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EDITORIAL

Pulmonary rehabilitation: various diseases,
many approaches, and multiple questions
Paulo José Zimermann Teixeira1,2,3,a, Simone Bernardes2,b, Marcelo Nogueira2,3,c

In 1605, Sir Francis Bacon said, “if a man will begin
with certainties, he shall end in doubts; but if he will be
content to begin with doubts, he shall end in certainties”.
Pulmonary rehabilitation has been recognized to improve
dyspnea and quality of life since the 1960s; however,
despite being such a well-established form of treatment,
pulmonary rehabilitation still raises many questions.(1)
Although pulmonary rehabilitation has become a wellestablished treatment for COPD, new evidence suggests
that it can be used in other situations,(2) pulmonary
rehabilitation having been reported to reduce mortality
among pulmonary fibrosis patients undergoing single
lung transplantation.(3)
In the current issue of the JBP, three articles demonstrate
that pulmonary rehabilitation plays an important role in
the treatment of chronic lung diseases, particularly COPD.
In addition, the authors of the studies discuss the central
role that physical exercise plays in the treatment of chronic
lung diseases, as well as discussing how to implement
exercise interventions and evaluate their outcomes.
Although there is a body of evidence that pulmonary
rehabilitation reduces dyspnea and exacerbations, as well
as improving quality of life and exercise performance,(4)
there is still controversy regarding the best model for
exercise training. Although the six-minute walk test is
the most widely used exercise test, it is a submaximal
test that provides less detailed information than does
ergospirometry. In the current issue of the JBP, Adolfo
et al.(5) published a systematic review and meta-analysis
of randomized studies, the objective of which was to
compare high-intensity interval training and continuous
training in terms of their effects on functional capacity and
cardiovascular variables in patients with COPD. Of the 78
articles that were initially retrieved, only 6 were included
in the meta-analysis, and all 6 were found to have a high
risk of methodological bias. Although the authors found
no difference between high-intensity interval training and
continuous training or other interventions in terms of their
effects on relative maximal oxygen consumption (VO2),
absolute maximal VO2, and cardiovascular variables in
COPD patients, the findings should be interpreted with
caution because of their heterogeneity. Meta-analyses
including methodologically flawed clinical studies can
describe the current state of knowledge but cannot
provide evidence upon which a given intervention can
be based. Therefore, the question remains unanswered.
Perrota et al.(6) evaluated the effects of a high-intensity
rehabilitation program on ventilatory efficiency, i.e., the

ratio of minute ventilation to carbon dioxide production (VE/
VCO2) in 25 patients with COPD and stage I-IIIa non-small
cell lung cancer undergoing rehabilitation three weeks
before lobectomy. All of the patients had a peak VO2 of
10-20 mL/kg per min or an FEV1 of < 50% of predicted.
Peak VO2 and VE/VCO2 were found to have improved
significantly after the rehabilitation program, showing
that rehabilitation can improve ventilatory efficiency,
improve aerobic capacity, and reduce postoperative risk,
even in patients with severely impaired lung function. In
addition, pulmonary rehabilitation was found to reduce
dynamic hyperinflation and respiratory rate during
exercise.(6) Although peak VO2 during cardiopulmonary
exercise testing is the best independent predictor of
complications following pulmonary resection in patients
with lung disease, ventilatory efficiency (VE/VCO2) during
cardiopulmonary exercise testing has been shown to be an
independent predictor of complications and mortality (in
patients with a VE/VCO2 > 35).(7,8) Neder et al.(9) addressed
the importance of ventilatory efficiency in patients with
COPD, even in those with preserved lung function; in many
cases, ventilatory efficiency can explain the discrepancy
between dyspnea and lung function (FEV1) and predict
postoperative morbidity and mortality. In addition, the
authors reported that pulmonary hypertension and heart
failure can lead to an increase in VE/VCO2. Therefore,
the use of ergospirometry before and after pulmonary
rehabilitation can provide a deeper understanding of
the outcomes to be evaluated. In fact, as the number of
approaches increases, so does the number of questions.
Pulmonary rehabilitation is a multidisciplinary program that
addresses several aspects of the disease and underscores
the importance of reversing physical deconditioning
and understanding skeletal muscle issues. Mansour et
al.(10) sought to establish cutoff points for clinical and
functional variables for sarcopenia and dynapenia in 20
COPD patients who had moderate to very severe disease
and skeletal muscle dysfunction and who were referred
for pulmonary rehabilitation. Sarcopenia was diagnosed
on the basis of skeletal muscle mass index (kg/m2), as
assessed by bioelectrical impedance analysis, whereas
dynapenia was diagnosed on the basis of handgrip
strength, as assessed with a hydraulic dynamometer.
The major findings of the study(10) were that sarcopenia
and dynapenia can be predicted by pulmonary function
test results, respiratory muscle strength, and physical
performance on the incremental shuttle walk test.
Despite advances in the understanding of skeletal muscle
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dysfunction, there are currently no clear criteria or
tools to define sarcopenia and dynapenia. According
to the revised European consensus statement on the
definition and diagnosis of sarcopenia,(11) some cutoff
points for the diagnosis of sarcopenia are arbitrary, and
the development of validated cutoff points will depend
on normative data and their predictive value for hard
endpoints. In addition, for height-dependent measures
of sarcopenia (gait speed and muscle strength),
studies are needed in order to establish whether
gender- and region-specific thresholds can improve

outcome prediction. Manini and Clark,(12) proponents
of the term dynapenia, recognize that there is a lack
of data to define cutoff points for dynapenia.
Despite the fact that there is ample evidence supporting
the use of pulmonary rehabilitation regardless of its
level of complexity, pulmonary rehabilitation continues
to be a health care challenge. Many questions remain,
and many components require better defined protocols
and clearer measures that are relevant and feasible.
In the meantime, we must live with our uncertainties
and question everything, as Sir Francis Bacon would.
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