients who are unable to attend formal cardi-
ac rehabilitation programs, a home program is an alter-
native option. Cardiac rehabilitation could be offered 
as a multidisciplinary approach where every member 
of the team contributes to improve the patients’ out-
comes. However, program needs to be individualized 
for each patient depending on the clinical condition 
and individual goals of patients. With a more homo-
geneous approach and further evidence in this regard 
will help in increased implementation of HF rehabili-
tation programs even at grass root level.
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