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Abstract
Chronic cor pulmonale is defined as right ventricular hypertrophy and/or dilatation, secondary to pulmonary hypertension, as a result
of a lung disease. In addition to therapeutic options, physical exercise and cardiovascular rehabilitation determine an increase in the
exercise capacity and an improvement of psychosomatic health. Cardiopulmonary rehabilitation is defined as a complex intervention
based on an extensive evaluation of the patient, followed by individualized therapy that includes but is not limited to physical
exercise, education, lifestyle changes. It is recommended that all clinicians take into consideration cardiopulmonary rehabilitation
and physical exercise as adjuvant therapy in these patients.
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Introduction
Chronic cor pulmonale is defined as right ventricular
hypertrophy and/or dilatation, secondary to
pulmonary hypertension, as a result of a lung disease
(parenchymal or vascular) from the origin of the
pulmonary artery to the entry of the pulmonary veins
into the left atrium. In the general population, chronic
obstructive pulmonary disease is the main cause of
chronic cor pulmonale, because of the high incidence
and prevalence of chronic bronchitis, and especially
bronchitis secondary to smoking [1]. Worldwide,
more than 251 million cases of chronic obstructive
pulmonary disease (COPD) have been recorded, the
number of deaths caused by this disorder being
estimated at 3.17 million [2]. Parenchymal lung
diseases or bronchial diseases (pulmonary
tuberculosis,
bronchiectasis,
sarcoidosis,
pneumoconiosis, etc.) rank second [3].
Obviously, one of the consequences of this disease is
the development of pulmonary hypertension.
Pulmonary hypertension is characterized by a
progressive increase in pulmonary artery pressure and
pulmonary vascular resistance that may lead to right
heart failure and death. Regardless of the type of
pulmonary hypertension, patients have progressive
dyspnea and decreased exercise tolerance. The
treatment of cor pulmonale currently involves drug
therapy of the underlying pulmonary disease as well
as pulmonary hypertension. In addition to these
pharmacological options, physical exercise and
pulmonary rehabilitation contribute to the
improvement of the exercise capacity, WHO
functional class, maximal oxygen consumption and
resting heart rate [4,5,6].

For the functional classification of patients with
pulmonary hypertension, WHO classes are used,
which are characterized as follows:
• Class I – patients with pulmonary hypertension
who have no limitations of physical activity. Usual
physical activity does not cause dyspnea, fatigue,
chest pain or syncope.
• Class II – patients with pulmonary hypertension
who have a slight limitation of physical activity.
They have no symptoms at rest. Usual physical
activity causes dyspnea and fatigue, chest pain or
syncope.
• Class III – patients with pulmonary hypertension
who have a marked limitation of physical activity.
They have no symptoms at rest. Less than usual
physical activity causes dyspnea and fatigue, chest
pain or syncope.
• Class IV – patients with pulmonary hypertension
who cannot perform physical activity without
symptoms. These patients have signs and
symptoms of heart failure. Dyspnea and fatigue
may also occur at rest. Discomfort is increased by
any physical activity [7].
It has also been demonstrated that physical exercise
can improve quality of life and ameliorate depression
and fatigue. It is recommended that all clinicians
indicate pulmonary rehabilitation and physical
exercise as adjuvant therapy in these patients because
benefits are obvious [4,8,9,10,11,12,13]. Thus,
cardiopulmonary rehabilitation can reduce dyspnea,
increase exercise tolerance and improve healthrelated quality of life in all chronic respiratory
disorders.
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Cardiovascular rehabilitation is defined as a complex
intervention based on an extensive evaluation of the
patient, followed by individualized therapy that
includes but is not limited to physical exercise,
education, lifestyle changes. All this is aimed at
improving the physical and mental condition of
patients with chronic respiratory disease, and at
promoting long-term adherence to health-related
behavior [14]. The team involved in the rehabilitation
programs is complex. It includes, in addition to a
cardiologist or internist, a kinesiotherapist, a
nutritionist, a psychologist.
Regarding
lifestyle
changing,
important
recommendations related to nutrition are necessary
(<5 g salt/day, a diet rich in fruits, vegetables,
cereals), as well as avoiding stress, excessive alcohol
consumption, infections. Vaccination against
pneumococcal pneumonia and influenza virus is
recommended. For patients wishing to travel by air,
who are in WHO class III-IV or have an arterial
oxygen pressure <60 mmHg, O2 supplementation is
recommended [15].
In chronic cor pulmonale, a real vicious circle is
created: dyspnea occurring during exercise leads to
avoidance of physical activity, which favors
cardiorespiratory system as well as skeletal muscle
deconditioning, with the development of important
psychological disorders (depression, anxiety,
preoccupation with symptoms), and finally
aggravation of dyspnea. Although initially, physical
exercise was contraindicated in these patients, the
results of clinical trials have led to a change in this
position. Mereles et al. conducted the first
randomized trial to assess the effects of physical
exercise in chronic pulmonary hypertension patients
stabilized by drug therapy [16]. They proposed a
physical training program where the patients were
hospitalized during the first 3 weeks and performed
supervised physical exercises 7 days a week. The
physical training program had 3 components: cycling
on an ergometer at 60% up to 80% of the maximum
heart rate for 10 up to 25 minutes, walking on flat or
sloping ground for 60 minutes, 5 days a week, and
lifting light weights for 30 minutes, 5 days a week.
All patients were supervised by a physiotherapist and
received sports education. Over the next 12 weeks,
outside the hospital setting, the patients were asked to
cycle for 15 up to 30 minutes a day, 5 days a week, to
continue respiratory training and weight lifting, with
periodic follow-up by phone [16].

Gruning et al., in 2012, used the same training
program in a trial that included 183 patients with
pulmonary hypertension (pulmonary arterial
hypertension, chronic thromboembolic hypertension
and pulmonary hypertension secondary to left heart
disease) [9]. This prospective study investigated
patients with severe chronic pulmonary hypertension
who performed physical and respiratory training in
addition to specific medication between January 2005
and October 2010 [9]. These patients were in WHO
functional class II-IV. The patients had to be stable
and compensated, on optimal medication for at least
2 months prior to their enrollment in the study [9].
The patients attended a program specially designed
for patients with pulmonary hypertension, with
physical exercise for 1.5 hours a day (in intervals
distributed throughout the day), comprising a training
interval on the cycle ergometer at a low power (10-60
W), 7 days a week, walking, lifting light weights
(500-1000 g) involving a single muscle group, and a
breathing exercise, 5 days a week. Maximum heart
rate during physical training corresponded to 60-80%
of the maximum heart rate reached during the
cardiopulmonary test. Oxygen saturation had to be
maintained over 85%. Training continued for 30
minutes a day, 5 days a week, at home, for the
following 15 weeks [9].
In addition to physical training, the patients received
psychotherapy, in order to improve their own
perception of their abilities as well as physical
limitations. Psychological support was offered to all
participants. The program was carefully supervised
by
physiotherapists,
rehabilitation
medicine
specialists and experts in pulmonary hypertension.
Oxygen saturation and heart rate were closely
monitored during training and helped to adjust the
intensity of training. When oxygen saturation
decreased to less than 90% during training, patients
received oxygen supplementation (3-10 l/min) during
the exercise. Those patients who were on long-term
oxygen therapy (16-24 hours/day) before their
inclusion in the study, remained on oxygen therapy
throughout the training program. On their discharge
from hospital, after 3 weeks, the patients received an
individualized training manual and a cycle ergometer
to be used at home [9].
This study showed that physical training can improve
the main prognostic parameters even in WHO
functional class IV patients. Quality of life, the 6minute walk test, maximum oxygen consumption,
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WHO functional class, physical capacity,
oxygenation, pulse and other parameters of the
cardiopulmonary test were significantly improved
after 3 and 15 weeks in all patients with pulmonary
hypertension regardless of their initial functional
class [9].
Compared to the beginning of the study, the mean 6minute walk test significantly improved after 3 and 15
weeks [5]. A significant improvement of the WHO
functional class was registered. After 3 weeks of
training, 22% of WHO functional class IV patients
moved to class III, and 6% moved from WHO
functional class III to II [5]. After 3 weeks of training,
the mean heart rate, the mean diastolic blood pressure
value and the mean pulmonary artery pressure value
at rest were significantly reduced. Furthermore,
physical exercise and respiratory training
significantly improved quality of life parameters such
as: physical functioning, role physical, role
emotional, social functioning, mental health and
vitality [9]. During the first 3 weeks of the
rehabilitation program that was conducted in hospital,
adverse effects occurred in 13.6% of the patients. In
4.4% of these, the adverse effects were severe,
including syncope in 2 patients and presyncope in 6
patients [9]. Thus, the results of this study indicate
that physical exercise added to standard therapy in
pulmonary hypertension is effective, but not
completely harmless and requires careful supervision
and monitoring.
Rehabilitation programs should be individualized.
Ideally, supervised training programs should be
conducted 3 times a week, and unsupervised training
programs 2 times a week. However, in practice,
supervised programs are carried out 2 times a week
and unsupervised programs 3 times a week, at a 60%
to 70% VO2peak intensity. It should be emphasized
that a high intensity of physical exercise has
beneficial effects, but decreases patients’ adherence
to the programs. The duration of the programs should
be at least 6 weeks [17]. They should be initiated
when patients are stable. In the first period, they will
take place under supervision in an inpatient and/or
outpatient setting, and subsequently at home (homebased rehabilitation).
In conclusion, cardiopulmonary rehabilitation
programs represent an essential component of the
management of chronic cor pulmonale. They
contribute to the improvement of the exercise
capacity, symptoms, and quality of life.
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