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COPD is a leading cause of death, and a
major medical and increasing economic

problem [1]. Pulmonary rehabilitation has
been established as a means of enhancing
standard therapy to alleviate symptoms and
optimise function, independent of the disease
stage. Randomised controlled studies and
meta-analyses have shown that intensive,
multidisciplinary PRPs are an effective inter-
vention in the short and long term, comprising
improved exercise tolerance, symptoms and
health-related quality of life (HRQL), and a
decrease in healthcare expenditures [2]. The

benefits appear to decline after 6–12 months
following the formal programme [3]. Benefits
of HRQL appear better preserved than exer-
cise performance, and may still be identified
up to 2 years after the intervention [4]. This
is a review of the most significant original
papers published in 2005 on pulmonary
rehabilitation. Research was conducted using
PubMed between January 1 to November 31,
2005, with the search criterion "pulmonary
rehabilitation". A total of 187 articles were
extracted, 36 of which were reviews or edito-
rials. 

Pulmonary rehabilitation:  
a year in review

Educational aims
To present innovative papers from the field of pulmonary rehabilitation published in 2005
and to discuss the important points and conclusions from each.

Summary
This paper summarises the findings of important papers that have been published over
the last year.
Two recently published studies have addressed the effects of different durations of pul-
monary rehabilitation programme (PRP), indicating the greater benefits obtained by
longer programmes. 
Three other papers have described the effects of pulmonary rehabilitation on pulmonary
mechanics and oxidative stress, indicating that exercise is able to reduce the mechanical
disadvantage of the respiratory system and some aspects of oxidative stress associated
with chronic obstructive pulmonary disease (COPD).
Other papers have discussed the effects of a number of breathing strategies, such as
pursed-lip breathing (PLB), or training techniques, such as arm or inspiratory muscle train-
ing.
Finally, the addition of drug therapy to pulmonary rehabilitation and the role of outcome
measures in providing rehabilitation programmes were examined in two other studies. 
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Setting and 
organisation of PRPs
The optimal length of a PRP is of interest.
Pulmonary rehabilitation can be delivered in a
variety of structured programmes that may have
an influence on the degree or duration of long-
term benefit. Short-term in-patient programmes
may result in physical performance improvement
within 2 weeks [5]. Strict comparisons of dose
response or duration of benefits from different
PRPs have not yet been made, and the rate of
improvement in exercise performance and HRQL
may differ. It is possible that improvements may
continue to develop after the completion of a
programme, but observation of these effects has
not yet been determined. 

Two recently published studies in this field
add little to this issue. In an observational
prospective cohort trial, ROSSI et al. [6] assessed
the clinical effectiveness of a PRP including exer-
cise training after 10 (T10) or 20 (T20) consecu-
tive sessions in 25 COPD outpatients (mean
forced expiratory volume in one second (FEV1)
64% predicted). The maximal achieved load on
a cycle ergometer, the maximal and isoload dysp-
noea and leg fatigue on a Borg scale, the
6-minute walk distance (6MWD) and the HRQL
(as assessed using the St George's Respiratory
Questionnaire (SGRQ)) were recorded at base-
line, T10 and T20. There was a mean significant
difference between changes at T20 and T10 for
6MWD, and the total, activity and symptoms
SGRQ scores. The percentage of patients who
improved was greater at T20 compared with T10
for peak workload, 6MWD and total SGRQ.
These authors concluded that a 10-session
course of PRP provides only limited clinically sig-
nificant changes of outcome measures when
compared with a 20-session course in out-
patients with COPD of mild-to-moderate severity. 

In a multicentre study, VERRILL et al. [7] eval-
uated 309 females and 281 males with chronic
lung disease. All 6MWD tests and health surveys
were administered prior to and immediately fol-
lowing 12 and 24 weeks of supervised PRP par-
ticipation. Scores from the 6MWD tests, the
Ferrans and Powers quality of life index-
pulmonary version III (QLI), the Medical
Outcomes Study 36-item short form (SF-36), and
the University of California at San Diego short-
ness of breath questionnaire (SOBQ) were com-
pared at PRP entry, and at 12 and 24 weeks. The
study entry and follow-up SF-36 physical and
mental component summary scores, the QLI

health/function and overall scores, and the
SOBQ scores were also compared with the
6MWD test scores. The mean summary scores on
the SF-36 and the QLI increased after 12 weeks
of PRP, and improvements were maintained by
24 weeks of PRP participation. Scores on the
SOBQ improved after 12 weeks among the short-
term participants, but not until after 24 weeks
among the long-term participants. The 6MWD
test performance improved after 12 weeks and
again from 12–24 weeks in the long-term partici-
pants. No relevant relationships were found
between 6MWD scores and the summary scores
of the administered surveys. 

Physiological and
biological effects of
pulmonary 
rehabilitation 
In COPD, ventilation during exercise is often
higher than expected because of increased dead
space ventilation, impaired gas exchange and
increased ventilatory demands relating to decon-
ditioning and peripheral muscle dysfunction.
Furthermore, maximal ventilation during exercise
is often limited by the mechanical constraints
imposed by the lung pathophysiology. Promi-
nent among these constraints and typically seen
in emphysematous patients is the delay of nor-
mal emptying of the lungs during expiration due
to flow limitation, which is aggravated during
exercise. This leads to dynamic hyperinflation
[8], resulting in increased work of breathing,
increased load on the respiratory muscles [9]
and the intensified perception of respiratory dis-
comfort. 

PLANKEEL et al. [10] retrospectively analysed
the change in exercise capacity after PRP in non-
hypoxaemic COPD patients. Patients were classi-
fied into the following subgroups based on the
primary limitation seen on initial exercise testing:
ventilatory limited; cardiovascular limited; mixed
ventilatory/cardiovascular limited; and non-car-
diopulmonary limited. Outcomes among sub-
groups were then compared. In the whole study
population, PRP led to increased timed walk dis-
tance and maximal oxygen consumption. Age,
ventilatory reserve at peak exercise and exercise
arterial oxygen pressure were selected as indi-
vidual predictors of improvement in maximal
oxygen consumption. Maximal oxygen con-
sumption increased in all four subgroups. The
improvement in maximal oxygen consumption
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was greater in the cardiovascular-limited sub-
group than in the ventilatory-limited subgroup.
Timed walk distance improved to a similar
degree in all subgroups. PLANKEEL et al. [10] con-
cluded that patients with non-ventilatory exercise
limitations experience the greatest increase in
maximal oxygen consumption after PRP.
However, even patients with severe ventilatory
limitation can improve exercise tolerance with
PRP. 

PORSZASZ et al. [11] studied COPD patients
(mean FEV1 36% pred) who undertook a high-
intensity cycle ergometer exercise training pro-
gramme for 45 minutes, three times a week for
7 weeks. Before and after training, the patients
performed an incremental exercise test to max-
imum and a constant work rate test on a cycle
ergometer at 75% of the peak work rate
obtained in the pre-training incremental test.
Ventilatory variables were measured breath by
breath, and inspiratory capacity (IC) was meas-
ured every 2 minutes to assess changes in end-
expiratory lung volume. After training, the
increase in peak oxygen uptake was not statistic-
ally significant; however, the peak work rate
increased. For the constant work rate test, per-
formed at the same work rate both before and
after training, ventilation and breathing fre-
quency were lower after training and IC was
greater, signifying decreased hyperinflation. The
increase in IC at the point of termination in the
shortest constant work rate test for each individ-
ual (defined as isotime) correlated well with both
the decreased breathing frequency and with the
increase in constant work rate exercise
endurance. The authors concluded that exercise
training in patients with severe COPD dramatic-
ally improves submaximal exercise endurance.
Decreased dynamic hyperinflation may, in part,
mediate the improvement in exercise endurance
by delaying the attainment of a critically high
inspiratory lung volume.

Several studies have shown an increased sys-
temic oxidative stress response after strenuous
exercise in COPD patients [12]. In COPD
patients, MERCKEN et al. [13] studied the effect of
exercise at different intensities, as well as the
effect of intensive supervised pulmonary rehabili-
tation on oxidative stress. COPD patients and
healthy age-matched control subjects performed
a maximal and submaximal exercise cycle
ergometry test at 60% of peak workload.
Patients with COPD performed these tests before
and after 8 weeks of PRP. Measurements were
taken before, immediately after and 4 hours

after both exercise tests. At rest, increased oxida-
tive stress was observed in patients compared
with control subjects, as measured by urinary
malondialdehyde (MDA) and hydrogen peroxide
(H2O2) in breath condensate. In healthy control
subjects, a significant increase in urinary MDA
was observed 4 hours after both exercise tests,
whereas H2O2 significantly increased immedi-
ately after maximal exercise. In COPD patients
before rehabilitation, reactive oxygen species-
induced DNA damage in peripheral blood
mononuclear cells, urinary MDA and plasma uric
acid were significantly increased after both exer-
cise tests, whereas no significant increase was
observed in plasma MDA. In contrast, exhaled
H2O2 was only significantly increased after max-
imal exercise. Although after rehabilitation peak
workload was increased by 24%, a similar oxida-
tive stress response was found. Remarkably, a
decrease in reactive oxygen species-induced
DNA damage was detected after exercise at sub-
maximal intensity, despite increased exercise
duration of 73%. In summary, patients with
COPD had increased pulmonary and systemic
oxidative stress both at rest and induced by exer-
cise. In addition, pulmonary rehabilitation
increased exercise capacity and was associated
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with reduced exercise-induced oxidative stress.
The study by MERCKEN et al. [13] is an important
paper, indicating the possible biological effects
of PRP. Other reported biological effects of PRP
include an increase in the level of exhaled nitric
oxide [14]. Therefore, there is growing evidence
that the physiological and clinical effects of
pulmonary rehabilitation may be mediated by
effects on biological conditions associated with
COPD.

Drug therapy and
pulmonary 
rehabilitation 
Another important issue regarding pulmonary
rehabilitation is the possible role of drug therapy
in enhancing the effects. Tiotropium is a once-
daily, inhaled anticholinergic bronchodilator that
provides sustained 24-hour improvements in air-
flow and lung hyperinflation reduction. In a ran-
domised, double-blind, placebo-controlled trial
[15], tiotropium was administered to COPD
patients (mean FEV1 34% pred) participating in
8 weeks of PRP (treadmill training three times a
week; ≥30 min per session). The study drug was
administered 5 weeks prior to, 8 weeks during,
and 12 weeks following PRP. The primary end-
point was treadmill walking endurance time at
80% of maximum speed attained in an initial
incremental test. The transition dyspnoea index
(TDI), SGRQ and rescue salbutamol use were sec-
ondary end-points. Mean endurance time prior
to, at the end of and 12 weeks after PRP pro-
gressively increased. Mean TDI focal scores at
the end of PRP and at 12 weeks after PRP were
greater for tiotropium than for placebo. Relative
to placebo, tiotropium improved SGRQ total
scores at the end of PRP and, to a greater extent,
at 12 weeks after PRP. Mean salbutamol use
declined following PRP plus tiotropium, com-
pared with PRP alone.  

Breathing strategies 
Breathing strategies refer to a range of tech-
niques, including PLB, active expiration,
diaphragmatic breathing, adapting specific
body positions and coordinating paced breath-
ing with activities. These techniques aim to
improve regional ventilation, gas exchange, re-
spiratory muscle function, dyspnoea, exercise tol-
erance and HRQL. PLB attempts to prolong
active expiration through half-opened lips, thus
helping to prevent airway collapse. Compared to

spontaneous breathing, PLB reduces respiratory
rate, dyspnoea and arterial carbon dioxide ten-
sion, while improving tidal volume and oxygen
saturation in resting conditions [16]. Although
these have not been convincingly demonstrated
to result in enhanced exercise performance,
many patients with chronic lung disease use this
technique instinctively and have reported
decreased dyspnoea with its use.

SPAHIJA et al. [17] investigated the effect of
PLB on breathing pattern, respiratory mechanics,
operational lung volumes and dyspnoea in
patients with COPD (mean FEV1 50% pred). PLB
promoted a slower and deeper breathing pattern
both at rest and during exercise. Whereas
patients had no dyspnoea with or without PLB at
rest, dyspnoea was variably affected by PLB
across patients during exercise. Changes in the
individual dyspnoea scores with PLB during exer-
cise were significantly correlated with changes in
the end-expiratory lung volume values estimated
from IC manoeuvres (as a percentage of total
lung capacity) and with changes in the mean
inspiratory ratio of pleural pressure to the maxi-
mal static inspiratory pressure-generating capac-
ity (PcapI), measured using an oesophageal bal-
loon, where PcapI was determined over the range
of inspiratory lung volumes and adjusted for
flow. SPAHIJA et al. [17] concluded that PLB can
have a variable effect on dyspnoea when per-
formed volitionally during exercise by COPD
patients. The effect of PLB on dyspnoea is relat-
ed to the combined change that it promotes in
the tidal volume and end-expiratory lung vol-
ume, and their impact on the available capacity
of the respiratory muscles to meet the demands
placed on them in terms of pressure generation.
As with the development of all aspects of the
patient's self-management, breathing strategies
must be individualised. Patients will usually
adopt the techniques that are most effective in
reducing symptoms.

Respiratory muscle
training 
In some studies, the addition of inspiratory mus-
cle training to standard exercise training in
patients with poor initial inspiratory muscle
strength has been shown to improve exercise
capacity more than exercise training alone. In
patients with less respiratory muscle weakness,
evidence for the addition of inspiratory muscle
training to regular exercise training is lacking.
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Three types of inspiratory muscle training have
been reported: inspiratory resistive training,
threshold loading and normocapnic hyperp-
noea. At present, there are no data to support
one method over the other. Hyperpnoea training
has been shown to have beneficial effects in
COPD patients [18]. 

MADOR et al. [19] have determined whether
hyperpnoea training, when added to an
endurance exercise training programme, would
lead to additional benefits compared with
endurance training alone in COPD patients
entering an 8-week outpatient PRP. Patients
(mean FEV1 45% pred) were randomised to
combined therapy or endurance training. Peak
exercise capacity, exercise endurance time dur-
ing constant workload cycle exercise, 6MWD,
HRQL as measured by the chronic respiratory
questionnaire, respiratory muscle strength and
endurance, and quadriceps fatigability were
measured before and after endurance or com-
bined training. After rehabilitation, peak exercise
capacity, exercise endurance time, 6MWD and
HRQL all increased in both groups, but there was
no significant difference in the extent of
improvement between groups. Mean respiratory
muscle endurance increased to a significantly
greater extent in the combined therapy group.
Respiratory muscle strength was significantly
increased, and quadriceps fatigability was
significantly reduced after rehabilitation in the
combined therapy group although not in the
endurance training group, but the difference

between groups did not reach statistical signifi-
cance. The authors concluded that the
endurance of the respiratory muscles can be
improved by specific training beyond that
achieved by endurance training alone in COPD
patients. However, this improvement did not
translate into additional improvement in quality
of life or exercise performance. 

BECKERMAN et al. [20] assessed the long-term
benefits of inspiratory muscle training on in-
spiratory muscle strength, exercise capacity, per-
ception of dyspnoea, HRQL, primary-care use and
hospitalisations in COPD patients with FEV1
<50% pred who were randomised into a group
that received inspiratory muscle training for 1
year, and a control group who received training
with a very low load. There was a statistically sig-
nificant increase in inspiratory muscle strength
and 6MWD, a decrease in the mean Borg score
during breathing against resistance, and improve-
ment in the HRQL scores in the training group
but not in the control group. At the end of the
training year, these changes were maintained; in
addition, a decrease in primary healthcare use
and hospitalisation days was observed.

Arm training
Most patients with stable moderate COPD
complain of dyspnoea during activities involving
the upper extremities. In these patients, thoraco-
abdominal dyssynchrony and an increase in oxy-
gen consumption and minute ventilation (V'E)
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are observed during unsupported arm activity in
comparison with leg middle-intensity exercise.
One explanation for this is that, with increasing
hyperinflation, inspiratory muscle predominance
may shift from the diaphragm to the accessory
inspiratory muscles, including some muscles of the
shoulder girdle that contribute to both upper-
extremity positioning and pulmonary ventila-
tion. In line with this concept, upper-extremity
training would yield greater improvement
(although not significantly) in maximal inspira-
tory pressure. Few controlled studies have evalu-
ated the effects of upper-limb training [21].

GIGLIOTTI et al. [22] have ascertained the fol-
lowing in patients with COPD: 1) whether and to
what extent upper-limb exercise results in
dynamic hyperinflation; and 2) the mechanism
whereby an arm training programme reduces
arm effort and dyspnoea. Twelve patients with
moderate-to-severe COPD were tested during
incremental, symptom-limited arm exercise after
a non-interventional control period (before the
arm training programme) and after the arm
training programme. Exercise testing was per-
formed using an arm ergometer. Oxygen uptake,
carbon dioxide output, V'E, tidal volume and
respiratory rate were measured continuously dur-
ing the tests. IC, exercise dyspnoea and arm
effort using a Borg scale were assessed at each
step of exercise. Arm exercise resulted in a sig-
nificant decrease in IC, and significant positive
relationships of IC with an increase in oxygen
uptake and exercise dyspnoea and arm effort.

The results of the arm training programme were
as follows: 1) a significant increase in exercise
capacity; 2) no change in the relationships of
exercise dyspnoea and arm effort with V'E and
IC, and of IC with oxygen uptake; 3) at a stan-
dardised work rate, V'E, exercise dyspnoea and
arm effort significantly decreased, whereas the
decrease in IC was significantly less than before
the arm training programme (the decrease in V'E
was accomplished primarily by a decrease in re-
spiratory rate); and 4) at standardised V'E, exer-
cise dyspnoea and arm effort decreased signifi-
cantly. Arm exercise resulted in the association of
dynamic hyperinflation, exercise dyspnoea and
arm effort in COPD patients. Thus, an arm train-
ing programme increases arm endurance, modu-
lates dynamic hyperinflation and reduces symp-
toms. 

In a multicentre prospective, randomised,
controlled study, PORTA et al. [23] evaluated the
effects of early arm-exercise training in patients
recovering from acute respiratory failure requir-
ing mechanical ventilation. Patients were ran-
domised to either supported arm-exercise train-
ing plus general physiotherapy or to general
physiotherapy alone. Patients undergoing sup-
ported arm-exercise training showed a greater
improvement in exercise capacity, as assessed by
an arm incremental test and an endurance test,
compared with the control group. Post-training
maximal inspiratory pressure significantly
improved in both groups. Incremental test
isoworkload dyspnoea improved significantly in
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both groups, whereas isoworkload peripheral
muscle fatigue, endurance test isotime dyspnoea
and muscular fatigue improved significantly in
the arm-exercise group but not in the control
group. Incremental test and endurance test
improvers were more frequently observed in the
study group. Baseline maximal inspiratory pres-
sure could discriminate between incremental and
endurance tests improvers. Thus, the authors con-
cluded that early upper-limb exercise training is
feasible in patients recently weaned from mechan-
ical ventilation and can enhance the effects of
general physiotherapy. Baseline inspiratory muscle
function is related to exercise capacity improve-
ment.

Outcome 
The BODE index [24], which integrates body
mass index, airflow limitation (FEV1), dyspnoea
and 6MWD, predicts mortality in COPD.
Pulmonary rehabilitation improves some compon-
ents of the BODE index. COTE et al. [25] hypothe-
sised that changes in BODE may reflect the
effects of PRP. To test this, a study was conduct-
ed on patients (BODE quartiles 2–4) who either
declined, dropped out from or completed PRP.

BODE was determined at entry, after PRP, and at
1 and 2 years. Other outcomes included the
length of stay for respiratory-related hospitalisa-
tions and mortality. At entry, the two groups had
similar age and comorbidity but different BODE
indices. After PRP, the BODE index improved by
19% and returned to baseline after 2 years. The
BODE index worsened in the non-PRP group by
4% at 12 months and 18% at 2 years.
Respiratory mortality at 2 years for PRP was 7%,
compared with 39% for the non-PRP group.
Length of stay at 1 year for COPD decreased
20% in PRP, while it increased 25% in non-PRP.
It was concluded that PRP improves BODE and
is associated with better outcomes. The BODE
index change after pulmonary rehabilitation pro-
vides valuable prognostic information. 

Conclusion 
In conclusion, the papers on pulmonary rehabili-
tation that were published in 2005 have  pro-
vided useful information. The notion of biologi-
cal effects of PRP, as reported in the paper by
MERCKEN et al. [13], is extremely interesting, giv-
ing new research perspectives in the field.

Pulmonary rehabilitation: a year in review

Educational questions

1. Is respiratory muscle
training always indicat-
ed in COPD patients?

2. Which of the following
statements about the
BODE index is true:
a) It is related to resource 
consumption.
b) It is related to survival.
c) It changes with pul-
monary rehabilitation.
d) All of the above.
e) None of the com-
ments above.
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